CP and

First studies already initiated by ATLAS and CMS

= ATLAS —-CHARYBDIS HERWIG-based generator with more
elaborated decay model

= CMS — TRUENOIR

H

imulated black hole event in the
A TLAS detector [from ATLAS-Japan Group
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Cerné diry v LHC ?

*Cojecernadira?

e MuliZe byt mala ?

e Je stabilni ?

e MuZe vzniknout na urychlovadi ?
e Zavisi na poctu dimenzi ?

* Jak ¢asto ji uvidime ?

e A jak ji uvidime ?
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Black Holes on Demand NYT, 9/11/01 By G

Scientists are exploring the possibility of producing miviature black holes on demand by smashing paicles
together. Their plans hinge on the thaory that the universe contains mare than the three dim ensiens of
evaryday life. Hera's the idea;

Parficies colfde in threo

dimensional space, shown
beiow as a Mt piane.,

gruiatonal s

Asthe particles approach  When the parficles ae ex- The extra dimengions would ~ Such a black hole would
ina particle accelerator, tremely close, they may enter  allow gravity 1o increase immadiately evaporate,
their gravitational attraction  space with more dimarsions,  rmore mpidly g0 & black hale  sending ouf a uniqua pat-
increases steadily. shown above as & cube. can forrm., temn of radiation.
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elativity (GR)

t's somewhat ronical that
instein himself never believed

arl Schwarzschild showed
1316} lhal lhe space-lme melnc

or a massive body has a
singulanty atr = R, = 2MG, /c?
= 1 and t essentially swap places
forr< Rg
Hence, if the mass M I1s enclosed
within its Schwarzschild radius
Rz, a "black hole™ 1s formed
he term “black hole” was coined
uch later by John Wheeler
1967

Maively, a black hole would only grow
once it's formed

In 1975 Steven Hawking showed that
this 1s not true

, as the black hole can
=vaporate by emitiing virtual pairs at
the event honzon, with one particle of
the pair escaping the BH

These particles have a black-body
spectrum at the Hawking

temperature:

In natural units (k= c=%k=1), one
has: R;T,, = (4n)!

If T,, iIs high enough, massive
particles can be also produced in the
process of evaporation




1

.
—_— — r
G.u v = R.u v Eg'“ yR=K ru v

valid in any dimension

KK in 1930 gravitation + electrmagnetism (n=1)

In 1990 n>1 myns

FI::}'::I = G‘D ;rﬂT

FPlanck scale. Mp ~ 1019 GeV |
Gp = 1 /M2

i B~ Gp.

M EW
N . ":-

SM fields _I_'1,.-'j:5 et E;E’ i _E'I,sf_ T .
(Mp) *

Gravitons

and Scalars _—

(M) _':.'h‘f_ll:. W = 2 kL ﬂ‘ik
y y="1 -
(a) (b)

Fig. 1 (a) A 3-brane embedded in a (4 + »)-dimensional flat spacetime. (h) Two 3-branes embed-
ded m a 5-dimensional Anti de Sitter spacetime.
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Table 1 Current limats on the fundamental energy scale

Type of Expennment/Analysis

M, >

M, >

Collider limaits on the production
of real or virtual KK gravitons [11]-[13]

Torsion-balance Experiments[14, 15]
Overclosure of the Universe[16]
Supernovae cooling rate [17]-[20]
Non-thermal production of KK modes [21]
Diffuse gamma-ray background [16, 22, 23]
Thermal production of KK modes [23]
Neutron star core halo [24]

Neutron star surface temperature [24]

BH absence 1n neutrino cosmic rays [23]

145 TeV (n=2)

32 TeV (n=2)
8 TeV (n = 2)
30 TeV (n=2)
35 TeV (n=2)
110 TeV (n = 2)
167 TeV (n = 2)
500 TeV (n = 2)
700 TeV (n = 2)

0.6 TeV (1 = 6)

(@ < 50 pm)

25 TeV (n = 3)

3 TeV (n = 6)
5TeV (n =3)
15TeV (n=35)
30 TeV (n = 3)
02 TeV (n = 6)
1-14 TeV (n = 5)
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Vznik BH
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Schwarschild-Tangherlini line element of black hole with radius r

-zry 141 . ey n1] 7L . "
a? = |1 (L) ar+ 1= (Z)™] ar+ragd,. G

where dﬂ% 4, is the line-element of a (2 +n)-dimensional unit sphere

dQ2,, =do2, , +sin® 6,41 (dﬁ,f +sin’ 6, ( .+ sin? 6 (462 +sin® 6; d>) ))

In D=4+n

(” l]
.i‘l—l— 2 ?I'—I‘—

¢ {n-l-l)\{:t["Jr“
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Creation of BH at the LHC

Compton wavelength |C = 4p /E of the colliding particle
of energy E/2 must lie within the corresponding Schwarzschild radius rH(E).

high-energy scattering process with E >M * and

impact parameter b between the colliding particles, the following two cases should

be expected: (i) if b > rH(E), elastic and inelastic processes will take place, dominated
by the exchange of gravitons, while (ii) if b < rH(E), a black hole will be

formed 1 1/(n+1]
a1 [ E N\ (2
xmin = E/M% E M, \M, (n+2)ya"

Table 2 The values of the ratio Xy, — E /M, . necessary for the creation of a black hole, as a
function of n.

-]

n=>2 =3 n=4 H=235 n==~0n n="7

Xapin = ED Xoin = gj Xging = 1':"4 Xpm = ll:lg Xpuy = 111 Xging = 112

6.3.2009 CZ-SK Kosice (V. Simak) 11



Clasic BH (Penrose)
I Vv

Fig. 2 Two Aichelburg-Sexl v

shock waves propagating

at opposite directions. The

two shock waves collide at III II
i =v=>0 and. 1f a closed

trapped surface or an apparent I

horizon 1s formed. a black
hole has been created. shock 1 shock 2

¥=1/4/1— B2 Inthe limit ¥ — ==
ds* = —dudv + dx*+ dv* + 4pin(x* +3%) 8 (u) du? (12’
with # =¢ —z and v=r+z, and u the particle’s energy.

The creation therefore of a black hole 15 nothing but a Boundary Value problem.

In D = 4 dimensions and for a head-on collision (& = 0), this problem can be solved

analytically. This task was performed by Penrose, more than 30 vears ago, who

found that an apparent horizon is indeed formed with an area equal to 32mu°. This

can put a lower bound on the area of the event horizon and thus on the black hole
mass as follows:

ol 2 _Tm 1
Ag =4mry = 32nU° = Mgy = > = v (2 ) (13)

70 % energy =>BH
6.3.2009 CZ-SK Kosice (V. Simak) 12




In the brane-world scenano. the colliding particles need to enter the higher-
dimensional regime in order to create a black hole. In that case, every closed trapped
surface will be a (D — 2 surface instead of a 2-dimensional. Nevertheless, the same
procedure for investigating the creation of a black hole can be followed in this case,
too. For a head-on collision, the corresponding boundary value problem can be again

znlved analvtically leadine tn 351

Mgy > [0.71 (forD = 4) — 0.58(forD = 11)](2u)

D=4: b < byoy == 0.875,

D=4+n: b < by, ~ —[}I+2:I_f|::+’.'+1]‘,-H

-
Oproduction = 70 b

6.3.2009 CZ-SK Kosice (V. Simak)
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1 £\ 2/ (n+1)
M2\ M,

"

Oproduction ©< g ~

Tahble 3 Black-Hole production cross-section as a function of the dimensionality of spacetime [37]

D - 5 6 7 8 9 10 11

Oproduction/ (7g)  0.71 154 215 252 277 295 3.09 320

1 A4 .
pp—BH X . V. _ij—=BH T— T
Oproduction = Z f dt j f.a"'i?)gpmductiﬂﬂ e

Numerical calculations, that take into account the compositeness of the acceler-
ated particles and the behaviour of PDF s, have dermved some indicative values for
Oproduction 139, 40]. For example, if we assume that A, = 1 TeV and D = 10. then
the production cross-section for a black hole with Mgy = 5 TeV turns out to be
Tproduction ™ 10° fb. while for a black heole with Mgy = 10 TeV it is found that
Oproduction ~ 10 {b. For beyond the SM processes, the aforementioned values are
quite significant — in the first case, the value of Tproduction amounts to one black hole
created per second! Whether LHC will indeed prove to be a black-hole factory, it
remains to be seen.

6.3.2009 CZ-SK Kosice (V. Simak)
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The emission of Hawking radiation [43] 1s sourced by the non-vanishing temper-
ature of the black hole. This 1s defined in terms of the black hole’s surface gravity &

as follows | |
T — ko1 1 (:ﬂgﬂ) _ntl (18)
r=rg

2 4 f|gngn| \ dr  4mry

Table 4 Honzon radius and temperature of the Schwarzschild-Tangherlimi black hole as a function
of the number of extra dimensions, for M, = 1 TeV and Mgy = 3 TeV

. 1 > 3 4 5 6 7
rir (107 fm) 406 263 222 207 200 199 199
Ty (GeV) 77 179 282 379 470 553 629
l:."i+f-'
Tinta) ™ 41;: (lﬁH) T > 1. (19)

For the same values of M, and Mgy, the typical lifetime of the black hole comes out
tobe T =(1.7—0.5) = 10~2% sec for n = 1 — 7. In other words, the produced black
hole will evaporate instantly after 1ts creation. and 1t will do so right in front of our
detectors.

6.3.2009 CZ-SK Kogice (V. Simék) 15



Related study by Giddings, Thomas

Extends previous theoretical studies by Argyres, Dimopoulos, March-Russell

. Banks, Fischler . Emparan,
Horowitz, Myers to collider phenomenology
Big surpnse: EH production 15 not an exotic remote possibiiity, but the dominant
effact!
Mzin idea: when the c.o.m. energy reaches the fundamental Planck scale, 2 BH is
formed; cross section 1s given by the black disk approximafion:

g~aRs ~1TeV " ~10""m" ~ 100 pb

This 1s an enormous cross section! For a 400 TeV machine, Rg ~ 1 im, so nothing,
including difraction, will be seen except for the BH production!

6.3.2009 CZ-SK Kogice (V. Simak)




6.3.2009

Rozpad BH
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That 15 why we need to study in the greatest possible detail the spectrum of
the Hawking radiation emitted by the black hole as this will probably be the main
observable effect associated with this gravitational object. Although a purely geo-
metrical property, the temperature of a black hole leads to the emission of thermal
radiation similar to that of a black body. The Hawking radiation [43] 15 therefore
a classical phenomenon but with a quantum origin, since classically nothing 1s al-
lowed to escape from within the black-hole horizon. The emission of radiation from
a black hole, 4-dimensional and high-dimensional alike, can be realized through the
creation of a virtual pair of particles just outside the horizon: when the antiparti-
cle happens to fall inside the black hole, the particle can now propagate away from
the black hole whose mass has decreased due to the negative amount of energy 1t
received. The radiation spectrum 1s therefore a nearly black-body spectrum with
energy emission rate given by an expression of the form [43]

dE(@) |&(e)] o do
dt  expl(w/Tg)F1 (2n)

(20)

6.3.2009 CZ-SK Kosice (V. Simak)
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The quantity|af (@] |! appearing in the numerator 1s the Absorption Probability (or,
grevbody factor). Its presence 1s due to the fact that a particle, propagating in the
(4 4 n)-dimensional black-hole background, needs to escape the strong gravitational
field. that the black hole creates, to reach the asymptotic observer. In order to see
this, we may write the equation of motion of an arbatrary field in the aforementioned
background in the form of a Schrédinger-like equation

e

dr?

*

FV(ronlos, )P =0, ar, = [1- ()] ar

r

GOy | gUP p=IOTy g g

] .
i BUP gior, F —s o0

a2 (M 1 o ()] :
—_— E | =— = i)
dtdm \ 2T exp(@/Tg) F1\
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0.035

0.03

]
!.T.\
=]
n

d?EMV2dtde [r

Fig. 5 Hawking radiation
energy emission rates for
brane-localised fermions, for

0.0z

n=20,1,2.4 and 6 (from
bottom to top).

n

Table 5 Total emissivities for brane-localised scalars. fermions and gauge bosons [59] and bulk

gravitons [60]

|

n 0 1 2 3
Scalars 1.0 8.04 36.0 00.8
Fermions 1.0 14.2 50.5 162
G. Bosons 1.0 27.1 144 441
Gravitons 1.0 103 1036 5121

25% 10°

8% 10°
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Fig. 6 Relative emissivities for brane-localised fields for n = 0 (left plot) and n = 6 (right plot).

5 u ,  2ausin’ @ DI
ds :(I—W)(H +Wdfd$—zd?"

2 » o a’usin®6 2 2 2.2 2
— Xdo —(r +a —|—W>sm Bdp~ —r cos” 0dL2;

where
>, 2 M 2, 22
2 =r4+acos 0.

2)A4- 2
Mgy = (ﬁ il ) “+”Ju and J = aMprr.
n—+2
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Fig. 7 Absorption probabilities for brane-localised scalar fields as a function of the angular-
momentum parameter a (left plot) and number of extra dimensions n (right plot).
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Fig. 8 Energy emission rates for brane-localised scalar fields in terms of the angular parameter

(left plot) and gauge bosons in terms of the number of extra dimensions (right plot).
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Table 6 Enhancement factors for the energy emission rates in terms of the angular momentum
parameter and number of extra dimensions

(n=4) a, =0 a, =1.0 (a, =1) n=1 n=7
Scalars 1 =3 1 = 100
Fermions 1 6 1 00
G. Bosons 1 =5 1 = 50
Pavwser Flux {2=0) Paowerer Flux {2=1/2) Power Flux {a=1)

o2
006
o4

0012

Fig. 9 Angular distribution of the energy emission spectra for scalars (left plot), fermions (central
plot) and gauge bosons (right plot) for a 6-dimensional black hole with a, = 1.

d’E 1S L el . 2
d(cos)didw ~ Am Z ;-exp((ﬁfTH)—l ( ISIJ") +(5”|5|j)

°~J
)
)
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Fig. 10 Energy emission
rates for bulk scalar fields, as
. 0.0005
a function of the number of
additional spacelike dimen-
sions, for the Schwarzschild 0

phase.

Table 7 Bulk-to-Brane Relative Emissivities Ratio for scalar fields in terms of n

| n=~0 n=1 n=2 n=3 n=4 n==, nH=~6 n=7

Bulk/Brane | 1.0 0.40 0.24 0.22 0.24 0.33 0.52 0.93

6.3.2009 CZ-SK Kosice (V. Simak)
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Table 8 Relative emissivities for brane-localised Standard Model fields and bulk gravitons

4] 0 1 2 3 4 5 6 7
Scalars 1 1 1 1 1 1 1 1
Fermions 0.55 0.87 0.91 0.89 0.87 0.85 0.84 0.82
(7. Bosons 0.23 0.69 0.91 1.0 1.04 1.06 1.06 1.07
Gravitons 0.053 0.61 1.5 2.7 4.8 2.8 17.7 34.7
d2E ’
i -E
T (Brane/Bulk) £ = (Brane/Bulk)
1.x10%; dtdw
VN 35 a,=0.3
1.%x10%F N n=4 30} a,=0.6
1\ e ,,D:a T —_ a5t a,=0.9
10000} ~.p=2 T — _ o 20}
o 15}
100 |
10}
: ' ' ' ' ' =, WIH 0 050.10.150 20.250 3“H
0 0.050.10.150.20.250.2 : -10. -20. .

Fig. 11 Brane-to-Bulk ratio of the differential energy emission rates for scalar fields during the
spin-down phase in terms of n (left plot) and a (right plot).

1
log(Ty) = - log(Mpgr) + const.

+1
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Fig. 12 Plots relating the black-hole mass and temperature measurements, and the derived value
of n, for constant (left plot) and variable (right plot) temperature [78].
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Fig. 13 Multiplicity of parti-
cles emitted by a black hole
as the number of the addi-
tional spacelike dimensions n
increases from 2 (top curve)
to 6 (bottom curve) [78].
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Table 9 Predictions for the relative emissivities of SM fields [78] derived by CHARYBDIS

Type Quarks Gluons Charged leptons  Neutrinos Photons Z° ®W*  Higgs

(%) 63.9 11.7 9.4 5.1 1.5 2.6 47 1.1

At the moment, there are several Black Hole Event Generators that have been
constructed: CHARYBDIS [79], Catfish [80] and TRUENOIR [81]. For example,
the CHARYBDIS generator uses the HERWIG program [82] to handle all the QCD
interactions, hadronization and secondary decays. It also makes specific predictions
for the relative emissivities of the different species of SM particles expected to be de-
tected. These are shown in Table 9 [78] from where we easily deduce that the dom-
inant type of elementary particles emitted by the black hole should be the quarks.
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Randall-Sundrum Gravitons and Black Holes at the LHC

y 2008

= K.M. Black
z Laboratory for Particle Physics and Cosmology, Harvard University, 18 Hammond Street, Cambridge,
MA USA

U,
M3, = Jf_ 2 (1 — 727k
1 Mpgy ST(ZH) 1

RS — [ BH[ ( 2 }}n+1] oBH ﬁﬂﬂ-g

VaiMp Mp;  n+2

arX1v:0805.3007v2 [hep-ph] 24
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Figure 1: Discovery potential at CMS in the dimuon channel for Randall-Sundrum gravitons(left) and spin
determination potential (right) .
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Black Hole Searches at ATLAS
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Figure 2: Scalar sum of pr of all objects in the event (left) and black hole discovery potential as a function of
black hole mass threshold (right).

The discovery of extra spatial dimensions, strong gravity ,and black holes at the LHC would
be truly fascinating and spectacular. Many detailed studies to estimate the CMS and ATLAS
potential to such possibilities have been undertaken. The amount of integrated luminosity for
discovery varies as a function of the model parameters but could be as small as a few inverse
picobarns. Both collaborations eagerly await the startup of the LHC later this year to probe
the possibility of strong gravity at the TeV scale.
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We conclude that the exterior gravitational field of a Black hole 1s not native of an AdSy bulk and
that the black holes produced by proton-proton collision at the LHC may be unstable. Nonetheless,
it is possible that in a higher dimensional bulk D) > 5, the behavior of the black holes is stable.
This follows from the well known example given by the 6-dimensional flat bulk Mg(4,2), whose
metric is also invariant under SO(4,2), so that it has the same group of isometries of the AdSs.
Consequently, all arguments of the ADS/CEFT correspondence which depend only on the Lie group
properties, can be extended without loss of generality to that Hat bulk. By the same argument used
in the ADS/CFT correspondence, the quantum unitarity of the Yang-Mills fields is maintained in
the six-dimensional flat bulk,

6.3.2009 CZ-SK Kosice (V. Simak) 32
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+ First studies already Initiated by ATLAS and CMS

= ATLAS —-CHARYBDIS HERWIG-based generator with more
elaborated decay model

« CMS - TRUENOIR

|.

ATLAS detector [from ATLAS-Japan Group

imulated black hole event in the
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The inspiration for unparticles physics, as outlined in the pioneering papers by Georgl
2], is derived from the Banks-Zaks (BZ) high energy field theory with non-trivial IR fixed
point, whose interactions are mediated by exchange particles of mass M, [16]. Such a field is
assumed to interact with the Standard Model (SM) fields according to the scale-suppressed

non-renormalizable Lagrangian density

k
Ko o Vo Au
L= A OsuOy , K=Cy ( )

with Jr{‘H = dg_.u + dH — 4.

for an unparticle of four-momentum F, the spectral density function can be shown to have

the form

1(0]Ou(0)|P)|*p(P?) = Ag8(P°)8(P?)(P?)%=? (4)

with
167°2 T(n+1/2)

(27)2" ['(n — 1)I'(2n) (9)

A.:sm —
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In the non-relativistic limit, the appropriate mnteractions may be computed by the usual

Fourier transform method. For tensor couplings, the result 1s a modified potential of the

form [12, 14]

7 r 2 ]__1[:0}“ —|— %)F(d“. — %) R* 2y —2 i R* Oy, —2
1 (I’") - If;"\-’(r} 1 + ngu_l F(gd“j ( r ) = Iﬂ.—(r] 1 + qu (T) .
(8)

where Vi (r) 1s the usual Newtonian potential. The effective length-scale R, is defined as

1 dpz

_ M Pl -1 ﬂ;,f dyq—1
R ' - iﬂl l ( —) ( My, ) - g
O\ Ay My )

It d;y < 1 solutions are allowed, then the unparticle potential can be repulsive, since
I'(x) < 1 for # < 0 (and hence for diy < 1/2). In general, most unparticle treatments in the

literature do not address the latter case. The tensor rank of the operator Oy will determine

the dimensionalhitv

1 Ay (Zﬂ-fggrdu)_zdfh’;_l

T dmrg 4m \ MEA
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23, 1t 1s presupposed that one may re-define the gravitational potential of a single mass m.
according to the standard definition. The modified gravitational potentials for both tensor

and vector couplings can be written in the general form

R Dy —2
Dy (r) = Dy (r) {Hrdﬁ(r*) ] | (13)

“(2dy — 2)-dimensional” Schwarzschild solution. Thus, the metric can now be written in the

form

2GM R\ 2u—2 dr?
ds? — [1 - (1 +T, (—) )] di* + ’ + 2402 (15)
r 1 — 2CM

-r (11 (5)7)

OMpuTa, | T

g =
172 A—1
..'.1.!.!;! A 14
Mpy = ﬂ{af‘q}l. For Ay ~ 1 TeV, My ~ 10 TeV, and Mgy ~ 10 TeV, one finds 7 ~ 107 fm

for all values of dyy = 4, which corresponds to a geometric cross section ogy ~ 10 pb. This

places the likelihood of unparticle-driven black hole formation at the LHC 1n a favorable
light.
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Top quark

Process t-ch s-ch | tW-ch it
Cross section 245 pb | 10 pb | 60 pb 833 pb

Statistical uncertainty (%J 2.7% | 17.6% | 9.2% | 0.4% (lepton—+jets)

Table 1: The cross sections and the predicted statistical uncertainties on the cross sections

of different top quark production processes by the CMS detector at the LHC for 10 fh~!

of integrated luminosity Planck mass definitions:

o (2nDpn=Dyrmm N

=

o (20=3)pln—V)yipz

where n 1s the number of the extra dimensions.
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Figure 1:
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Figure 2: The transverse momentum distribution (Pr) of the top quarks from SM single

top

6.3.20

quark (t-channel) and single top quarks from the decay of a black hole are compared.
The top quark production from the decay of a black hole was considered for different
values of the free parameters. It was shown that if the black holes are produced at the
LHC. an unneghligible excess m the number of the produced top quarks can be seen. If
the fundamental Planck mass is very high. the cross section for top quark production
decreases significantly. but the produced top quarks are much harder than those from the
Standard Model, so studying the high transverse momentum top quarks can indicate the

resence of the sienal. .
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Top quark energy @ = /p? + M7 can be written [14] as
dN  ecq0q dp p?

dt 82 (eRTBE 1)

The temperature of the black hole 1s given in [3], namely

d—+1 d+1 Mp d+2 .

_ _ 2Ty,
Ten 47 Rg 4y IP[MBHSW:@J]JF

d + '.3:.'2;'(d+1j d+ BRQ

os = Lsm(—5 d+1 %

(3)

where we take I'; = £ for spin half particles. The total number of top quarks emitted from

the black holes 1s thus given by:

2

tf Mpu cy0, P
N, = [Tt [ — ~ 1)
top quark o . P Q2 {eﬁpﬂ-l-a'lff.fTBH 1) (4

T —
= My ELIPJ

{j (*?LIEng'_ﬂ' .
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1 1
om0 (Mer) = za_.& f '—’E#L'a[w dzp faa(Ta, 1)

% fosB(wo, (8) 6™ P (8) d(aze — Mpg/s).
- | Mgy ST(E3y
~ab—BH [y _ BH D /v12/(d+1 — N
o \s) = ﬂffn[ Mp ( d+ 9 )P Ttop quark — < Vtop quark™ BH -

Black hole cross section at the LTHC

o collislons at c.om. energy [4 TeW'

essf - T T T T T 7

L ’ — M, =1TeV ]

10000 - - M=2TEV) 3
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100 3

. .E |

g I 3

= E |
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FIG. 1: Total cross sections for black hole production at the LHC.
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At the next-to-next-to-leading order (NNLO) one needs to compute the following partonic

subprocesses. On the leading-order (LO) level we have
q+q— tt, g+ g — it (9)

In NLO we have mn addition to the one-loop virtual corrections to the above reaction the

following two-to-three body processes
q+q—tt+yg, g+ q(q) —tt +4q(q), g+g—tt+g. (10)

At NNLO level we receive the two-loop virtual corrections to the LO processes in eq. (9)
and one-loop virtual corrections to NLO reactions in eq. (10). To these contribution one

has to add the results obtained from the following two-to-four body reactions

g+g—tt+g+g, g+g—tt+q+4q,

g+qlq) — tt+q(q) + g,

q+q—tt+g+g. g+ q—tt+q+4q,
q+q—tt+q+q, g+qg—tt+q+q,
q1 + g2 — tt + q1 + ga. g1+ Go — tt + q1 + Go. (11)

After the phase space integrals has been done the partonic cross section 7 1s rendered finite
by coupling constant renormalization, operator renormalization and the removal of collinear

divergences. The renormahzation scale pgp 1s set equal to the mass factorization scale pp.
CZ-SK Kosice (V. Simak)
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The cross section for top quark production in proton-proton colhsions at the LHC 1s given

by

o= 3 fd;mfd;rg falzt, 1i3) folza, %) Gab (12)

a,b=q.7.9

Black hole cross section at the LHC

o collislons atc.m. energy L4 TeW

essf T T T T T T T 3

m h — M, =1TeV !

10000 F- e --- M =TV
e ) ) L Mp =3 TV

E M,=5TeV|  §

100 F- =

- .E E

g iF :

e E 3

oL n

E |

0.0001 - AN =

F g 7

1e-06 3

P S R N R B B -

0 2 4 g 8 0 12 14

MIIH (TeV)

FIGG. 1: Total cross sections for black hole production at the LHC.
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These black hole production eross sections will be multiplied with the number of top quarks

produced from a single black hole to obtain the top quark production cross section from a

hlack hole at the LHC.

0.1
' ! MP-1Tev MB=3Taw
BB TaW ME=STl"
ME=2TEY ME-ET2l"
MP=2TeV M5=10Taw
04k -
noe b 4
£ ool 4
]
&
(-8
2
B
5 007 | -
5
L
3
-‘% L6 | -
nos | -
nod | -
1 L 1 1 L 1 1 L

0.03
164 186 166 17D 172 174 176 178 1E0 182
Top QUark Mass (ZEV)

FIG. 2: Average Number of top quark production from a single black hole at LHC. The upper two
lines are for black hole masses equal to 3 and 5 TeV respectively with the Planck mass equal to 1

TeV in each case. The lower two lines are for black hole masses equal to 6 and 10 TeV respectively

6.3.2009ith the Planck mass equal to 2 TeV inact kaxee (V- Simk)



ME=1T2V ME=3Tey
ME=1 T2V ME=STal
MRSTZI0E
"CTEQEE
2000 4
=
2 1500 g
]
2
]
L]
;
£
8
a 1000 | -
]
=00 -
1 1 1 1 1 1 1 1

0
164 166 166 170 172 174 176 178 1EQ 182
Top JUarE Mass (3eV)

FIG. 3: Total cross section for top gquark production at LHC from black holes and from direct
pQCD processes at NNLO. The two middle curves are NNLO results and the upper and lower
curves are from black holes of masses 3 TeV and 5 TeV respectively with the Planck mass equals

1 TeV in each case.
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In summary, we have computed top quark production cross section from black holes in
proton-proton collisions at the LHC at /s = 14 TeV via Hawking radiation within the model
of TeV scale gravity and have compared 1t with the pQCD cross sections at NNLO. As the
temperature of the black hole 1s ~ 1 TeV there 15 a huge amount of top quark production
from black holes at the LHC if the Planck mass 1s ~ 1 TeV and the black hole mass 1s ~ 3
TeV. We also find that, unlike standard model predictions, the top quark production from
black hole 1s not sensitive to the mcrease m top quark mass. Hence we suggest that the
measurement of an increase in cross section for heavy particle (top quark or Higgs [23] or

SUSY [22]) production at the LHC can be a useful signature for black hole production.
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Black Holes in Higher Dimensions

Roberto Emparan
Institucid Catalana de Recerea i Estudis Avancats (ICEEA)
and
Departament de Fisica Fonamental, Universitat de Barcelona
Marti i Franqués 1, E-08028 Barcelona, Spain
email: emparan@ub.edu

Harvey 5. Raall
Department of Applied Mathematics and Theoretical Physics
University of Cambridge, Centre for Mathematical Sciences
Wilberforee Road, Cambridege CE3 0WA
United Kingdom
email: herl000%eam.ae.uk

Abstroct
W roview black hole solutions of higher-dimensional vemmum grovity, snd of higher
dimensional supergray ity thoories, The discussion of vasuum grovity is psdagogiesl. with
detaikd reviesrs of Myers-Farry solutions, bleck nngs, and solution-genersting techroquss.
Wa discuss black hels soluticns of maxiumal aupargravicy theonsa, inchiding Black helss an
anti-do Sittor spees. Genorsl remlts and opsn problems are dismassed throughoot.
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Black Holes in Higher-Dimensional Gravity*

Miels A, Obers

The Niglz Bohr Instifute
Hlegdamswe) 17, 2000 Copenhagen &, Denmark:

abarsfokd .dk

Sbstract

Thesa lectures review some of the recent progress in uncovering the phase structure of
black hols solutions in higher-dimensional vamm Einstein gravity, The two classes on
which we foeus are Kaluza-Klein black holes, 4.e. statie sclutions with an event horizon in
asympeotically Aat spaces with compact directions, and stationary solations with an event
horizon in asymptotically Aat space. Highlights include the recently constructed multi-
black hole configurations on the cylinder and thin rotating black rings in dimensions higher
than fva. The phasa disgram that is emarging for esch of che two elasses will be disoussad,
including an intriguing connection that relates the phase scructure of Kaluza-Klein black
holes with that of asymptotically Aat rocating black holes,

arX1v:0802.0519v] [hep-th] 4 Feb 2008
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Black Holes at the LHC

Panagiata Eant

Feb 2008

Abstract In these twe leciures, wa will address the fopic of the creation of small
black holes durpg particle collisions in a ground-based accelsratar, such as LHC,
in the coofext of a higher-dimensioral theary, We will cover the mamm assumptions,
critaria and estimates for their creation, and we will discuss thelr propertias afier
their formation. The most important observable efect associated with their creation
is likaly 1o be the emizsion of Hawkics radiation during their evaporation process.
After presenting the mathematical formalism for its stady, we will review the curment
tasulis for the endssion of particles both oo the brane and in the bulk, We will finizh
with a discussion of the methodology that will be used to stady these specira, and
the observable signatares that will belp us identify the black-hols eventz.

3

0802.2218v1 |hep-th] 1:

1 Introduction

Thasa two lectures aim at offeTing an introducton to the tdea that miniature black
hioles may be created damng kizh-snergy particls collisions at ground-sased collid-
ars. This scenario can ooly be realised in the contest of igher-dmensianal theories,
ie theories that postulate the existence of additbonal spaceliks dmepsions o panoe.

- An imfreduction to the two most important versions of these theories, pamiely the
. scenario with Large Exima Dimensions acpd the one with Warped Exira Dimensions
L will be par staring poini.

e will then nroread to inmadnes the idaa of ths massihils creatiom of hlack hales

[
L

6.3.2009 CZ-SK Kogice (V. Simak)



Randall-Sundrum Gravitons and Black Holes at the LHC

K. Black
Laboratery for Particls Fiygsics and Cosmology, Marvard Cniversity, 15 Hammend Streer, Cambridge,
M4 US4

Medals pradicting the existancs of ot spatial dimensions offer compslling and novel selutions
to outstanding problems of the Standard Model. In such modsls, cur universe acists on a 4
dimersional brane embedded in & larger dimensionsl space time. By allowing gravity to
propagats in the bulk tho grevitationsl coupling could ke compersble with the other gauge
imteractions thus removing the hisrarchy problem. The phanomenology of these modsls could
heve dramstic chservable affects ar the LHC induding the production snd decey of grav itons
and mini Black hales. In this note wa summarzs fossibility studies for the dissavary of strong
grav itational mterscstions st the LHC.

[hep-ph] 24 May 2008

1 Theoretical Motivation

30072

In the last decade, a number of new approaches to solving the herarchy problkem have besn
developed. One of the most novel spproaches imvalves the addition of extra spatial dimensions.
The perceived of weakness gravity is postulated to arise from the fact that the gravity s allowed
B0 propagate into the extra dimensions while che rest of the Standard Moddl particles are confined
to the standard three spatial dimensions.

Randall and Sundrum?# ware amongst the first to develop such models, In the original model
there are two 3-dimensional branes embedded in & universe with cne extra spatial dimension,

The two branes sre separated by a distancs In the extra dimensicn which gravicy, but not the
rest of the Standard Model particles, can propagate in.

The model has a space tims metric given by

Xy 8l

F
Lt

de? = ek — dr) — (1)
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On the Stability of Black Holes at the LHC

-

M. D. Maia*
Universidade de Brasilia, Instituto de Fisica, Brasilia, 70910-970
&
E. M. Montef

Universidade Federal da Paraiba, Departamento de Fisica, 8059-970)

August 19, 2008

arXiv:0808.2631v1 [hep-th] 19 Aug

We conclude that the exterior gravitational field of a Black hole is not native of an AdSy bulk and
that the black holes produced by proton-proton collision at the LHC may be unstable. Nonetheless,
it is possible that in a higher dimensional bulk D > 5, the behavior of the black holes is stable,
This follows from the well known example given by tlw 6-dimensional flat bulk Mg(4,2), whose
metric is also invariant under SO(4,2), so that it has the same group of isometries of the AdSs.
Consequently, all arguments of the ADS/CFT correspondence which depend only on the Lie group
properties, can be extended without loss of generality to that flat bulk. By the same argument nsed
in the ADS/CFT correspondence, the quantum unitarity of the Yang-Mills fields is maintained in
the six-dimensional flat bulk.
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Top Production from Black Holes at the LHC

M. Mohammadi Najafabadi ! and S. Paktinat Mehdiabadi 2
School of Particles and Accelerators,

Institute for Research in Fundamental Sciences (IPM)

P.O. Box 19395-5531., Tehran, Iran
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Top Cmark Production from Black Holes at the CERN LHC

Andrew Chamblin,'+* Fred Cooper,®t and Gouranga C. Nayak®*
! Department of Physics, University of Lowtsville, Loussville, K'Y {9282 [USA
¥ National Science Foundation, Divieion of Physice, Arlington,
VA4 z2z230, USA, wed Sunda Fe Instituie, Sunda Fe, NM 87508, USA
¥ Department of Physics, University of Mlineis, Chicago, IL #0807 754

-y
— (Datad: January 30, 000)
~

_ Abstract
;_*_' LHC is expacted to be a top quark factory, IF che fundamental Planck scale is near a TeY, then
== we also expect the top quarks to be produced from black holes via Hawking radiation. In this
= paper we calenlate the eross sections fof top quark production from black holes at the LHC and

rl'-

,.'._. compare it with the direct top quark eross section via parton Iusion processes at next-to-next-to-
E leading ordar (NNLO), We And that the top quark production from black holes can b larger or
4 smaller than the pQCD predictions at NNLO depending upon the Planck mass and bladk hole
r"" mazs. Hence the chearvation of very high rates for massive particle production (top quarks, higes
:.5 or supersymmetry) at the LHC may be an usaful signature for black hole production.

_|_

- PACS mmnbers: PACS 04,70 Bw; 04.70.Dy; 12,38 Bx; 13.65.5i; 14.65.Ha

2z
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Top Production from Black Holes at the LHC

M. Mohammadi Najafabadi ! and 3. Paktinat Mehdisbadi =
School of Particles and Accalerators,
Institute for Research in Fundamental Sciences (TPM)
Py, Boxe 19395-5531, Tehran, Iran

Abhstract

In thecries with lange extra dimemsion and with low quamtum gravity scale near a TeV,
it iz expected that TeV-seale black holes to be produced in proton-proton collisions at the
LHC with the center of mass energy of 14 TeV. Since the Black holes temperature can be
around 1 TeV, top quark production is expected from them via Hawking radiation. Within
the Standard Mode] of particle physics top quarks are prodused via strong interaction in

tf pairs or via electroweak interaction singly. Therefore, black holes can b= the new source

of top quark production. In this article we present the total cross sections and transverse
momentum distributions of top quark produetion from Black holes at the LHC, We find
that the top quarks from black holes tend to reside at very high transverse momentum

region =0 it can be a very useful signature for the black holes at the LHC.
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Unparticle-Enhanced Black Holes at the LHC

I. R. Mureika
Department of Faystes, Loyola Morymount Universfty, Loe Angelze, CAd 300J5-2658
Emal: fmwretbndimu, edy

Abstract

Based on the idea that tenscr unparticles can enhance the gravitational interactions between
standard model particles, potential black hole formation in high energy collisions is examined.
Modifications to the horizon radins rg are derived, and the corresponding geometric cross-

sections of such objectz are caleulated. It i= shown that rgy increases dramatically to the
electroweak scale for masses Mgy ~ 1 — 10 TeV, yvielding a geometric cross-section on the

order of <50 pb. This suggests that unparticle physics provides & mechanism for black hole

formation in future aecelerators, without the requirement of extra spatial dimensicns.
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SYMMETRIES OF HIGHER DIMENSIONAL BLACK HOLES

VimcenT MoNCRIEF
DEPARTMENT OF MATHEMATICS
DEPARTMENT oF PHYSICS
Yare UnmvErsiTy, NEw Haven, CT 06520
VINCENT. MONCRIEFOYALE.EDU

JamEs [SENBERG
DEPARTMENT OF MATHEMATICS
UNmvERSITY oF OREGON
EvceEne, OR 97403
ISENBERGOUOREGON.EDU

ABSTRACT. We prove that if a statlionary, real analytic, asvmptotically flat vacuum black
hole spacetime of dimension = > 4 contains a non-degenerate horzon with compact cross
soctions that are transverse to the stationarity generating Killing vector field then, for
each connected component of the black hole’s horizon, there 1= a Killing field which
15 tangent to the generators of the horizon. For the case of rotating black holes, the
stationarity generating Killing fi=ld i= not tangent to the horizon generators and therefore
the 1mometry group of the spacetime 1z at least two dimensional. Owar proof relies an
significart extensions of our earlier work on the symmetries of spacetimes contalning a
compact Cauchy horizon, allowing now for non closed generators of the horizon.

CZ-SK Kosice (V. Simak)

62



The high-energy collision of two black holes

Ulrich Sperhake!, Vitor Cardoso®®, Frans Pretorius?, Emanuele Berti®, José A. Gonzalez®
1 Theoretisch Physikalisches Institut, Friedrich Schiller Universitdt, 07743 Jena, Germany
2 CENTRA, Dept. de Fisica, Instituto Superior Téenico, Av. Rovisco Pais 1, 1049-001 Lisboa., Portugal
* Department of Physics and Astronomy, The University of Mississippi, University, MS 38677-18]8, USA
4 Department of Physics, Princeton University, Princeton, NJ 08544, USA
5 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA and
5 Instituto de Fisica y Matemdticas, Universidad Michoacana de San Nicolds de Hidalgo,
Fdificio C-3, Cd. Unwersitaria. C. P. 58040 Morelia, Michoacin, México

We study the head-on collision of two highly boosted equal mass, nonrotating black holes. We
determine the waveforms, radiated energies, and mode exeitation in the center of mass frame for a
variety of boosts. For the first time we are able to compare analytic calculations, black hole per-
turbation theory, and strong field, nonlinear numerical calculations for this problem. Extrapolation
of our results, which include velocities of up to 0.94¢, indicate that in the ultra-relativistic regime
about 14 4+ 3% of the energy is converted into gravitational waves. This gives rise to a luminosity
of order 1072¢" /@, the largest known so far in a black hole merger.

PACS numbers: 04.25.D-, 04.25.de, 04.25.dg, 04.50.-h, 04.50.Gh, 04.60.Cf, 04.70.-s
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Mew Charged Black Holes in Frve Dimensions

H. Lii*, Jianwei Mei' and ©.N. Pope* 2

Vieorge P. & Cynthic Woodz Mitchell Institute for Pundamental Physics and Astronomy,

ora Teras A &M Umiversity, Collage Station, TX TVELS, US4
;‘I 2DAMTP, Centre for Mathemanoal Sciences, Cambredge Uninersity,
= Wilberforre Koad, Cambridge CHY OWA, UK
e
— ABSTRACT
e We obtain new stationaty charged solutions of Ave-dimensional minimal supergravity.
:'l_' We Arst obtain purely dipole charged sclutions, by extending a technique that we developed
E for Ave-dimensional Rioci-flat metrics in a previous paper, which could be viewad as being
: analogous 1o a four-dimensional construction by Demianski and Plebanski. The furcher
:I- introduction of electric char e is achisved by maans of & solution-generating technique, which
-?':':I exploits the plobal SLO2 K] symmetry of Bve-dimensicnal minimal sapscgravicy redoeed
| or & timeliks direction to four dimensions. We present this procsdure in detsil, sinee it
“"_:’ provides @ particulacly simple general way of adding charge to any stationary sclation
?'__':_ of flve-dimensional minimal supergravity The new charged solutions we obiain limic in
:_, special cases to black rings carrying electric and magnetic dipole charge, or oo charged
; Myers-Parry rotating Black holes, We analyse the peperal solutions in detsil, showing thac

they can describs asymptotically locally flat black holss whose horizon s & lens space
Lin;m) = 5%/T(n;m). At infinity they approach Minkowskiz /T{m; n).

@
L
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LHC Machine Startup

ATLAS Detector Status & Physics Startup Plans

CMS Detector Status & Physics Startup Plans

Perturbative QCD Theory

QCD Experiment I

QCD Experiment II

Electroweak Physics (Includes W Mass & Width, WW, WZ, ZZ
Top Physics (Includes Single Top & Top Mass)

Theoretical Modeling of SM Processes in Hadronic Collisions
Higgs Searches

SUSY and SUSY - Higgs Theory

Beyond SM Searches

Alternative EWSB and BSM Theory

Experimental Overview of Neutrino Properties

Theoretical Overview of Neutrino Properties

CKM Angles

CKM sides

Rare Decays & New Physics

Properties of Heavy B hadrons

Study of $\Upsilon(1S)\pi\pi$ and $\Upsilon(2S)\pi\pi$ production between $\sqrt{s}\sim 10.83$
GeV and $11.02% GeV
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Exotic c-cbar Resonances and Upsilon Spectroscopy
Light Hadron Spectroscopy & Charmonium

Heavy Flavor Theory

Decays of Open Charm

Review of Heavy lon Experiment
Theoretical Review of Heavy Ion Physics

Status of ILC Accelerator and Detectors

Latest Developments in Technologies for Detectors

ICFA Summary

Report from C11

Combined analysis of Electric Dipole Moments and Lepton Flavor Violating Rare
Decays

Review of Results from Pierre Auger Observatory, High-energy Gamma-ray Astronomy
and Neutrino Astronomy

Observation of the bottomonium ground state, eta-b, at BaBar

Concluding Inspirational Talk
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Download
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QCD Experiment |

Structure Functions

A short experimental history

~100 years ago

a-Au 40 years ago ep: partons
Geiger, Marsdan. (1909}
Rutherford{1911)
E«=5.5 MeV . 200 MeV
& [fm] ~
Q
10
[ ]
[ 1909 GMR
1 e
f 1955 Hofstadter .
a1
53 years ago: ep_ 10 @ partons 19 e 3
- T g - in erbiary unis 3
md__g%ﬁ“_i - 1968 SLAC . gi DIS ]
t -2 LN astis .
Eos250 MeV—1— 10k . . N
indicate a true radivs of 9.5X10~% em, B CERN, uN,vN 3 1o 5, 3 ; E
2 b —_— B N ]
= =1 “ ]
- 10 = 1 -mm ] \‘-f— Elastic -
: O M ra - S d
§. | \-\H\ =
: 10 : ' ' ~.3
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L 1 L L [polarised collisions since mid 70's] °© o 1w s 20 29

QZ [iGewe®]
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Leading Order picture of the proton
F2 le.ng.Ff = x ) [e} 2eqvq,v; +a2] (g+q) quarks
. 4
+Z Z ; v
F3 [-TF:;J.' ok | & 2x Z eqaq,v9aq| (9 —7)  (valence) quarks

q

F, Fi, = 0(~ zagg at NLO)
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4.9

— 2
opIs = FE — Clﬁpton—parton & f(m Q )
perturbative QCD l non-perturbative

Theory developed to HHLD
[Wvan Nesrven []. J.Vermaseren, et al)

factorisation

AT

Tpp—F5 = Cparton—parton & f{_:f-"u QBJ X f(L~ Qz}

|
E2

CM parton-parion

f(z,Q?) Evolution in Q2 calculable in QCD (DGLAP):
%fﬂim(éz} =) PR [z, Q)

a(z) ofz) q(z) a(z)
—’—eﬁ;(q —’—ﬂﬁfq 5;M55< mv@gu
g(1-2) q(1-2) q(1-2) g(1-2)
Pul2) Pulz) Pulz) Pulz)
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Coherent treatment of experimental effects in the average procedure (Lagrange multipliers method)
HERA I e"p Neutral Current Scattering - H1 and ZEUS

cg(x_{g:}

.8

oo -

1.4

6.3.2009

K= 002

—— HI1 2000 PDF
— ZEUS-JETS

J..

® HERA I (prel.}
o ZEUS
© HI

AR} ) =

- 1 s :
"'I'Iu'”m_('l'.'.""'zr .1_.{'.1)1

T
T r-"r_..‘

-

8

+
-]

o
b,

1153 individual NC/CC (HERA | data)
averaged to 554 points

HERA $ructure Functions Working Group

Improvements beyond the naively-expected sqrt(2): “cross calibration”
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Partons parametrized at Q,* = 4 GeV?
Experimental+Model uncertainties taken into account
Errors of the fit estimated using Ay>=1

H1 and ZEUS Combined PDF Fit

Q%= 10 GeV*

— ZEUS-JETS (prel.) 94-00

xf

s 1 T T T T
gl [ Q° = 10 GeV*

08 nncorrelated vncertainty _ 0.8 _ —HERAPDF 0.1
[ cerrelated uncertainty | i - €. UMCerT.
H1 PDF 2000 I:I maodel uncert.
0.6 _ B exp. uncertainty i

[ model vocertainty

0.4

0z

xS (x 0.05)

10 10 10 0 1 10+ 10 10 10!
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Longitudinal Structure Function F,

IE
o = FB(x @) - = Fix @

=0 for spin % partons in GPM
(Callan-Gross)

Ereit Frame

virtual Boson Quark Lines

Boson helizity =
—_— sl

HeBcity 1,2 quarks

Fr(z, Q%) ~ asrg(x, Q?)

Altarelli, Martinelli, 1978

0.4

0.2

Fundamental form factor of the proton

Proportional to the gluon, important for PDF's
R=or/or = (Fy — 2zF))[2aF; = Fr/22Fy Discriminate between theoretical approaches

—rrrrrlrl'rlmrrrmrrrn'rrmrrrrrrr
Q=5 Gev”

\, —— NLOfit
Yy —— NNLO fit
% — resum fil
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F. averaged in each Q?bin

H1 Preliminary FL

{G—h
o o — H1 PDF 2000
1.5 e HI1 (Prelim.) -- CTEQ 6.6
= - E, =460, 575, 920 GeV -~ MSTW
L. s
Txs5888 5558 558888 558 38¢
0.5 2
L - __i___ _é e T =
bttt Tk
N e (R
o— ® 2.
I8 - Phys.Lett.B665:139,2008. > 1 g
: -, .DN
| i ) | [ i Il i [ i i1 | [ i | i [ i j i |
-0.5
10 107 10°
Q?/ GeV?

Work ongoing to extend to lower Q?/x: test QCD, resummation, gluon

CZ-SK Kosice (V. Simak)
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1

Jets production at Tevatron

= 25T / sqr(s)

0.2 0.4

inclusive |ets: Tevatron Fun I

Impressive achievement in energy scale control (1%)

g [ul:] i
E—| L Jy|<iD4 — -
- e Sensitive to gluon at high x
- S E Precision with present global fits
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W asymmetry at Tevatron

du—sW-  ud—w*
w- w*
Awly) =
s—antiproton  proten YW

Use charged leptons (2 E, bins)
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Electron pseudorapidity

6.3.2009

-- . My
( . = ﬂlirz T = —— :yu,
d J W \/E [
[

0.002 < z < 0.8(1)

W full reconstruction
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CDF Run Il Preliminary | L=1fb"
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=== NLO Prediction(CTEQE.1M)

PDF uncertainty(CTEQS.1M)
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Expect to improve PDFs improvements at high x
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The proton spin

Polarised lepton beam, polarised (H,D,...) targets

1 i N . Y 1 p — — % — 2
T = 5[:.57" —0 7)/2 =gV (2, Q7) = 5 Z(‘ [iq-""'[;r.(}‘] —+ ﬁq-”"’[,e.‘.f,}"”
v o
=) L © HERMES (Q° < 1 GeV?)
RS HERMES (Q® > 1 GeV?) ' AY — Ag ~ 0.33
0.05) + SMC (low x - low G?) # = qg—=Uu.
0.04} : 1 1
§:§&E+LE+AG+LE

SMC ‘g i
E 143 |+
E 155
0.02F % g
0.01}

e okt WOFT

*0.03t . compass

Level arm in QF not large:
gluon contribution not constrained
=> semi-inclusive data

Use final states and angular distributions to
further pin down the spin
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Gluon contribution to the spin

Understanding the gluon is crucial for the proton structure
Extracted via semi-inclusive processes: meson production in polarised DIS and pp (RHIC)

Global pol-analysis: extract polarised PDF's P e rtaen
|=_ IPLIL IR LLLI P == P “.:] T T 1T |f 03 m 1 : EE:::‘:S;I;?::#J;” [, prel, o204
:/ #'Xﬁg arXiv:0804.0422 .h : s E L HERMES Bn!;‘&‘"igh " hg.-;mi a0’ pral
i L= 5 0.8 ] SHIE, highp,, 01 [Geble
B 1 5 GREY a1u®-3 FaaMic)’, ta, momen - 0200625
B 2y \ i 0: '{] 0.6l -— fit wigh A0, p=3GeWe)

- _-_‘_..#"H -, \ ] e — it with 40«0 - MGe Vi
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E 5 0 -0F
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— - -0.1 04 |
- — — GRSV max. Ag . ask .
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E 1 syl cornnd L fand - 0.8

L E | |
10 10 X 1t ] L1 1 1111 l L
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Extreme options now excluded
Extend x-range in pp at RHIC
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Precision tests of QCD
with jets and vector bosons
at HERA and TevaTlron

Ve PP
high E*".”'t', where new physics might show up (and sensitive to g PDF at high x)
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® highest reach in energy and

0.5 probe of hard interactions at shortest distances

CDF Run 11 Prelinisary

= 1
1
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NNLO calculation describes the shape, but not the
normalization (rescale cross section by 25%)

':-5;,- 10"jg D@0.98 1o - ResBos E‘ - D@08’
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PRL 100, 102002 (2008)
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Electroweak Physics Tevatron Experiments
R Channel Events/1fb™
7_"' |||||||| EF DO 1.1 W lv 5M|
i Burkhards, Pictrzyk 2005 | [ y¥dof. = 10.6/14 [V Z— |l 500k
\oF 05 - I Wy— vy 32000|
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Rhad [ | | .5
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L it v Com.Dows 1
o0 N O CRYSTALBALL ] « small changes in Tevatron combination of Mwll“ (few MeV)
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Ehe NewJork Eimes

Sunday, August 3, 2008 Obltual’les
WORLD L8, MY, REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SFORTS
Standard /."’“7“_ ) Multimedia

Model, is dead |:@ | '|
at 41 N T

By DEMHNIS OVERB Y S

. '] ] .,
Adlter a successful career in “m--.:.,,_ T
describing electroweak Pt "

measurements up to few R

hundred GeVs, Standard s

. H AL
Model dies after the g ALY N t Phutngraphs
thL’U'\.‘U]'}' of ... " - ‘:l H " Notable Deaths of 2008

Physics Feports: Volume 427 No: Aregularly npdated dide =

Thousands of HEP physicists
. 56 (May 2006 257-454

cheer at the news some of those who passed

scene this year,
T Murdarh Ritrhia Wha TTead Tavin ta Trara Marwva

Just kidding.....

P m =154 Gey

While waiting for the new energy
regime of LHC

Tevatron continues to produce 3
new results:
» expect improvements on M, which

will further constrain the expected
value of M, 30

» large dataset and new techniques allow measufiements
which can be helpful to constrain PDFs and event
generators needed for LHC

100 300

Measurements of R in e*e’ collisions at low energy could
become the next bottleneck in the indirect determination
of M,

6.3.2009

Electroweak Fits - Limits on MH

M, = () Gev 6 g
o (M_2)=0.1186+0.0026
st Z 5 — 0.02758+0.00035 ]
Aaﬁ}had= 0.02758+0.00035 =+ 0.0274940.00012
_ 34 4 === |ncl, low Q° data 1
M, =843 )
x2=17.3/13, grob=18% F 3 1
M,<154 GeV|@ 95% CL 2] i
with theory driven value of 1] ]
Aa® =0.02749+0.00012 Excluded 3 Preliminary
had 0 ;
M =93+31 30 100 300
H -24 my, [GeV]
See next talk Impact of uncertainties on M:
for updated Z\M. =il GeV AM,, = +9/-8 GeV
value of AM, AM =125 MeV AM, = -13/+17 GeV
ha®,_ =+0.00035 [AM_ =-15/+17 GeV

ICHEP 2008 w-"'l"_‘l — .
Impac! of Tevatran Higgs Searches i = . T
g H fitter [
| i
Irdml s Z i
i = ] 4
e z 5 B
TH s
= i 2
3, (= 5 3
g - o - ]
E d / - —Fit incl. theory errors |
E N - Fit excl. theory errors |,
£ E
. -_—
: g Direct Higgs searches
2B +* Interpretation
B [ CL, interpretation E
' =h i
g Sl

160 180 200 220 240 260 280
M, [GeV]

a0 100 120 lm

150 17
M, [GeV]

Electroweak fits prefer light Higgs....
Extensions to more complicated models (2HDM, SUSY),
including other observables in progress (Gfitter)
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Cross section (barns)
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Cross Sections at 1.96 TeV
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DJ Preliminary (1-2.2 fb ™)

Multijet & W+jets

Other EW & tt
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N+hAv
ULUIICI

— Fermiophobic Higgs

— At lower mass large BR(H—>W)

DCNA
DIOIVI T'1]
. D¢ H—)'Y’Y benchmarked as SM searc

L

J2

gS
h

nEvents/2.5 GeV

~10%
— Ke issue: understanding QCD
Other nggsSea hes
roun

. uses excellent

WW also SM), charged Higgs,
aﬂorlme gEI" ) ® 58

gecays to and from top...

Babar: A°—yy, invisible light Higgs decay

» Photon+Missing energy in Y(3S) decays

» Key issue: e+e-—yy background /; et

» Form,<7.8GeV
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SM Higgs: H>WW :}{

¢« HWWIVlv - signature: Two high p; leptons
and MET

— Primary backgrounds: WW and top in di-lepton decay

channel
1/~ =~;-~ '\"~'=m=j-‘“ epton acceptan

1“1_—
3 e on of acce tan
u —+ 52 P

W = Comblnatlono Eand NNW

\Y

Spin correlation: Charged leptons

go in the same direction

AGAID v
6.3.2009 CZ-SK Kosice (V. Simak) 87



SM Higgs: H>WW

e Most sensitive Higgs séarch channel at the

— Bg (pre-fit) CDF Run Il Preliminary r L=30m"
o — —— Bg (Bg Only Hyp) ’
=100— ee, eu, D® Run Il Preliminary 2|
§ - e B L=3fb"! Bg (S+B Hyp) 10 - oo HWW Exm;mm:::
TR I | i Signal m =160 - " —— HWW Observed
80 | . e Data
U L S S —
n
60
10
40
200 e e NG e
Standard Model
0 L 1 _'u"'i"i"'|"'|"i'"|"'i'"I'"}"i"'u'"i"i"t"i"i"'|"'i"|"'|"'i'"l"'l"'l PR E N A RN I RTINS NATIAT I IR
0.5 0.6 0.7 0.8 0.9 1 110 120 130 140 150 160 170 180 190 200
NN Output Higgs Mass [GeV/c?]

Results at mH = 165GeV : 95%CL Limits/SM
Both experiments
Approaching
SM sensitivity!
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ac CAarmna Fa
MITHIC

CNA L,
JIVII_II DbUII

Limits calculating and com

Al irmi
G Limi

» Using Bayesian and CLs methodologies.

» Incorporate systematic uncertainties using pseudo-experiments (shape and rate
included) (correlations taken into account between experiments)

» Backgrounds can be constrained in the fit

CDF Run Il Prellmmary L 1.9- 3 0 fb

= — . — = LD@Preliminary. Li=1.0:3.0.00 .= Obscrved Limit ...
LEP Lum[ ® SM Higgs Combination ensts Expdoted Limit
% Expected ‘é’ """"" 5 T Expected #1567
é = Observed 3 . Expécted +2-6
a3 R B o 3 '
® ;
U'p]
[y}
QY AR, Standard Model = 110
A SM 1 ':iﬁ:::l. ...... Ay
J‘ul‘ 31 mos i 1.1 1 1 I Lol L I L1 1 1 I 111 I.i--‘l‘“l‘ 11 | 11 1 I.-i.nl-ul. 11 I 111 1 I 11 I”‘I’"i“.I"-I“>I-“;"
100 110 120 130 140 150 160 170 180 190 200 1007110 120 130 140 150 160 170 180 190 200
mH(GcV/c ) my (GeV/c?)

Low mass combination difficult due to ~70 channels

» Expected sensitivity of CDF/D@ combined: <3.0xSM @ 115GeV

6.3.2009 CZ-SK Kogice (V. Simak) 89



Tevatron Run 11 Preliminary, L=3 fh?

S L LA B DL B ELELELELE AL BN
% """ Expected High mass only -
b= Exp.1.2 @ 165,14 @ = Observed '
S 170 GeV I +lo
d 10 ¢ Obs. 1.0 @ 170 GeV - *2o E
B
LT
=
1
Junly 30, XO08 }
155 160 165 170 175 180 185 190 195 %DD
m,(GeV/c™)

SM Higgs Excluded: m, = 170 GeV
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1-CLs

CNAN Wisrrse ArmhhhinAatriAan
AUVI FIgES LOIMDINAuoOr
s Result verified using two independent methods(Bayesian/CLs)
B Ti_zvatron Runll rel:mmary — 1 CLS Observed o Lo
PSR Ml s ¢ . e 1-CLs Expected 95%CL Limits/SM

Expected +1 CF
5 Expected +2- CF

95% CL.

90% C.L.

195 200
my; (GeV/c?)

SM Higgs Excluded: m,, = 170 GeV

a  We exclude at 95% C.L. the production of a SM Higgs boson of

170 GeV

6.3.2009
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Generation of Mass in the Standard Model :

Spontaneous Symmetry Breakdown

Particle Masses arise through the Higgs mechanism: Spontaneous
breakdown of gauge symmetry

SU(3). % SU2); » Uy — SU(3)e x U{1)em

A scalar field, charged under the gauge group, acquires v.e.v.

A

V(H) =miH'H + 5 [H*H)

Therefore,

.#'H’r o\ — "”'l'?f
{ y=-=t
the v.e.v. of the Higgs field is fixed by the value of the negative mass

parameter,

Problem: The mass parameter is unstable under quantum corrections.

Minimal Supersymmetric Standard Model

SM particle SUBY partner Gsm
Essential Ingredient:

v 47 _ Superpotential: gauge invariant,
(8=1/2) (S__T 0) analytical function of chiral fields
Q=(t.b)L (t,b)1 (3,2,1/6) (renormalizability: polynomial of
L=l 2 E]L (1,2.-1/2) degl.‘ee three, no hermitian

R c - P conjugates)

U= (), &, (3,1,-2/3)
ol T 5 9% T P
D= [b‘ ); I{R (3.1,1/3) P(a) = DA 4, +T4 A4,
E=(19), Iy (1,1,1)
Yukawa interactions derived from it
5=1) (S =1/2)
s , 19*P(4)

B{! B_ l\.l..l 0) 39404, " h.e

W, w (1,3,0) — Ak Wy Ak

G q (8,1.0)

6.3.2009

Why Supersymmetry ?
Helps to stabilize the weak scale—Planck scale hierarchy

Supersymmetry algebra contains the generator of
space-time translations.
Necessary ingredient of theory of quantum gravity.

Minimal supersymmetric extension of the SM :
Leads to Unification of gauge couplings

Starting from positive masses at high energies, electroweak symmetry
breaking is induced radiatively

If discrete symmetry, P = (-1) ***** is imposed, lightest SUSY

particle neutral and stable: Excellent candidate for cold Dark Matter.

supersymmetry

fermions «— ~___— bosons

PARTICLES THAD
MAKE UF MATTER

FAATICLES THAT
MEDWIE FOPCES

CIANRK ELECTRON PHITON GLUON HIGGS
FARTICLES
THECRETICAL
PLANE DNWIDING
N ‘ ‘ é

SPARTICLE" ~SOUARK" “SELECTRON" e WA bl e - L =HIGES MO

Photine, Zino and Neutral Higgsino: Neutralinos

Charged Wino, charged Higgsino: Charginos

Mo new dimensionless couplings. Couplings of supersymmetric particles
equal to couplings of Standard Model cnes.

Two Higgs doublets necessary. Ratio of vacuum expectation values
denoted by tan 3
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Unification of Couplings

# The value of gange couplings evolve with scale according to the
corresponding B equations:
)+

1 by
Q) l“'[
# Unification of gauge couplings would cccur if there is a given scal
which couplings convergs.
1 bbby 1
az(Mz) T by — b a1(Mz)

1
oy [ Mz )

)

Mz

s

)

by — by 1
by — by aa(Mg)

# This leads to a relation between aa(Mz) and
sin’ B (Mz) = i ™ [ (of™ +o8).

Results
by = —6—3Ng/5, by = —Ng, by =3
1o (Mz) = 60 1fog (Mg} =~ 30

In the sbowe, Ny i= the number of pair of Higgs doublets. With these
results we can compute the strong gange coupling at Mz

1
g (Mz)

15— TNy
T 354 3Ny
The result depends strongly on the mumber of Higes doublets, For Ny
aqual to zero, we get oy (Mz) = 1/18 =~ 0.056. For Ny = 1, instead, we get
ceg( Myl 220,120 1! Excellent prediction !
For Ny =2 we get, again, a very bad result ag(Mz) =~ 1.
Fmally, for Ny =1,
Mg = Mz exp(30 » 2r x (6/28)) ~ 1015GaV
Grand Unification scals is very closs to the Planck acals, sugresting a
" iified description of particle interactiona.

|

MSSM:
Unification at cqyre = 0.04
and Moy == 100% GaV.

£ ]

o

a

e
[T — ]

[

N :

O O

] =)
Experimentally, ap(Mz) = 0118 £ 0.0 o\ oo, ok
in the MSSM: aa(Mz) = 0.127 — 4(sin® fw — 0.2315) + 0,008

Remarkable agreement between Theory and Experimer|

6.3.2009 CZ-SK Ko$

Threshold Corrections

'd The unification prediction depends strongly on the supersymmetry particle
Mass spectrum,

ag(Mzg) =~ 0.127 - ag[:ﬁrfz}hl (
) The threshold scale does not correspond to any particular particle scale but it
may be approximated by 3j2
J‘fﬂ
Tsvsy = |p| | 77

Tsvsy
Mz

M
where Mi are the SLK2) and SU(3) gaugino masses.

d Maive unification may be obtained for threshold scales of the order of | TeV,
which are easier to obtain for 2 smaller ratio of the wino and gluino masses
than what the simplest modeks predict.

'Y In these models the predicted value of the strong gauge coupling would be
somewhat larger than the experimental value, and this variation must be
compensated by thresholds at the GUT scale.
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The Soft SUSY-breaking Lagrangian for the MSSM

Looft = _él;_.ug,;}g + Mo,WW + M,BB)

—??%QTQ —m§ Ut — m%bfﬁ — '.rnii-fi- — ??E%ETE
—my H{Hy — m3, Hy Hy — (WBH H3 + cc.)
—(Auh UQH3 + AghaDQH| + Ajhy ELH,) + c.c.

Trilinear terms are proportional to the Yukawa couplings
—> induce L-R mixing on the squark sector once the Higgs acquire v.e.v.
mixing proportional to fermion masses: relevant for 3rd generation

B —— soft SUSY breaking paramete determined from condition of
proper EWSB

Cosmology data <« Dark Matter <« New physics at the EW scale

Evolution of the Dark Matter Density Being produced ¢
and annihilating
o . o (T>m,) Interactions
» Heavy particle initially in thermal equilibrium / suppressed (T<m,) .
L] y X.

= Annihilation stops when number density drops

H>T, ~n,<0,v>

= i.e_, annihilation too slow to keep up with
Hubble expansion (“freeze out”)

* Leaves a relic abundance:
1

2 -
Q= <o,v>

Ngq
biolb and Tumer
bvevnt

100

-

If m, and 6, determined by electroweak physics,l - .

w0

x=m/T (time ~)

o,=~kol /mi~afewpb thenQpy, h2~0.1 for m~0.1-1 TeV

Remarkable agreement with WMAP-SDSS —>| Qepyh” =0.114 10.007| lower

If the messenger scale is significanly

JSY Breaking and Flavour Changing Neutral Currents

Two particularly constraining examples of flavor changing neutral
currents induced by off-diagonal soft supersymmetry breaking parameters

Contribution to the mixing in the Kaon sector, as well as to the rate of
decay of a muon into an electron and a photon.

While the second is in good agreement with the SM predictions, the first
one has never been observed.

Rate of these processes suppressed as a power of supersymmetric particle
masses and they become negligible if relevant masses are heavier than 10 TeV

L / S—p—— — - = ——p-—d
H g € ] d
u— N o gk €
—p» boogaal p
i ——— - ——-
BwW®Y d d & s
H —e 7 j’{ﬂ — KO

The Gravitino

When standard symmetries are broken spontaneously, a massless Goldstone

boson appears for every broken generator.

If the symmetry is local thesebosons are absorbed into the

longitudinal components of the gange bosons, which become massive.

The same is true in supersymmetry. But now, a massless fermion
appears, called the Goldstino.

In the case of local supersymmetry, this Goldstino is absorbed into
the Gravitino, which acquires mass iz = F/Mp;, with F' the order

parameter of SUSY breaking.

The coupling of the Goldstino (gravitino) to matter is proportional to

ll,r"F = ll,r';(m éﬂ-f pr ), and couples particles with their superpartners.

! \
Cig J\Fi‘

me=F/Mp <« m N ——
e / Pl soft Ar Mo

than the Planck scale, the

gravitino is the LSP !

6.3.2009
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But if Higgs elementary scalar quantum corrections drive my up Need a mechanism to keep v and Mp separate.

------ Q i::? New physics at A ~ 1 TeV is:
Sm2 ~ 1;22 A2 Weakly Coupled Strongly Coupled
m
_ e SM with a light Higgs e Technicolor, Walking
o We r.1eed =mp S 11;_9\/ e SUSY (MSSM, NMSSM, Technicolor
o Butif A — Mp ~ 107 GeV, unnatural Folded, ...) e Topcolor, Top See Saw
= Gauge Hierarchy Problem o Little Higgs, Twin Higgs e Composite Higgs
) e LED, UED e Randall-Sundrum

Analogy with QCD:

@ New Strong Interaction: Technicolor

o Strong at My < Mp o Need Extended Technicolor (ETC):
o Breaks Electroweak symmetry:  (FF) # 0 Grre O Gra with Appe = Ao

TC Problem |: Fermion Masses

2

my ~ SEIC (FF)
Alﬂ'['('

2 o Needs Walking (Walking TC):
'; For heavier fermions (e.g. m¢, m:) needs to enhance (FF)

e But m; requires Agre too low
= Topcolor, Top See Saw (Hill, Dobrescu)
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Strong Dynamics at the TeV Scale TC Problems Il: Electroweak Precision Constraints

TC Problem I: Fermion Masses

@ Need Extended Technicolor (ETC): MW.WM
GETC‘. D) G]_"C‘_ W|th A]{:']‘(:‘_ e A']"(:‘_

2
m ~ SEIC (FF)

2 : : :
Nire o E.g. Techni-fermions give
o Needs Walking (Walking TC): N
For heavier fermions (e.g. mc, m:) needs to enhance (FF) S~ o
™
e But m, requires Aprc too low
= Topcolor, Top See Saw (Hill, Dobrescu)
e But
S=P- < 0.1

AdS/CFT Correspondence (Maldacena):

Metric in extra dimension = small energy scale from Mp

o Originally: (Randall-Sundrum)

AdSs x S° String Theory « A = 4 4D SU(N) Theory (CFT _

5 g ry «.J (N) ry ( ds2 = o2kl -r;“”dx#dxv . dy2

o In general: Assume 5D theory in AdSs « 4D CFT
(Arkani-Hamed, Porrati, Randall)

Need A assy 7 Corrections to m;, OK
o e 2 - If Higgs close to TeV brane
g N>1
. . . Planck TeV Need Hi IR | e
to ignore string corrections. ” o M, it eed Higgs ocalization |
e = Holographic dual is 4D strongly coupled theory '_/{;,’/ /,/'/
e ——— L =
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SU(ZJL x SU(E:RX (1)

Metric in extra dimension = small energy scale from Mp
(Randall-Sundrum) Light ' Higes Models of
Fermions T o EWSB and Flavor
d52 = 6_2N|y| 'ij/dX#dXV — dy2 (Tb) Higgless
//T,_./ aas. Corrections to my, OK 0 -
’ 0 If H|gg5 close to TeV brane e EWPC: T OK, but S ~ NIJ'{T\' at tree-level
- Flanck - e Myt Need Higgs IR localization Mgk = (2 —3) TeV
'.;,J""'/ /// o Z — bb require discrete symmetry (L — R)
T (Agashe, Contino, Da Rold, Pomarol)

e Potentially important bounds and/or effects
from flavor violation

Higgsless RS Bulk Models (Csaki, Grojean, Murayama, Pilo, Terning)

@ Boundary Condition breaking
SU(2) x SU(2)g x U(1)x — U(1)gm

o IR localized mass terms = fermion masses

e Kaluza-Klein modes of gauge fields unitarize amplitudes.
= KK modes “light”: Mk = 1 TeV

@ Phenomenology in the Gauge boson sector:

o V| V| scattering

o Sum Rules

@ Corresponds to Walking Technicolor Models
6.3.2009 CZ-SK Kosice (V. Simak)
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Experimental Neutrino Physics

8in%0,4
Vs &’mﬂ]ﬂm v, 2725 }A1n2
sol
" Ve 41
Am?,
ey e, i |=0(
WA ’ Ur Vs
V////////mm sol v3®]ﬂ]}]}]}]}]
sin®0,;

A. BRoss (FMNAL)

Future Facilities — What's © ?

f\m MJ’ (1SS, EUROSOL, FNAL Steering Group)
\Super-beams| in US/Japan (2-4 MW) E;_
Examples: "/ ,,{
Project-X -> DUSEL / JPARC —> Hyper-K )

120 GeV fast extraction spill — - -

8 GeV extraction 1.5 % 10 protens’] 4 sec R

| second x 2,25 x 10" protons/1.4 sec 2 MW nch Fatatien

200 kW _ ang e L

hecyeler r—{ )
PROJECTX e plses TS e
8 GeVW H Linac

SmAx | mscex 5 Hz Stoppang Foal ¥

.6 GeV 0.6-8 GeV ILC GeV - 15em .
FomEnd  SyleLume e Existing at CERN —~
Litac e
i v T DECAY
Worldwide R&D program Proton | ! RING
driver
on large WC and Lar
d Et ECto rs. ;I )Ilullill I::-‘Jn "
Mew RFO D : :
If possible make neutrinos part of - D v
the larger vision and program. '

[ ."\.
¥ ] V)
pse Q| ¢ @
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Atmos Oscillaions
0 0 (1 03136 () &9 (
0 g s 0 1T s ¢ 0
=8y -Slgﬁw ( {1y 0 01

Solar Oscillations

if

i = 08 by

What is the absolute mass?

What is the pattern of neutrino
masses?

Are neutrinos their own anti-
particles?

Is there CP violation in the neutrino
sector? Is it big enough to drive

lepto-genesis and is it related to the
quark sector?

What is the value of the final
unmeasured mixing angle, and is the
atmospheric angle maximal?
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Solar Glabal KamLAMD
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Putting it all together-...

We now have a
consistent set of
experiments. Currently,
the precision is at the
2-10% level.

The next experiments

will hopefully get us p:'_.f
close to the 1% )

precision level.

We also hope to add
info on directly
measured absolute
mass to this picture
along with the
unknown mixing
angles.

All of these techniques
must work together.

Chris Walter ICHEPOS

LZ->K KOSICE (V. SIMaK)
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Part B
Unparticle and Vv’s

Basic idea of “unparticle” physics (H. Georgi 07; Banks & Zaks 82):

B | - | DTN
ﬁ E operator \ /

messenger M, O O (dg _db;)
S5l Cz/( Au .
—

. a
| selemeriantetor My

Osm @y

High-energy scale Intermediate scale Dim.-transmutation A
First application to V’s (S. Zhou 07): )\ij A O
ViV, Vi |z =y ol MR
A U U
U + Li et al 07; Majumdar 07;
/\ - Anchordoqui, Goldberg 07;
* e )\ J 7 Montanino et al 07; Balantekin,
: : dy,—1 6163 Ozansoy 07; Gonzalez-Garcia et al
Neutrino decay v-€ scattering, . §ic§/fv Simak) 08... 100




Cabibbo-Kobayashi-Maskawa

Matrix

- W

- -
-

- W

V;J,d Vvus Mlb
Vr;d', Vcs Vub
Viae Vis Vi

b—r—'\\ # b—b—\\ ~ @
QVuh U gv;:b

c

|V |2 Measure magnitudes from rates:
] Francesca Di Lodovico’s talk next

—iArg(Vub)

Measure phases through interference: CP violation (this talk). Need at least
two amplitudes, e.g. 2 decay amplitudes (“direct CPV”), or decay and mixing

Common Definitions

t=0
CP violation in interference between (BO)
decays with and without mixing Afo
A =
— 4 “‘for e— amplitude ratio =N .t)
Afer = NP
Af = @e@_
_ P o) e
CP eigenvalu 4 ~ ¢ 29c»¢— CP phase B? fer
Nep=x1; dcp= By
Time-dependent CP Observable: 1-|2¢, 12
— 7 = 5
T(Blys (1) = fep) - T(BY, (1) — fcp) Tl A |2
Afcp (t) = =0 —2Tma
T (B (1) = fep) + T(B gy, (1) — fep) > 2
=Cg, " cos(Amp,t) + St -sin (Amp, t) - 1+|hs, 2
6.3.2009
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| Unitarity Triangle

Unitary mixing matrix: 4 parameters (c./. MNSP mafrix in neufrinos)
For quarks, conventional Wolferstein parameterization:

A, p,n~0(1), A=sinf, 022
Wk Vi Wl 1- X2 N A (i)
V= Vil Vs -A 1-)2/2 AN + O\
Wl Vi AV - (i) -AN? 1

VuaVyy + Vcd" o + VzaVy, = 0 : unitarity relation for B, decays
ViaViy
VudVy,
Vchcb

(p,mM) o = arg [— ] : interfere b—>u & mixing

] : interfere b—¢ & mixing
Wd‘/ﬂ,
Vauad V3,

ub | - interfere b—u & b—~c¢
VeaVy,

*Fundamental parameters of the Standard Model
*They cannot be predicted but can be measured

e e e
(A A e A
ud vV K AY) B ub Y
n
P T N T
e’ e e
D=
~ g ~3D
Vv V
td /_/ ~_ " - th W
Bd Bd Bs B5 t
\ T~ - b/
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T
i

0.5

=]

QA

-0.5

—

-1

—

Angle-only measurements (UTFit):
p=0.120 + 0.034
= 0.335+ 0.020

—

1 =0.360 % 0.023

19
0 " * -
‘ sin(2B+y) from BO=>D®x, DMp
i
o  Interference between CKM-favored b—c and CKM-
et suppressed b—=>u transition: sensitive to y. Mixing adds
) o ) . .
- bt phase 2. CP asymmetries proportional to
d i Dy = ABY D) <<
e i) = A(B D=ty
< Do
W E_Ej d a = 29 Sin(?ﬁ —+ "() @S <+— strong phasa
) by . Measure —
BO : T ¢ = 2rcos(20+ v)sind
d d
a parameters D= [HEAC)
PRELIMINARY =
BBE e | L OUwEOG 0| 008 o . L T
x Egl\:\gm P : 0,050+ 0021 £0.012 C(D J'I.') HFAG average New results from
ﬁé«s;ag's | 0,030 £0.017 Belle @ ICHEPO3
""" B e OO0
2 Bole e ] oxssomronns 4o significance for
a ,:Fu:éag; “ 0,059 £0.017 CP violation mm D¥x
- N U R
g PRD 71 {2005) 112003 i i ] .
& ey e | 007000082 New constraints on
& Avenge i @ 0. r(D()m) & (D(*)p)
""" BaBer ( % * 02850.051 £0.000 in BO>D ™ p=2%
& R:::g‘im]‘mm 0,024 +0.032 a(D¥*m) from Banar
HFAG
-03 -0.2 -01 a 0.1 02 bo4 008

T /]
T F /
[ Amg /’.’Am‘-‘
5_— F =~ ‘////
T _:_Ti_” Tt
[ Ve
G_
5|~ )
[ /x
-1_ ,I" Jr.r
T B SRR N R R R R IR - e
A 05 0 0.5 1
P
Other constraints (UTFit):
p=0.175+0.027

Ima,

a
8
5
=
w

qm
of- g T
Rl __ __ -1
2 Bl 2
2 -1 o 1 2 3
Re A 0y saeee| T\ e |y su| 30N
a (B Bi)= N7 (B M) By)

Agreement with SM at 1-2c level
Largest deviations in f, and B=7tv

Summary

* High-precision measurements from the B-factories

and Tevatron

a Overall, excellent agreement between sides and angles of

the Unitarity Triangle
%~ But a few tantalizing hints

a Nontrivial constraints on the flavor of new physics

« Stll statistics limited
# o(p) ~ 2°; theory errors below 1°

% ofa) ~ 10°; limited by measurements of penguin pollution

& o(y) ~ 15°; limited by statistics and modeling of D° Dalitz
structure (CLEO-c to offer improvements)

% First measurements of CPV in B, decays hint at SM deviation

CZ-SK Kosice (V. Simak)

102



IV VIV, |from B, and B mixing

b 2 2
gn = BO Am m. . BV
s d Slow oscillation 2 =
B° : BC Fast oscillation Am? def Bd |V |
/dZ‘ b Theoretical uncertainties reduced in the ratio
J March 5, 008
5 CDF Run ll Preliminary L=10M" y D2 Runll P Prelimi y-‘[Lfill=2-4 "
'§ E o+ gaatio 4 95%CLEmA  17.2p" —+ d ata 1((1 ot} E
%_1.5 :— 18450 sensitivty 41,3 pst [ | data+ 1.6450 (stat) Fl
E  4f M daa: 16454 i I clata + 1.645 (1ot) un
< - data + 1,645 o (atatl only) ‘ r
"R }{lHIﬂ ”lln”ll”l “I

=
uu

s

£ “EAm_ = 18.53+0.93 £0.30
° 5;\.m3 =17.77£0.10+0.07 —e-- gensitivity: 27.3 ps™ (tot) %
-1.5F
- CDF Phys. Rev, Lett. 97, 242003 | ... Do N_Qt?,55,1‘8 e L
20 5 10 15 20 25 30 35 % 1 0 = Jo
amy (ps™)

am [pe]
IV IV, | =0.207 £ 0.001 +0.006, ~ for(f,/B,)/(,B,) =121 004

arXiv:0807.4605 [hep-phl

Impressive amount of work done!

/ESVM/VUE, 3V IV avub/\/)

0.03% | |0.4% ~8%*

avcd/Vcd 8Vcsf/vcs avcb/Vcb

5% 11% ~2%*
OV V) (Vi V) OV IV,
~3%, ~15%

* from inclusive measurements, but better agreement with exclusive required.
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Pﬁhf‘ll |cir\n
CUTNCIuSIOri

e Results start to probe NP but limited by statistics:

B = 1v, A, isospin asymmetry
e B (B—Xsy) strong constraint to NP

e AS puzzle may no longer an issue.

e Need an order magnitude more luminosity
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Bottomonium spectrum .. until @ few days ago

H] = mmsag Renns ARE) AaRs]
g BiBix
r oy prelminary
. \
FE o
1
30 years later... : j -
1 .
T49) b i 0 0 0 l
] \JEG
- o 9388.9"3A(stat) + 2.7(syst) MeV/c?
mmm Tl ) B

TN TP ) e (1) confmed and ,1.29) N
L W e chre Y(1S) - n, hyperfine splitting:
mEmm - 1 ] +2] + 2
W8 B = BelowBB sevealtaes oy 71.4_3.|(S[ﬁt) - 2.7(8}&9'[) Mev/ ¢

h(1P T 1l 1P) ) ohserved: 3 Sowave ), 2P
s b ate 1), Devave etc.. Y(35) =, branching fraction:

- ! Among them, the ground state, 48+ +12 X | -4
-.-} J)TS)‘/ the n,(15), expected befeen [ 82 O'S(Stat) - (SYSI)} 0
”;@ 35-100 MeV below the 1(18)

Swae P-wave
Beob b
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ivioae EPE[ Nt L”ELKb for NP
i T — 1 B(I{ ) \ "B(I{-I_“ ) 0 || QB(I{D"TD)
T +.-'l | op "_+ Y — = P e
Ar.]rl.h ‘|‘A jrlh |B(I{+T )T—I_ A J.r|h B(I{_I_T )T+‘|_A J.rlh B(j—{+¢ )

B+=> KO+ B0— KO 70 - _
W %

Sum rule

St
=

B BELLE a
& ,
Caen " HFAG AVG: -0.01 % 0.10 /s _
P :

P dominants. =A_(K’7*)~ 0

Sum rule predicts A ,(K°n?)
=—-0.151+0.043
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Lepton Flavor Violation in Kaons

.

2 (1 2
m, | my —m, _
| ——5 | (1+0e ™))
my, | my —n, ;
~ (2.477+ 0.001) x10-5in SM Ky Koty
. RLFV ~ RpSM |1 M m3 A3L12 {arf » ,«:Lft
K = ftg + f\/f}ir 2 |Ag |© tan’3 HH??h N

Clark, 1972 —
_ FaviAl How to improve:
Heard, 1875 — et =t ~
Heintze, 1976 —"-0— KLOE: 20% more data
NA48/2 (2003), prel. -O-E-/SM 5re| <1.3%
NA48/2 (2004), prel. | waoNoT \—:—
KLOE, prelim. + NA62: ~120 000 more evts

(IFEEEIS PRTE AT VIS AT S A WA A |
21 22 23 24 25 26 27 28 29

I-f]{ej /T(K,2) = (2.457 + 0.032) x 1{}—5_
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* E14 at J-PARC

— 2008: Detector upgrade
—2009: Beam line construction

—2011: Physics run

 P326/NA62 at CERN

— 2008: Detector R&D,
full approval (hope!)

—2009: Construction
—2012: Physics run

6.3.2009

-

P
Q)

R

M

CZ-SK KoSice (V. Simak)

=
Q)
O

)

Photon veto \

in Hae dm oy dunk

wnmat 2

=i T35 Ge
i | YACUUM

O
™D
O
Q)

L
N

T

jEoN

RICH MUY
Ne

R

GIGATHACKER |

/ ANTIG

Py : Si p-pixels |’ i

v
M |
1 atm
" 1o
1
Lkr

T T T
50 100 150



Lepton Flavor Violation in Tt Decay

e Forbidden in SM but various new physics models predict 3 as high as 10-8

SUSY SUSY Higgs

V¥ Belle V¥ BaBar V'CLEO

—
=
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S
v
=)
<
=
l_i
>
29
—
[ -6
& 10
a4
[a'n] v 4 mSUGRA+seesaw ® °
s v AR AL" v vy :
X vy v L J v SUSY+SO(10)
g 7 "VV Vv v v vy A/ vy i
=10 v WXy 10° bl
5 ly Yy v v YYY vy A - 0
2y vW__Vv Vy v v SUSY+Higgs A 0O
= Wy
vy SM+seesa Super B fafctory
8 9 5
10 10 =3 Z 7 '
;:’rﬁ:;’-—r_—cffu :L_.‘uae:._la:glg:u}t}ﬁkéﬁkkiiﬁgafxﬁsnafxi‘-i;"r:ggbéé 10 10 10 1 _[0
v v ¥ ey ! -
e osespnoe afpOrmatele sl el == Luminosity (ab”)
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CLEO, arXiv: 0807.1427

Dermisek et. al, PRD 76
051105 (2007).

Constraints on NMSSM
lanB =1Q, M123_1OD 200,300 GeV 1630 0&011
ULas @) — ——

b= 150 GeV, anyF any 1, F<t5
- | HyperCP » | (@) Y(S) data I SO .
= ) A e : 1 1 4 u
T 10 8 10 g E
T 3up evt (b) _ _ -
B Z 2 § a 4 o~ ]
&= = ® Data 5 © - g
w© it} 32
Trm 8 T 107} .
>’_[‘ 1r§ o 0 v | ‘ E:L F .
5 = B 3 48S)+continuum Q ]
Lo LJLOL = | |
5 § e |
5! 0 ol 10° =
8 D T LI | T LI 1 LI LI T i
i 2125 215 _ 2175 I , | ‘ , 1 ot e
|"-'1+I " [Mevic®) ! 0 210 220 230 240 250 260 270 =05 00 05 05 00 0.5

e My (MeV) a non-singlet fraction (cose,)



Lepton Flavor Violation in Tt Decay

e Forbidden in SM but various new physics models predict 3 as high as 10-8

SUSY SUSY Higgs

V¥ Belle V¥ BaBar V'CLEO
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Acp(B — )= 2L = 1A o T Ay sin(3, &) sinfo — )

[A* + [A]?

Nt
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Cioidki11rAa De ™ -C u- A INZ\
Future Frospects 1or Az (Qq7)

SuperB FSIM BE—K Tl at 5 ab™ B SuperB F5IM E—K I at 50 ab™

. 0.5 -+

ey P

25
o (GeViic?)

0.3
0.2 T 1
-:’_: 0.1 % u.1§+ ] FH-i-.H+ EXP, SM
E T MSSM G0
CE '0'1:+++ ' Jlr’IrTHJﬁH + T‘
< 02 LHCb 2fb o ATLAS 30
. . . . . . . . - ! Hﬂf”} ' i]L fb_l
0 01 02 03 04 05 06 07 B TR T R R ¥ R T uc';?IM‘

§
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Use large sample of A ,: ~3000
Observe peaks with >5c w.r.t.

Why study B hadrons?

From "'Y;’t?nﬁ'e“ Heavy-Light
hydrogen atom
to q : meson
B hadron | p. N b. ,
»baryon
Spectroscopy QED QcD 4 v

e Heavy quark hadrons are the hydrogen atom of QCD
=> study of B hadron states = study of (non-perturbative) QCD
* Measurements of B hadron masses provide sensitive tests of

potential models, HQET and all aspects of QCD including
lattice gauge calculations

( Heavv B Hadrons | - Mesons Heavy = all
vy - Baryons but not B?-B*
Y(45) |bb)
—
-_T(2S)|bb) - _
- T(1S) |bb)
B, [bc)
3y |bud) Yy |bdd)
; lbdd) B [ [BZs)
,
[0 lbdw)) IB; \b§)| Iﬂlnnui)l
\, B*~ |bit)
7| bik B*“|b(f)
0 0* 1/2* 1- 3/2* 2+ JP
=, 80
( %, Baryon ) 3 !
Te] 507
Motivation: 5[
Until 2006 AY = |bd u) 8%
was only established B baryon 2 of
=> Search for 5 i
0
* —
ST = buu) =y = |bds)
ST = |bddy 29 = |bus)

50 100

no signal

O or As. Mass
State  Yield (MeV/c?) (MeV/c?)
Xy 3IPH Os = 4855304 5807.8439 = 1.7

- s+
5 st
AR (e
Sr0 0 69*IEHIS
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Os- =559+ 1.0=02
A‘.‘ — 21‘2+2.[J+EJ.4
=t

—1L9-03

58152+ 1.0 = 1.7
5829.01}¢%17
5836.4 + 2.0*18

750

Q = m(AZ) - m(A]) - m, (MeV/c?)
PRL 99, 202001 (2007)
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= PRL 99, 052002 (2007 ~1.ofb"
( &, Baryon ) o RL99.052002(2007)  Lvow
T % IE_. ield=17.5+4.3
L1 F E yield=17.5:4. E
;}3 :s DJ, 1.3 fb” 'E_ 5 M=(5.792.9:2.5)MeVic*3
- 2 . f E
- . Data e N=17.5 4.3
=] ) £ E
S 6 — Fit z aE E
5 N=15.2£4.4"19 g ]
% 4 0.4 8 2__ _;
2 i E
R I O
5.4 5.8 6.2 6.6 7.0 54 56 58 60 62 64
PRL 99, 052001 (2007)  M(z;) (GeV/c?) MAE) [GeVic’]
Both experiments see significant £, signals (D0: 5.5c, CDF: 7.70)
¢ CDF: M(Z,) = (5792.9 £ 2.5 £ 1.7) MeV/c?
e DO: M(E,) = (5774 £ 11 £ 15) MeV/c? =, Mass
£%° e World avg: M(E ) = 5792.4 * 3.0 MeVi/c? Thaory
prediction
e DO: Lifetime E” 2 D@, 1.3 1" ,Pugﬁm—me.—_// ! M senkns
consistent  g13: ' S
with Sl L D, cor.. 7l o=
. & 6 ~— MC signal + data bkgd %
expectations § 4 . L :
oo . 574 5.76 5.78 5.8 582 5.84
nlgmpe(:%aca%%anu%: (:rn']L5 mﬁ;l [Ge\ﬂc’]
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A X< fit to the measured cross sections:
(7 energies x 3 states = 21 points)

~ Fit with common L and T, ¥°in.d.f. = 39.4/16

& Y(1S)n
W Y(2S)n !
Avy@syme 7 N E

Fnhancement |
af Y(11020)7

;

1095 11 11.05
CM Energy (GeV)

D = MW e U@~

o
2
S
s
o
®
2
L%
E
w
L4
P

:q LN UL L

TR BT R SR R
10.8 10.85 10.9

—
[=]

Y(1S)rrm
2.46 1927 40,18 pb

Y(2S)mrm
Peak
Mean

Width

=025
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4. 13i3§§ +0.55 pb

A common Breit-Wigner
(floated mean & width)
with floated 3
normalizations

(for 1S, 2S5, and 39).

The mean value is ~20 MeV
higher than fthe Y (10860), and
the widfth is around half

(110 MeV — 55 MeV)!

Y(3S)mm
1,64 52 40 21 pb

(Pecrk cross secftion
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Exotic efe™> 17 final states et al Summary

E nn? % [ pl;liginary:
;’I ?{,; T Y(4260) ABAR
& No Y(4008) in J/yn*n~ mass spectrum io e pp—

' 2-BW fit with interference
. « two solutions: different
peak cross sections

..................................

i s AT

9S4 33 43 a6 48 5 52 s4 =
, i
mi I GeVie)

New enhancement at threshold . . "o il L TN R
§ 40— ee _)Ac Ac ’YISR @ ‘ : u-.—'I—J--- (GeVic®)

. A — = 1 AXE630) |

in AJA. mass spectrum w R @‘“

| U | A TP PP TP TP IR TP PR 0 |

MiAL AY) Gevic®

(a) Fit with tnmmonp'-. and I, Pindf. = BE
- & v{1SE= *

F o v(2S)== H *

Z "4 Vs
: . 1/1'1 ! %‘ & $

10.75 10.8 10.85 109 1095 11 11.05
CM Energy (GeV)

¥ (nS)rr cross section (pb)

First observation of Y, candidate

Anomalous line-shape
of o(ete"—>hadrons) around 3.77 GeV

obs

N
o
T

X(3940) = Y(3940) # Z(3940)
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Exotic X(3872) Summary

%J Mass splitting between X (3872) from charged and neutral B mesons decays
A consistent with zero!

LLLLL

o, 16T :

2 e PRD77,011102,2008 |

4 * |
%B AT D" modes

&“ Mass X(3872)->J)/ynn # X(3875)->D°D™ Z NEW-

20 difference

o r 490 B'&BOHDDOK |
=] Mass X(3872)->)/ymrn = X(3875)->DOD*0 : f\ e
_\.”""”””Mﬂd 347fl§ :B_)KDOD*OD—> ,
ok sk ST
P JSR

disfavor diquark-antidiguark models

Events / { 2MeVic’ }
- ) "

Flatte vs BW similar result: 8.8¢

2, Relatively large Br(X—>wy(2S)y) is inconsistent with purely D°D*® molecular
2 interpretation for X(3872) g

favors cc - DD mixing models c®

X(3872)
- 7Sideband

in B0 >X(3872)K*t~ non resonant Kt~ dominates 1 - )
_.-"-.. K(]_) TI?

% AW R X B T e R T S e
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Physics Topics at BESIII

+ Light hadron spectroscopy.

+ Charmonium: J/w, w(25), nc(19), Y12y, Ne(25), he(Py), w(1D), ete.

* New Charmonium states above open charm threshold.

+ Exotics : hybrids, glueballs, and other exotics in J/y and w(25)
radiative decays.

+ Baryons and excited baryons in J/v and y(25) hadronic decays.

* Mesons and mixing of quark and gluon in J/y and w(25) decays.

+ Electromagnetic form factors and QCD cross section (R values).

* fau mass and tau physics near the threshold.

+ Search for new physics.

TETT T

E R I"'P-;I 14k : I I I I I I I E
= T Wwizs) o, + L= s
= ; '\.-.:.-::II-\.I o - e llr"" ! E
T E Z i, b 10 el * +
E - e L IRALL 4| .._II itk it 4 I
= : ::|I.L 10 :I Im:::" ',‘,.l“h: T P Ik ‘[:[,II[ . ‘:I r!-.Ii“ lll %M F
= + .Ilii ] 'E;F.'E!-“II i :',", -' - —+ . SR
TR " Al
- .'I! ' ' : .'il..i" ' ! : .'?-Ia‘ ! ! : _‘tlﬂ-' ! ' ! J!H ' ! ! -!I' : ! ' ﬂ'!.'-.“ : : ! -ﬂ'!-‘I ' : ! dl.ﬂ' ! : ' -'ﬂ:.t
. . L€ w= W)
10 billion J/¥ per year.
8/4/2008 - Very rich and interesting energy region.
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Main messages of my talk

1. Light flavor physics is now well under control, finally!

2. We are beginning to control charm quark.

3. Promising methods for b-quark are tested in quenched QCD.

4. Continuum limit and nonperturbative renormalization is essential for high

precision.
5. Exact chiral symmetry is quite useful in some cases.
6. Coordinated work to combine advanced techniques will lead to few%

accuracy within few years, including cross-checks with different actions.

I Advanced methods in lattice QCD is now applied to new physics.

CZ-SK Kosice (V. Simak)
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Main messages of my talk

1. Light flavor physics is now well under control, finally! Recent Progress in Lattice QCD

2. We are beginning to control charm guark.

3. Promising methods for b-quark are tested in quenched QCD.

4. Continuum limit and nonperturbative renormalization is essential for high
precision.

5. Exact chiral symmetry is quite useful in some cases.

6. Coordinated work to combine advanced techniques will lead to few%
accuracy within few years, including cross-checks with different actions.

7. Advanced methods in lattice QCD is now applied to new physics.

QCD including b quark has a large hierarchy in energy scale Conclusion

0 < My d < my < AQCD < Me < mp < o0
2-3 MeV, ~ 100 MeV 300-500 MeV  ~ 1.3 GeV; ~ 4.3 GeV 1. Light flavor physics is now well under control, finally!
- < <~
ChPT o a1, o HQET 2. We are beginning to control charm gquark.
0+ myq, L
' UV cutoff .. .
IR cutoff 3.  Promising methods for b-quark are tested in quenched QCD.
We need a good lattice data with controlled systematic errors. 4. Continuum limit and nonperturbative renormalization is essential for high
precision.
1. Lighter and larger: light flavor physics, hadronic decays
2. Finer: heavy flavor physics 5. Exact chiral symmetry is quite useful in some cases.
In addition, we need renormalization factor for matrix elements. 6. Coordinated work to combine advanced techniques will lead to few%
(O) = J'_"ﬂg Zo(ap, g2(a))(O(a)) accuracy within few years, including cross-checks with different actions.

7. Advanced methods in lattice QCD is now applied to new physics.

6.3.2009 CZ-SK Kosice (V. Simak) 122



-
>
"
r
L
L]

A, DNCD M—'\ ~
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Q: what are the fundamental

thermal properties of gauge

theories of nature?

++Avr)
LLCI .

Relativistic
Heavy Ion
Collisions

Quark—Gluon Plasma

~150
MeV

Color —

7
Superconductor

/ CFL

Hadron Gas

-
v o

e
Neut Stars?
) cutron rs u —
Nuclei — Crystalline

Color Superconductor

Vacuum
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Karsch, Laermann, Peikert ‘99

1 60 i ESB/T4 —_—

2
140 t _y _ I .' tga;nglﬁaq-4
- 30

120 |
8/T4 100 |
80 |
6.0 |
40}
20}
0.0

3 flavour

Low T:
non-perturbative
Very high T:
perturbative

T/T Transition:

¢ surely non-pQCD!

T.~170 £10 MeV (1012 °K)
e ~3 GeV/fm3

T,

1.0 15 2.0 25 3.0 3.5 4.0



PV‘ Y f\

A Ihin~ W A A
Creatii g ain QI NOLU \_(\,u Ma
Au or Pb mitial state Iah mernal probes:

Vs>20GeV/A - VT radiation,
gllective motion

++Ar
LLCI

e

Final state:

T, K, p, N, ¢, A, A,
H,Q,d

Collectivity: particle
correlations reflect

|pmnlchnnn

1LICAL '\J\I’

pressure gradients.
pP<2 GeV/c

“external” probes produced early in collision itself:
hard scattered g, g (— jets) in initial NN

|II

heavy quarks and quarkonia; scale =mass ofc, b
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lost energy excites a sound (density) wave?

Chesler & Yaffe, 0706.0368(hep-th)

izt AdS/CFT: yes it does!

a0 .45 rrTrr”

Peak: ¢=m -(1.2-1.38)
— speed of sound
c,~0.2-0.4

(c,2=0.33 in QGP,
~0.19 in hadron gas)

6.3.2009 3 particle correlation:, .., STAR, 0805.0622 196



M. Brooks
S
&3
=
=
- J/ WV Nuclear modification factor
e S/
sl ® PHENIX, Au+Au, |yle[1.2,2.2], £ 7% syst. 1.00 RN Karsch, Kharzeev, Satz,
~ ) PHENIX, Au+Au, |y|<0.35, + 12% syst ‘+ CF + hep_ph/0512239
- < NA50, Pb+Pb, 0<y<1, + 11% syst.
0.8 {+ NAGBO, In+In, 0<y<1, + 11% syst. +$+ (:3
- O NA38, S+U, O<y<1, + 11% syst. 0.75 + # +
0-3: 0.50 | *
i @ In—In, SPS +
i O Pb—Pb, SPS
0.4~ 023 ¥ Au—Au, RHIC, Iyl < 0.35
i r;;, A Au—Au, RHIC, lyl=[1.2,2.2] e (GeV/im>)
__ =0 1 1 1 1 1 1 1 1 1 1 1
0.2 i P H E N IX y 1 2 3 4 5
- PRL98 (2007) 232301 y~1.7 40% of J/y from y and y’ decays

%3.200590 100 150 200 250 300 350

Cz
N

—Sﬁ?l?oéice (

these suppressed but direct J/y not?
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Where does lost energy go? Use diz .,
‘ : -

(1)) mana ' ' ' ' ] ' ' ' ' : ™
E  Au+Au 200 GeV 5-10% ] *  Au+Au 200BeV 50-90° ] ﬁeadmg
0o | e Ceentra| | “-35— . Berﬁéﬂ rO n S .//l hadrons
gn.ozi— ¢ @ — 0-2;— . .,—;
ﬂﬂ_mf_ .. ...63_13_ . ...I _E
N S PP . <+t . ] |
mE DU URPSRPUURINNE B bl il X ekl away G/
C AutAu 624 GeVO0-10% 1 o1t AutAu 62.4 GeV 40-80% - ;
oot ] I {_ : Medium low P looks
: [ SERL I il i *%*—: very modified
‘g..'ﬂ.m;_ {.* {.H’ H'{' {"f t {_{, {{{' {' ] y
| SR * }{'f ---------------- 1 b H{_H_ medium response?
st CurCu200GeV0-10% ] agfy  CutCu 200 GoV 40-80% -
—oodf 2 E _ E_ L) _
Z°F Mf 1 _ 3 <pt,trigger<4 GeV
> 0021 if +***+§§§ b oA # ai‘i_i __
oo bl I N e 5 s LM T Praso2GeV
008 : : : : : ~ 0.3 : i : : - ' . '
Cu+Cu 62.4 GeV 0-10% ] [ Cu+Cu 624 GeV 40-80”/% .
L
Figt
.I 2 2.|5 3
Ap (rad)
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Current status

Shadowing from d+Au
) S a5
- a)
0.8~
- &
0.6
%4 lyi<0.35
e a,
02~ ® Cu+Cu,syst +12% i
- o= Aut+Au, sysl“w +12% — o
—
C b)
0.8-
06—
04" R
- lyle1.2,2.2 B
02— © CU+!:U' i T ST NPT, *
- m AutAu, sysigbbal T % s haiod 1 AL
1.4_— -
1.2 _ S L
M — q e .1':'1'{:&--'-'-'3?-;---;---% ......... T =
'DB_— 'Y ) —l . "‘ i
06— —
04— ly|<0.35, CuCu / Method 1, SYS e = % 12% i
02— o lyle[1.2,2.2], CuCu / Method 1, y‘slwmf 8%
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cc correlationsat T> T,

resonant states? Interactions?
Color screening but not fully...
Some J/y could emerge intact

632000/ could form in final state.if.cand cbar find each other... 1,



Conclusions
e We know:

Energy & k; transfer to medium is large. Mechanism?
Gluon dN/dy ~ 1400. Matter is opaque
Coupling is not small o, ~ 0.27. Liquid behavior
n/S=(1-3)/4n Close to conjectured quantum bound
Deposited energy may shock the medium. Mach cones?
c.~(0.2-04)c Stay tuned...
Color screening incomplete. }

e We don’t know:
— Are b quarks stopped as c quarks are?
— How is the jet fragmentation function modified?

— Are the funny structures really medium response?
— |s QCD liquid same as other strongly coupled matter?

2/3
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Formal theory at ICHEPOS:

l. Adances In perturbation theory for gauge theory

and gravity: Britto, Marquard, Maldacena, Bern,
Ward, Rahman

[l. Nonperturbative methods (new applications of
gauge/string duality): Myers, Starinets, Kachru

[Il. Vacuum energy: Milton, Mannheim, Nevzorov

V. String theory models of particle physics and

cosmology: Gmeiner, Camara, Krefl, Ratz, Seiberg,
Weigand, Quevedo, Haack, McAllister

(I will cite parallel speakers, see their talks for primary references!)
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Spinor-helicity:
A(17.27.,37 .47, n")

(Kosower 1990)
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Bern and collaborators find that N = 8 supergravity
amplitudes are finite through 3 loops.
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Is this due to supersymmetry, or something else? Some
SUGRA experts expected divergences at 3 loops, but
other arguments predict that the first divergences won't
appear until 5, 6, 7, 8 or even 9 loops! (Problem: no
good superspace).

If the theory is finite order by order, what does this
mean? Perturbation theory still breaks down at high
energy.

6.3.2009

(213{31){3n)[32][34][1 n] <.‘i Py Iﬂn]

Twistor geometry:

(Cachazo, Svrcek, Witten 2004)

(32){14)
+
[32]434)

Construction from residues:

(RB, Feng, Roiban, Spradlin, Volovich 2005)
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lll. Vacuum energy

The vacuum is full of stuff (Higgs fields, color fluctu-
ations, zero-point energies), and gravity is a universal
force. 6

=

* So why is the vacuum energy density not huge?

-1 . 3
. fia 1 (32y3 (\|I"._3_‘-\.>.J {1 .>.‘:-‘<.i Pit1.212
* E - - \,‘! + )
{’ "-.'..;.I-’-J (, + 1P 2 '-’J <1’-I”-).;I-’-J P i1z
. 2 (12} {n 3)

This question has been around g o

since Pauli, but since the discovery : .. -

of the cosmic acceleration we have : * g
two new puzzles: 2 // S

» Why is the vacuum energy not exactly zero?

» Why is it's magnitude so similar to the matter density
in the universe today (cosmic coincidence)?
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Today 14 billon years omponents of the Universe

Life on sarth " .
Acceloration ! 11 billion years : 25%
wu{ ;\J.;I;;},-.nf.:-lrﬂﬁﬂ o T ; - . Q. =p, / (e e Eiﬁ\%{ilements: Dark.Matte.‘,I‘:
: - e Dominant in
Neutrinos (v): Galaxies &
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Star formation peak & 3 bilfion years droraL = l

Galaxy formation era\ y 00,0047
Earliest visible galaxies - T00 million vears |

70%

Recombination Awms | —£1400,000 years = Dark.Enelgy_
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Ineet of gravitational eoliaps Cold Dark Matter:
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: ' to speed u
Nucl'?‘?y!'_rr_“_hems_ " Dark Energy (A): . 3
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Electroweak transition
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What 1s causing cosmic acceleration?

= [ l SDE5-11 SWZ2031 ]
_ i h z2=0.15 Type [a @ +2° i
Dark Enerey: G,, =8aGI[T,, (matter) + T, (dark energy)] B ¥ WHT Exp—600s 1

DE equation of state: w =T, /T, <-1/3

Gravity: G, + [(g,,)=8aGT, (matter)

Flus {107 erg/em®/s/8)

Key Experimental Questions:

Is DE observationally distinguishable from a cosmological Si I |
constant, for which w =—1? ? 000 sose  mooo . wooo @oao

Can we distinguish between gravity and dark energy’ Obeerved Wavelengtn (A)
Combine distance with structure-growth probes Conclusions

Does dark enerev evolve: w=w(z)?

» Excellent prospects for increasing the precision on
cosmological parameters from a sequence of increasingly
complex and ambitious ground- and space-based (Planck,
JDEM) experiments over the next 5-15 years

* Exploiting complementarity of multiple probes will be key:
we don’t know what the ultimate systematic error floors for

each method will be. Combine geometric with structure-
growth probes to help distinguish modified gravity from dark
energy.

* What parameter precision is needed to stimulate theoretical
progress and understanding?
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Particle Astrophysics @ UHEs

TeV PeV EeV ZeV
12 15 18 21 -~V
| [ “
IceCube
KM3net
JEM EUSO CR
12 15 18 21 N
I I ﬂm
18 21 Y

Leading & FUTURE Projects
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s/concepts

etector

New e
The major R&D drivers are Linear Collider detectors and upgrade of LHC detectors
— but there are many other detector systems (neutrino — lower rate ad energy,
flavour studies — high intensity and lower energy, heavy ion physics — high
occupancy, astroparticle systems — low rate and low noise, etc) being planned,
investigated or implemented.

Silicon systems

hay
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Gas detector systems
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I ClAlklAal DavrvarmatrAare
1TV VNTIUILIAl FTaAlAallleElel»
Global accelerator parameters for 500GeV cms (RDR Table 2.1-1)
Parameter Value Units
Center of mass energy 900  GeV
Peak luminosity 2.00E+34 cm-2s-1
Availability 75 %
Repetition rate 5 Hz
Duty cycle 0.5 %
Main linacs
Average accelerating gradient in cavities 315 MV/m
Length of each main linac 11 km
beam pulse length 1 ms I,.=¢eN/t,
average beam current in pulse 9 mA
Damping Rings
Beam energy o5 GeV
Circumference 6.70 | km
Length of Beam Delivery Section (2 beams) 45 km
Total site length 31 km
Total site power consumption 230 MW

Total installed power 300 MW



Responding to LHC

e Systematic studies needed
— When are we likely to know what from LHC?
e Possible LHC discovery scenarios
— For each scenario
e What physics modes to study at ILC
e What kind of machine to build
e What kind of detector to build
e Priorities and timescale
— Cost and political realities to be included
e Rethinking of the machine parameter will be needed.
— Energy (250 GeV, 360 GeV, 500 GeV, 800 GeV...)
— Luminosity
— Upgrade path

e Accelerator and physics/detector community should have close and intensive
discussions

— Cost and politics
— GDE + the RD structure (we need name)
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y 1% lﬂﬂﬁﬁ“ﬂlﬂ!‘lu AR

® Oversight and sponsorship of two international
conferences: ICHEP and Lepton Photon in

alternate years

® Other Activities:
m Other IUPAP-C11 sponsored conferences
m Young Scientist Prize

m WG on Assessment of Individual Achievements in
Large Collaborations.

Recommendations:
. . 1. Define clear criteria to be eligible author of a publication.
ICI—IEP—OS Ph]_]_adelph_la 2. Establish a publication web page with supporting notes and details of
individual contributions.
LP-09 Hﬂl‘ﬂburg 3.  List most relevant publications in the CV (with major personal
. contributions)
ICHEP— 1 0 ParlS 4.  Specialist notes, published by few authors (methods, procedures)
. 5. Public track record in large collaborations (authorship of internal
LP-11 Mumb dal notes, leadership and convener positions)
6.  Two-Tier authorlist (list a few main authors first).
ICI—[EP' 1 2 Melb ournc 7.  More awards on the national, institute and collaboration level.
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