Small x effects
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® factorization
collinear vrs k, factorisation
small z effects

» CCFM equation, solution, new hadron level MC CASCADE

® heavy quark production )
at HERA, Tevatron and at LEP (yy — bb) ???

® conclusion

DIS04, Strbské Pleso, 15. April 2004 — p.1



Basic idea - Collinear factorization

DGLAP

BGF matrix element
on mass shell

evolution of parton cascade
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DGLAP

BGF matrix element
on mass shell

Basic idea - Collinear factorization

J.C. CO”iﬂS, X. ZU sHeP 06 (2002) 018
on shell matrix element
IS only assumption without
proof
and is unphysical !!!
and not necessary for proof
of factorization !!!

evolution of parton cascade

g - ordered

with DGLAP splitting fct. % 0k

P(z,q,k:) = a, ( + %) 1
B
2

Initial distribution: steep g

——one-loop Q=10GeV
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Basic idea - k; factorisation

CCFM

£

f[ \_\

BGF matrix element
off mass shell

J

Y osd

evolution of parton cascade
with DGLAP splitting fct.

P:C_Y'S(liz—l_%)

\ initial distribution:

o(ep — €'qq) = [ LA QL [ Pki6(5, ke, Q)zgA(zg, ki, 7)
with [ & kixgA(zg, b, q) =~ 1,G(xg, Q)

CCFM (one loop)

® angular ordering

—_JS(CCFM) Q=10GeV
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Basic idea - k; factorisation

CCFHM CCFM (all loops)

® angular ordering

(instead of ¢; ordering)
BGF matrix element |  A,,. (non - Sudakov)
off mass shell

—_JS(CCFM) Q=10GeV

evolution of parton cascade
with CCFM splittina fct.

P=a, <1iz +1A,°

__JS(CCFM) Q=1GeV

- initial distribution: flat
-

o(ep — €'qq) = [ Ld* QL [ Pki6(5, ke, Q)zgA(2g, ki, )
with [ d*kizgA(zg, ki, q) = £4G(zg, Q)
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Small x effects for k; ~ E,qrton

g 40 - — Q2=0.01 GeV?
B 35 m=5 GeV  .... Q>=10.0 GeV?
ME: partons off-shell - e Q= 100 GeV?
30 } ....... Q2= 1000 GeV?
25
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20 b0
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Small x effects for k; ~ E,qrton

LO NLO resolved photon
- (heavy quark excitat
-~
ME: partons off-shell —2/ S 3
includes part of NLO e o o
o s e e
and HQ excitation Kof R P
=0 0
{
ki — factorization
7+
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Small x effects for k; ~ E,qrton

LO NLO NNLO
=0
ME: partons off-shell O(0a3 ) O(a3) A \E O(a})
Includes part of NLO E F SN
and HQ excitation : é" g
4
also for pp 40 A e
=0 o
kt=|=0 \ %‘m’

kt — factorization

7 (all orders)
k4 o\ g’*
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Small x effects for k; ~ E,qrton

ME: partons off-shell Gluon Bremsstrahlung: T
- L (L) A
includes part of NLO k2 \z X
and HQ eXCItatIOH collinear approximation
1/
also for pp -
Evolution: ‘ """""""

| collinear factorization

break k; ordering
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Small x effects for k; ~ E,qrton

ME: partons off-shell
Includes part of NLO
and HQ excitation
also for pp
Evolution:

break k; ordering
BFKL/CCFM splitt. fct
uPDFs

ang. ord. [ CCFM

... Only singular parts....
P = 202 4 200 Ans(z, 4, ki)

z

Non - Sudakov form factor:
Ans =

exp (~ais [ % [ %O (ke —)O(g — za,))
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CataniCiafaloni Fiorani Marchesini (1988 = 1990)

®» including color coherence effects in multi-gluon emissions
$» angular ordering of emission angles:

® ordering in g (DGLAP) implies also angular ordering
® unification of DGLAP and BFKL

O WOW

for small z no restriction in ¢: 1 random walk In ¢
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CataniCiafaloni Fiorani Marchesini (1988 = 1990)

®» including color coherence effects in multi-gluon emissions
$» angular ordering of emission angles:

INn lab. frame

;41 > O;

with ¢ =7

® ordering in g (DGLAP) implies also angular ordering
® unification of DGLAP and BFKL

O WOW

for small z no restriction in ¢: 1 random walk In ¢
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Advantage of CCFM: parton emissions

DGLAP or BFKL
only inclusive predictions

[=EN
o

[1/GeV]

t

. -----  evolve
E* —— CASCADE

1/N dNMk
=
o

no info on emitted partons

|
20 25
k, [GeV]

CCFM treats explicitely:

partons emitted during cascad
color coherence
energy momentum consep¥ation

best to implement in generator 3
compare evoldtion and MC 0L
CASCADE MC generator i

|
0 5 10 15 20 25
q, [GeV]

evolution - MC parton shower comparison
never shown for DGLAP type MC’s!!!
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The Monte Carlo Generator CASCADE

CCFM backward evolution implemented in MC generator

CA S CA D E (http://lwww.quark.lu.se/ hannes/cascade)

Initial state CCFM cascade with strict angular ordering

e

off-shell hard scattering processes:

vg* = qd, v*g* = QQ, vg* = J/vg, 77 = QQ

g*g* = qq, 99" — QQ, g*g* = h

P-remnant treatment like in PYTHIA (g-di-q, primordial k;)

" =

final state parton showers added to quarks
hadronization via JETSET/PYTHIA

CASCADE is MC implementation of CCFM
for ep, ee, vy and also for pp
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Status of comparison with theory

status of comparsion in 2001
collinear-fact. k.-fact.

HERA observables
high Q% D* production OK OK
direct photoproduction of D* 1/2 OK
resolved photoproduction of D* | NO 1/2
high Q* B production NO,
direct photoproduction of B OK?, NO OK
resolved photoproduction of B OK? OK
TEVATRON observables
high-p, D™ production ?
high-p, B production OK?, OK
low-p, B production OK?, OK
J /W production NO ?
LEP observables
B production (o¢) NO ?
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Status of comparison with theory

status of comparsion in 2001 2004

collinear-fact. | k;-fact.
HERA observables
high Q% D* production OK OK
direct photoproduction of D* 1/2 OK
resolved photoproduction of D* | NO 1/2
high @ B production NO, OK OK
direct photoproduction of B OK?, NO OK | OK
resolved photoproduction of B OK? OK OK
TEVATRON observables
high-p, D™ production ? NO? OK
high-p, B production OK?, OK OK
low-p, B production OK?, OK OK
J /W production NO ? OK ?
LEP observables
B production (ot ) NO ? NO ?
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Charm production in DIS

e
E‘ ‘ ‘ ‘ ‘ NI—| T T T TTTT I T TTTT
¢ Clorsting A= Bl CASCADE % I |
X 75 1 HVQDIS H11 & 5% H1 |
D o) 1 = B
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D* production in DIS
[1 standard DGLAP with NLO calculation too small

[1 cascabe ~ perfect even at low z and Q>

[1 free parameter: m.
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Problem of extrapolation or what is F,? ! ?

F,° in the NLODGLAP scheme ¢
o F,~ in the CCFM scheme
e H1 Preliminary H1NLOQCDfittoF,
mc 13- 1.5 GeV A H1Preliminary B CCFM
0.40 T 1 — T T T T 0.40 T T T T T T T T
Q*=15Gev? T 35Gev? I P=156ev? | 35GeV? |
0.20 -' _"_ i _- " 020}k 4 -
~ : I ' 923 'LE\L\ ! \
| 1 ! ] | | ] ] T
e A < 0.00——F—+———+—+—F—
\ i 65GeV? | 12Gev? e 65Gav? I 12 Gev?
B I ] E !
> 025p + i ; ; 3 0.25} =+ =
TR I ] 3
25Gev 00 Gev °~ | 25 Gev? 60 Gev?
040} + - - [
A0} % 0.40+ \ + i

F5 depends on model for extrapolation... does that make sense ?7??
whom to believe ??77??

calculation or k; factorization with CCFM ?
proper model / MC desperately needed
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do/dn,,[pb]

40

20

(e2]
o
T

bb production at HERA

e large extrapolation from visible to total x-section

e loOk at visible x-section

do/dn, (ep —>ebbX ->ejjux) H1 prefiminary

Q*<
0.2 <
p% > 2.5 GeV
jet
P, >

N <25

1Gev? o Data
y <0.8

7(6) GeV

—— Cascade

do/dn,,[pb]

40

do/dn, (ep —>ebbX ->ejiux) H1 prefiminary

(e2]
o
T

T ‘ T T T T ‘
[ ) Data |
—— NLO QCD + Had

NLO QCD

CASCADE ~ ok for visible p’s (similar to NLO)
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bb production at the Tevatron

Test universality of

Iplbi>bX, \/S=I1.8 TIeV, Ilybll<1l ]

unintegrated gluon density
from HERA

D@ Data

(Errors have correlations)]

[] use unintegrated gluon from
F; fit at HERA
102

[ use off-shell matrix element = aMuons+Jets
for g*g* — bb - (This Analysis)
with my = 4.75 GeV. 10 | eInclusive Muons

[1 set with singular terms ok L NLO QCD, MRSR2

- ___._. Theoretical Uncertainty

1 | | | | | | | | |
6 7 8910 20 30 40 50 6070

mein (GeV/ C)

: —  J2003-1
- . AN — J2003-2
- =sDimuons \

[ even with full splitting fct ok
NOTE NLO off by factor 2

| CASCADE w/o additional free parameters |
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do,"/dpi"dy” (nb/(GeV/c))

bb production at the Tevatron:

Vvisible cross section

data from: DO Collaboration B. Abbott et al., Phy.Rev.Lett 84 (2000) 5478

[ = NLO QCD, MRSR2 M.

>\ . . . ]
N A Inclusive muon
N O muon + jet
‘.\:\¢ AN
SN — J2003-1
R . —— J2003-2

m,=4.75 GeV/c?
u=po=(pr+ mb2)1/2

| .
24< <32

3 4 5 678910 20
p?* (GeV/c)

do*/dy* (nb)

do*/dy* (nb)

o
N

o

10 fo
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- — 1
e S I
T I ks
F -~ NLO QCD, MRSR2, Tr~ "5,,: -
me=4.75 GeV/c?, u=p, TN
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 11 | I 1 I\I“-I
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_ ey . +
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e CASCANDE describes 1 spectrum over huge range well

e NLO fails by factor ~ 2 (central) and ~ 4 (forward)
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Why does k;-factorization help

for bb production at Tevatron

g

m— CASCADE 2 2 . . .
THA K= estimate higher order corrections

S MEEpEem? : bb
Nr of gluons with p; > p;
LO: O(ai) - N, =0
NLO: O(al) - N, =1

NNLO: O(a}) — N, =2

Pu(N,) = 1N dN/d N

CASCADE — O(af)

O 1 2 3 4 0 o
Ng (p%> ﬁ)tb)

cascaDe With k; factorization for estimation of

higher order corrections
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bb production at CDF:

b — J/

a(b, |y| < 1) glo e CDF prel: B - J/PSI
CASCADE 24.95 b < e
Cacciari et al Fony  23.6 pb E —
CDF 249+06+62ub ]

o(b, |yl < 0.6) .

BR(B — J/v — p) I !
2 ol L
MC@NLO 17.2 nb : %
Cacciari et al Fony  19.073°0 nb |
CDF 19.973°5 nb B

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

®» remarkable agreement
CASCADE and MC@NLO !l

® Extrapolation ok ?7?

p, (GeV)
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Charm production at the Tevatron

data from: CDF Collaboration D. Acosta et al., hep-ex/0307080

measure charmed mesons in
ly| <1

NLO by 100 - 50 % below data
same model as for bb

°

similar problems as in bb

N e o @

e set with singular terms ok
e set with full splitting fct smaller
but still larger than NLO

da/dp, (nb/GeV)

dao/dp, (nb/GeV)
[
o

=
o

w
TTT L

N
T

W o.... J2003 —set?2

e CDFD°
—__ J2003 — set 1

5

10 15 20
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dao/dp, (nb/GeV)

=
o

iy
o

w
TT

N
T

5 10 15 20
p, (GeVv)

5 10 15 20
p, (GeVv)

| Success for CASCADE with k, factorization !!! '
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bb production at HERA and Tevatron -

® [,-factorization: Egluon ~ k¢

9o
AD') | 9
X I X
S k)
= 10 °- Z
- S
ke - HERA
'O L
~ L
= 2
10 " [
10 21 ,
10
1 [ | | | 1 | | | |
-4 -3 -2 -1 0 0O 2 4 6 8 10
log10(x g) K, . (GeV)

¥ ) Egluon ~ 1072 - 920 GeV compared to k; ~ O(5 GeV)

» Tevatron similar energies...
» be aware of small r effects !!! DIS04, Strbské Pleso, 15. April 2004 — p.17
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Un-integrated Gluon Density of Photon

together with M. Hansson

test machinery with one-loop o =2 Gev ;=4 Gev
(DGLAP) £ 0T
. 10 * S S N
use gluon in photon from GRV - derivative GRV
as input o T comm ‘
use normalization at input scale L '.
. . f ;
apply CCFM evolution (sing. s 10}
Voo b K.=6 GeV K.=8 GeV
terms only) s
with parameters obtained from % ™ |
proton (Qo = 1.4 GeV) 124
o}
10 3
woﬁeé—
w L

First un-integrated gluon density of real photon
with full CCFM evolution




vy — bb

together with M. Hansson

® use matrix elements in k; -
factorization 3
O yy — bb guo°
O ~g — bb é
0 gg — bb E
[0 universality... 107
®» compare k; -factorization &
CCFM with NLO: 0 |
® using norm. from pdf :
[ CCFM similar to NLO
® determine norm. for gluon from 1

oLS3

A ALEPH
V¥ OPAL

O TASSO
X TOPAZ
W TPC/2y
“ AMY

O Venus
¥ JADE

CCFM n=1.7
DGLAP

charm (n = 1.7 for res.v)
[ CCFM larger than NLO
BUT still low for vy — bb
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Conclusions

®» k; - factorization very successful
[] unintegrated gluon density from CCFM
fitted to F; from HERA
similar to NLO for charm and bottom at HERA and LEP
works also for charm and bottom in pp
NLO better now ... (or better measurements ?) ....
(1 main effect from off-shell ME and uPDF ....

N I R I B B

®» k,; - factorization useful for estimate of higher order
corrections

» k, - factorization well suited for simulation of had. final state

#» well suited for MC implementation (CASCADE)
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