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Aboutf NuleV:
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E, € (20, 400)GeV and Q? € (1, 600) GeV?
Z 1

» Type of interactions:
b NC: v(¥)N — v(7)X /\ /\
» CC:v(D)N — p~ (p)X q q q

The NuTeV collaboration:
T. Adams?, A. Alton?, S. Avwakumov®, L. de Barbaro®, P de Barbaro®, R. H. Bernstein, A. Bodek®, T. Bolton?, S. Boyd”,
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» NuTeV is a precise neutrino DIS experiment
» Data taking: 1996-97 FermiLab fixed target run M W\’“
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NuleV Apparatus:

LAB-E Detector — Fermilab E815 (NuTeV)

690 tons: Fe-Scint-DC
Fiduecial Volume: 390 tons

vN—>‘u_Xl E,.8

Target Calorimeter:

» 690 ton Fe target

» liquid scinfillator counters:

. . oFE 0.86
» hadron resolution: 5 e

» drift chambers: track . and
determine vertex position

Muon Spectrometer:
» 420 ton toroidal Fe magnets (By ~ 15 kG)

» drift chambers

» momentum resolu’rion:% ~ 11%

» polarity always set to focus the muon from
primary vertex (CC)
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» drift chambers: track . and
determine vertex position

» hadron resolution:

Muon Spectrometer:
» 420 ton toroidal Fe magnets (By ~ 15 kG)

» drift chambers

» momentum resolu’rion:% ~ 11%

» polarity always set to focus the muon from
primary vertex (CC)

NuleV Features:

test beam neutrinos

Cadlibration Beam:

» detector calibrated every minute
—, hadrons (4.5 - 190 GeV)

» measures the absolute energy scale:

OF
g = 0.70%

SEHAD — ().43%
Egap )

> u, e

P MUONS:

» hadrons:

Sign Selected Quadrupole Train: R

» high purity v or v beams

» the muon from primary vertex tagged
(doesn’t require u charge)

» access to low E,, data (high-y)
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Charged Current Neufrino Scattering:

. 0
> Q2 = 4(EM + Euap )EHSIH2 TM — negative square of 4-momentum transfer

2
P X = Q7 Bjorken scaling variable
2MEHAD ©

EgAD
Eu+EgaAD

» v = ExAD — energy transfered to hadronic system

— fraction of total leptonic energy transfered to the hadronic system)

> vy =

Neutrino Differential Cross-Section:

d?ov®)  G3ME,

Mzy @) | Y v(7) Y v (V)
- 1—y— F Y 902" 4 y(1 — LyzF
dzdy Q% \2 ( Y zEy) 2 T e y(L = 5)zky

Sructure Functions in Neutrino interactions in ferms of quark compositions of target:
» 20 FY P (2, Q2) = 3 22[¢" @ + g7 )]
» FY P (2,Q%) = X 22[¢" @ + ¥ 267 )]

» 2FY (2, Q%) = 3 25[q" ™ — g”™)] (only in neutrino scatterring!)

F F. AM?Z 22 "
» Ry (z, Q%) = 2L — L — 2 (1 sensitive 1o pure QCD effects
L(z, Q%) oT 22 Fq 2z F T Q2 ( PUIS Rodeson © Nutev DIS April, 2004 - p.5/31

» Lorentz-invariant quantifies in ferms of measured E,,, 6,,, Egap:



Extracting Differential Cross Section:

. . . . 2 v(v 2 v(v
Differential Cross Section in terms of flux and number of events: | 42”1 da*N¥®)
dxdy P(Ey,) dxdy
» Flux Sample:
» nearly independent data set (Egap < 20 GeV)
» extract flux (see next slide) - DATA
| o Toroid | Target
» Cross Section Sample: ESZ';E.e o a”;';cz);d no arfet ‘
| | | S | 'S le:
» Main Sample: toroid analyzed muon # S J I e il
» containment and good muon track ( I I )
2 EM > 15 GeV, Egap > 10 GeV,
E, € (30 360) GeV FLUX Cross Section
7/ Q2 > 1 GGVQ
-
» SSB: allows low EM (S 12GeV) data (high—y) Cross Section Model + Detector Simulation
» B 4 GeV .
> » Process is iterated:
» Cross-Section Model » use CCFR for initial input (loop 0)
» used only for acceptance and smearing corrections )} convergence occurs after 2 loops:
» QCD inspired LO parametrization: fit to data : » average cross-section change is
~ 1% after loop 1 (loop2 < 0.3% )
» includes hlgher Twist pOrOmeTriZOTion for Q2 ) Occepfgnce cut on last iteration (20%)

dependence at x>0.4 (SLAC ,NMC ,BCDS data).

» for Q% < 1.35 GeV? uses GRV Q? evolution
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Extracting Relafive Flux:

» Relative flux in energy bins extracted » Determine relative flux from:

» Absolute flux obtained by normalizing our

Vo AN
Crgss—sec’rion to the world average volue; (Ey) = /O ; B o C 2 dv
TWORLD = 0,677 £ 0.014 x 10~38 Qi T AR, " A2m2

N—— - —_

P Flux Determined from low v data (< 20 GeV) small ;:fa”

"Fixed vg method”: Integrate data at low v B

» polynomial expansion of the differential cross
sectioniny = *

Ey
dN B v C v L0
— =®(FE A1+ — — — — P(E,)A
dv (Ev) (+AE,, A2E2)—> (Ev)

A=GM / Fo(x, Q2)dx

B=-GM [FQ(X, Q2) F xF3(x, QQ)} dx

T
: 1 2Mx Mx
c=B-GM | Fg(x,Q2>( -

oy

1 4+ R(x, Q2) v

—1) dx

> B

» Test of Flux extraction:

B € determined from the fit to 4N data

0.8

NuTeV :---®---

<|

O/EX 10 cmZ/Gerr

L L L
(o} 50 100 150

L
200

Ev

» NuTeV's g—'; is flat as function of E,, within < +2%

v

L L
250 300 350

» <= agrees with world average

o
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Cross Section Systematic Uncertainfies:

How to use the Data Set:
» 17 sources of systematics » x? for all systematic uncertainties:
» E,, and Egap scales

» mc, 2 used to extract flux
» 13 parameters used in cross-section model

X2 _ Z (Da . ftheory)M;Bl(DB o ftheory)
apf

, » M,z is point to point covariance matrix:
» each systematic error evaluated separately of

and correlations between them faken into Mag = pijijad;s
account i

» overall normalization uncertainty 2.1% » pij is 17 x 17 correlation matrix
(flux normalization) » i IS Symmetrized error:

» the stafistical errors are added in quadrature 612_0(5, 4 od) - 2o (5; — o2
to the diagonal elements of covariance mo- Sijo = 2V 5 LR
frix
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NuTeV Differential Cross Section:

VE d’aldxdy (x 10 cmPiGev)

Neutrino Anti-Neutrino

[
a
A R R |
H_‘
o
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%
I
LA R R
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|
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IR R A |

0} 0.2 0.4 0.6 0.8 v} 0.2 0.4 0.6 0.8 1

Y (E=45 GeV) Y

LABEL:
black circles - NuTeV (long muon):::blue circles - NuTeV (short muon)

ired crosses - CDHSW::: line - NuTeV model

plots show extracted v(v) — Fe Cross-Sections
as function of y for different x bins af
E, = 45 GeV andE, = 150 GeV

NuTeV has extended y region data:

y | new data at high-y and low x

» major systematics included:
E,.. Egap, mc, §
(not yet for high-y data)
NuTev is compared to other Fe neutrino data:
» CDHSW (Z. Phys C49 187, 1991)
>

NuTeV has comparable statistics

Befter control of largest systematics.
>
CDHSW 2% 2.5%  20-200 GeV
CCFR 1% 1%  30-350 GeV
NuTeV  0.7% 0.43% 30-350 GeV
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Characterize NuleV result:

» Aflow and medium x NuTeV in good agreement with other v — Fe data over entire energy and y

» Forx > 0.4 NuTeV cross-sections is above the CCFR measurement over the entire energy range

» This difference increases with x: @’

» at x=0.45 ~ 5%:; at x=0.55 ~ 10%:; at x=0.65 ~ 20%

» At high x NuTeV agrees in level with CDHSW measurement (large uncertainties)

Investigating the source of differences with CCFER;

» CCFR and NuTeV similar in design and analysis method

» NuTeV has an improved energy calibration:
» includes nonlinearity in Egap (accounts for ~ +3% difference at high x)

» Model (fit fo NuTeV data)difference (accounts for ~ +3% difference at x=0.65)

» Another difference between CCFR and NuTeV experiments:
» NuTeV had separate neutrino and antfineutrino runs (SSB)
» NuTeV always set to focus the “right-sign” muon: betfter acceptance

» CCFR had simultaneous neutrino and antineutfrino runs
» CCFR had toroid polarity ~ 50% set to focus on ™ and ~ 50% set on ™
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Extraction of Structure Functions: Fy(xz, Q%)

» Structure Functions determined from fits to linear combination of the differential
Cross-sections:

_ Mx 2
d?cV | d?o¥” _ 2MG2E,y ] —y— Mzy HCGT)® 2 FAVE (2,Q%) + y(—L)AzF5(z, Q3)
dxdy dxdy ~— T Y 2K 1—|—R(m,Q2) 2 2 €T, Y 2 T L3 (L,

» where FAVG (x,Q?) = 1 (F4 (x, Q%) + F5(x,Q?))
» perform T-parameter fit for Fg‘*VG (x,Q?)

» input model for Ry,, AxF3 where:
» Ry, from a fit to the world’s data . wwnitiow et.ar. Phys.Lett. B25001990) 193)
» AxF3 = xFy — xF§ = 4x(s — ¢)(QPM assuming symmetric seas) from NLO QCD model(T-R VFS)

(R.Thorne and R.Roberts, Phys.Lett. B 421 (1998))

Cross-Sections corrected to :
b isoscalar target (5.67% excess of n over p in Fe target)

» QED radiative effects .vaardin and Dokuchaeva, JINR-E2-86-26001986))
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Extraction of Structure Functions: zFs3(x, Q?)

» Structure Functions determined from fits to linear combination of the differential

Cross-sections

0¥  d%26” _ 2MEG? y? AV G 2
dxdy dxdy ~— T (y 2 xF3 (:C’Q )

» where XF?VG (x, Q2) = %(XFE (x, QQ) 4 XF?(X, QQ))

» perform 1-parameter fit for xFAVE (x, Q?)
» F¥(x,Q?%) ~ F5(x,Q?) — no inputs required R
Cross-Sections corrected to :

» isoscalar target (6.67% excess of n over p in Fe target)

» QED radiative effects o vaardin and Dokuchaeva JINR-E2-86-260(1986))
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Comparison to other neufrino dafta

Fy(x,Q%)

0.1

-~ m

YR

» @@--""3(":0.015 (X3)
5 2 NUTEV fit - - --

%V Wii% x=0.045 (X18)

o Wv;ig ... x=0.080 (X1.3)

NgTew o]
CCFR —&—
CDHSW - |

Q? (GeV/c)?

» Data sets shown: CCFR, CDHSW,NuTeV for
Fo

» The lineis Fy from our model

» Data has major systematics included:
» RworLp. AxF3 (model systematics)

B
» Eu. Egap, me, 3

» at 0.015 < x < 0.5 all data sets are in good
agreement

» at high x NuTeV is systematically above CCFR
» at high x NuTeV is in agreement with CDHSW
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Comparison to other neufrino dafta

XF4(x,Q%)

% X=0.045 (x12)

« x=0.08 (x6) -
TR 1 » Data sets shown: CCFR, CDHSW,NuTeV for

sy ... .x=0125 |
e (x35) xFs

x=01752 | P Thelineis xF3 from our model

Yiw » Data has major systematics included:
7 %=0.225 (x1.5)

B
» Euf Exap. mc, A

~B x=0.275 |
(x1.2)
*7 'Y"ﬁ"%@"“x;o-35 :
jea s ikl » at 0.015 < x < 0.5 all data sets are in good
e ‘ﬁvﬁv@xo%-
é & . : agreement
% ot ‘7% 8 7-X=055 | » at high x NuTeV is systematically above CCFR
L o gig "1 | » athighxNuTeV is in agreement with CDHSW
NuTeV -4 ¥ %. e 1
CCER ST TR x=065
NuTeV fit =--oo . v % v
1 1Q 100
Q2 (GeV/c)2
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Comparison fo theory
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0.1
02

» plots show NuleV and CCFR F5 data ratios to TR-VES
(MRST-99 pdf) curve in all x bins
» Other Models shown:
» TR-VFS with MRST-2001 E 10 pdf
» ACOT with CTEQ4HQ

» Theory curves corrected for:
» Target Mass(H.Georgi& H.D.Politzer, Phys Rev D14 1829)

» Nuclear Effects:
» correction measured in charged-lepton

experiments from nuclear targets
standard way: apply the same correct. to
neutrino scattering

we use a parametrization fit to data,
independent of Q2

(dominated at x > 0.4 by SLAC(ow Q2)) ¥
new analysis with JLAB data using Nachtmann
variable: ¢ = o ﬁw(high x or low Q?)

QQ
favors slightly smaller correction
(J. Arrington et.al:.nucl-ex/0307012 v2)
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Comparison with Charged Lepton Datfa af high x:

Compare with charged lepton data at high x where nuclear effects are large:
» e-D and u-D data corrected to v-Fe:

» plots show

» data sets: NuleV(Fe), BCDMS(Ds), SLAC(D>)

rl

vV
Fopa

P2 Fopa i high x bins

BCDMS and NuTeV
0.2
0.15 X= 045
0.1 -
0.05 |-
0
-0.05 L2
0.1 [-bcdms D2 * emc e
-0.15 nutev Fe ——1
-0.2 PRI ETT] R ST R
1 10 100
02 SLAC and NuTeV
0.15 : X= 045
0.1
0.05
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,
-0.05 - T TE e
-0.1 + ‘slac D2 *emc -8 - )
-0.15 nutev Fe ———
02 Lol Ll PRI Ll nl il ul
1 10 100 1 10 100 10 100

FoX) 1 Fy(D)

l
» apply 5—2,% corr. (using CTEQ4D)

N

orr. (heavy target)

F
» apply corr.
0.001 y 3 45670.01 s 33 0.1

NMC CaD

> meDn

E665 Ca/D

SLAC E87 Fe/D
SLAC E139 Fe/D

W H
SNRINT 0.9
AN N
Cal RN\

—— Parameterization

~~~~~~~~ Error in parameterization  H
H 0.7

Ty 1.1

id10

1 111111
2 3 4567
0.1
X

1 11111
2 3 4567

» EMC corr. dominated by SLAC data

(at high x)

» NuTeV datais in a higher Q2

region

» NuTeV differs frorn BCDMS(Ds) X emceor:OY ~ 7% at x=0.55 and 0.65

» NuTeV differs from SLAC(Ds) Xemceorr

by ~ 5% at x=0.55 and ~ 7% at x=0.65

» From comparisons to F3 HEORY gnd charged lepton F24T4 we could conclude that v-scattering

favors smaller nuclear effects at high x
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Conclusions:

» NuTeV has extracted the most precise neutrino and antineutrino differential
cross-section to date;

» NuTeV has a unique feature: SignSelected Beam:

» high-y data previously unaccessable;

» NuTeV has good agreement with previous neutrino experiments in all kinematic region
except for high x where NuTeV favors a higher differential cross-section than CCFR :
eat x=0.45:5% eat x=0.55:10% eat x=0.65:20%:

» At large x NuTeV is higher than theory curves:
» assumption for nuclear corrections (large for charged lepton data);

» reanalysis of nuclear effects using JLAB data are now undergoing:
» favors slightly smaller nuclear corrections at high x

» We are performing the final checks.

Future:

» 2 parameters fits;

» QCD fits.
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That’s all

next: additional details
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Nuclear Correction

Parametrization fit to the data: W

0.001 0.01 0.1 1
2 3 4567 2 3 456 2 3 4567
1.1j— | L B B B B I T 1 T 111 T 1 T 11 I_tl_l
- /\ .
10 410
L F 5
:0.9 — T T A =+ 0.9
< s NN N« W fh
N OB | T o NMC Ca/D i
E L S— 1 e SLACES7FeD :
08K | .- m SLACE139 Fe/D 08
[ et L A E665 CalD :
= — Parameterization 4
- e Error in parameterization
O.7H. ... R AN N N A W R L 1110407
2 3 4567 2 3 4567 2 3 4567
0.001 0.01 0.1 1
X
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Comparison with Charged Lepfon Data:

F2
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0.3

02°
057
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T T rorTTT T ]
i =0.4500 - -0+ 1
e
- e
i B
- t L
| | 1
L IIIJ‘I0 III]-IQO T
X=.55 e
%
)
- @,
B X o
Ll .....|EI )
| ””1|0 1(|)0 .
x=0.6500 - -o--
- ®
e%z |
0 g,
v “ &
1 11 11 III 11 III 1 1 1
1 10 100
nu_data*corr_mc slac ---e--
using CTEQ4D for 5/18th ey +- -0 -
world data * emc corr
ocfr e~

» Data sets considered: NMC, SLAC,
BCDMS deuteron data

» In order to compare these data sets with
neutrino:
» Corrections to charged lepton data:;
» apply Ilj—é (using CTEQ4D pdfs)

N
» apply % (heavy target)

» NuTeV in good agreement with CCFR af
low and medium x

» NuTeV in good agreement in medium X
with charged lepton datfa

» NuTev systematically above at high x

» NuTeV favors smaller nuclear effect
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Differences with CCFR

Weighted average over all energies and y bins in each x bin of the relative ratio between

CCFR and NuTeV at the level of the cross-section, for neufrinos and antineutrinos:

(Onutev-Occfr)/Onutev

(Onutev-Occfr)/Onutev

0.3
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0.2
0.15
0.1
0.05

-0.05
-0.1

0.3
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0.2
0.15
0.1
0.05

-0.05
-0.1

Neutrino ——e— 3

E [
e ®
- % €
E ® ® ® -
'_§ <
ol | | | | | | | | | | |
n 1 o Lo Lo Lo Lo Lo Lo Lo Lo
— ¥ O N N~ N N~ (32} < Te] ©
= =D 1 N N o o o o
o O o o o o

X
T T T T T T T T T T ) i E
E f AntiNeutrino +——e— 3
E E E
T L3 [3
E (3
C_1 | | | | | | | | | |
n Lm0 oo Lo Lo Lo Lo Lo Lo Lo Lo
— S O N ~ N N~ ™ < Te) ©
e Qo F! N N o o o o
o o o o o o

X over all E bins
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Neutrino Beam

NuTeV Neutrino Flux Prediction SSQT . Selected Quadrupole Train
Sign

] - Wrong-Sign =K

Exd®/dE, (/10° POT)
3
[

DUMPED
— Protons
) DUMPED
L e R ~ ~ Right-Sign n,K
50 100 150 200 250 300 350 400 450 500 ACCEPTED
E, (GeV)
5 - » selects v or 7: ¥
3 104E U,
© il » inrmode: 3 x 1074 v
o)
U1 » invmode: 4 x 10~ 3 v
O
AN
50 » tag leading muon
3 ! ! S NI N IR N NI
L 50 100 150 200 250 300 350 400 450 500 .
E, (GeV) b access fo high y data
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Cross-Section Model

» BG parametrization of the valence:
xuy (x, Q%) = ul°t xF1(1 — x)F2 + AV2x"3 (1 — x)®4 + AV3x®5 (1 — x)T6
xdy (x, Q%) = d°* xu, (x, Q%) - (1 — x)
Y g mQ2/AR
E; = Ejo + Elllnm
» BG parametrization of the sea:
xii(x, Q%) = xd(x, Q?) = m(AS(l — x)B% 4 AS2(1 — x)F52)
xs(x, Q%) = x8(x, Q?) = 2(,{1:_2) EéJSH (ES + a + 1)(1 — x)B5*«

B SQo—ASq /(ESq+1)
AS = (ES + 1) (53 =A%, /(BS; T (BS572))

S AS
AS = (ES + 1)( %282+12)
ASy = ASs0 4+ AS211n(Q?)
ES; = ESa + ES211n(Q?)

» Exponents (E;) and normalization terms are fitted to NuTeV differential cross-section data every
loop of iteration.

» for Q2% assume GRV evolution

b assume m. = 1.4GeV, the standard W-mass and R, = RworLp
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Higher Iwist

F2proton

F2proton

F2proton

» Fit to ep. ed data (SLAC BCDMS) to parameterize Target Mass and Higher Twist effects in parton-level
cross section model

» important at high = and low Q2.

» At high x and low Q? have to take into account the nucleon mass — redefine x including these
corrections which come as 1/Q? term (Target Mass effect )

» At low Q2 the lepton-nucleon scattering involves a double parton scattering. The contributions
from HT diagrams are supressed by powers of 1/Q? as compared to the leading twist diagrams.

0.16 ‘ 012 - ‘
015 x=0.5500 —e— 4 011 | ¥=0.5500 —e— |
014 ]
1 o1
] 15 009
011 1€ o0.08
0.1 13 o007
0.09 S
0.06
0.08 - 2
0.07 1 0.5 / Q +B
0.06 0.04 X = X 2—
0.05 L L 0.03 I I Q —|—AX
009 10 100 0068 10 100
' ‘ %=0.6500 —e— 0.06 | ‘ %=0.6500 —e— - Q2 / 2
1 oest : Fo — (50 5)F2(x', Q%)
007 18 o0.045 i Qc+C
0.06 1 o004
0.05 g 0035 A 0.57
004 E oo
0.02
0.03 | ‘ 0 | | B 0.22
0.02 0.01
0.0 ‘ 0 100 0.03 ‘ 0 100 C 0.06
| x=0.7500 —e— | x=0.7500 —e—
0.035 0.025 | g 2
003 | £ ool | x < /dof 792/312
L —Ho
0025 > 0015 E
0.02 {2
0.015 I K ooort \ |
001 | 1 o005} |
0.005 1 0 1 ! !
1 10 100 1 10 100
log Q"2 log Q"2

V.Radescu NuTeV DIS April, 2004 - p.23/31



NuleV Cross-Section af different energies:
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0.4

0.2

0.3

0.2
0.1

Neutrino

__Anti-Neutrino

?

ES I X:d 015:;

|
|

Z
|

3 S E3 X=OI.275‘§
E: Hfi[—i—}—lilz; - e :: = :i
;_ T 1 1 1 1 d35 _;

ol

o+

U'l.
|

o L

ol

m.

U'l.
|

0.2 0.4 0.6 0.8 0] 0.2 0.4

Y (E=85 GeV) Y

VE doldxdy (x 10 em?/Gev)

_Anti-Neutrino

Neutrino _

%=0.615]

0.8 v}

0.2

(E=215 GeV)

V.Radescu

NuTeV

DIS April, 2004 - p.24/31



Radiative corrections

Total size of the QED radiative corrections fo
of v, (left) and v, (right) CC scaftering as fun

Bardin, D. Y. and Dokuchaeva, JINR-E2-86-26(
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Acceptance plots for main sample
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Acceptance plofts for high-Y (new sample)

Energy = 35 GeV
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Event Display
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AF, model
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Vi 8]
LO slow rescaling:
(¢ +&p)? =p'? =m?
w* S @ ¢ + 26pq + £2M? = m?
c m2 3'32M2 X2M2—>O
s.d_€ 0 o E=z(1+ Q; (1 — 02 )~ z(l1+
0=
Write separately: the charm and non-charm producing piece:
b 20 FyP TP (z) = 20 F)P (z) + 226, (€)
g a:F§p+nCp(a:) = xF3P(x) + %EF:),CP(@
1+ R 1+ R
b FTI (@) = i 0a ] (@) + T 26 R (6)
Q2 Q2
where R(x) - Rworld(x) and R(f) — Rworld(g)
Rworld(z‘.e.Re/ #) corrected for heavy flavor contribution:
cp+ncp
eff _ _Fao© () aM2z2\
R 2a:Ffp+n0p () (1 T Q2 ) 1
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Cross-Section Systematic Uncertainties

Systematic Value o Vector

E, 0.7% 0.007*(1-y)E,
Egap 0.43% 0.0043*yE,
v(v) Flux B/A correction | —0.45 + 0.035 (—1.73 £ 0.027) | 0.035 (0.027)
Me 1.404+0.13 0.13
BGPART AO 0.34+0.17 0.17
BGPAR2 AT 0.254+0.33 0.33
BGPAR3 A2 0.9242.47 2.47
BGPAR4 AV2 -0.108E-24+0.75E-2 0.75E-2
BGPARS EIT0 0.745+0.10 0.10
BGPARS6 ET1 0.089+0.40 0.40
BGPAR7 E20 3.154+0.44 0.44
BGPARS E21 2.474+2.0 2.0
BGPARY S2 0.144+0.1TE-1 0.TTE-T
BGPAR1IO S3 0.125E-140.32E-2 0.32E-2
BGPART1 G3 0.236E-140.38E-1 0.38E-1
BGPAR12 AS20 0.4541.46 1.46
BGPAR13 AS21 0.50+1.78 1.78

Flux normalization: ow + 2.1%
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