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Motivation

High Pt jets in Breit frame sensitive to as and to gluon content of the proton
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Born Level QCD Compton Boson Gluon Fusion

This analysis:
« Measure inclusive, 2-jets and 3-jets from HERA-1 data
« Extract Os from these measurements

Together with high Q* analysis running of as can be tested at
scales ~5+100 GeV



NC Jet Production in DIS in Breit frame

(0;0,0,-0) current ¢ (0:0,0,-0)
MW Q2
Y imcoming ¢ ¥
Born level process QCD compton

Breit frame: proton and virtual photon collide head-on, in the naive quark-parton
model the quark bounces off from the photon

Born level contribution is suppressed

transverse momentum in Breit frame stems mainly from QCD process
Jets well separated from the proton remnant (Pt=0)
longitudinally invariant kr jet-algorithm in the Breit frame,

collinear and infrared safe



Low Q2 NC DIS Jet Event Selection

* Kinematical Region (eX method)

- Bb<«<Q*< 100 GeV?
- 0.2<y<07

Jet Selection

- Inclusive kt algorithm in Breit
frame

-~ PtBreit>b GeV
- -10<nb<« 2.5

- for 2,3 jet cross-sections:
M;1.j2 > 18 GeV



Data statistics

Lumi 21 jet 22 jet > 3 jet
(M p1862V) | (M p186el)
435 pb?t | 164520 ev. |31550ev. |4879 ev.
(230,140 jets)

Monte Carlo files for detector corrections

. DTANGOH 1.4 (CDM)

* RAPGAP 3.1

Lumi=1070 pb-1

Lumi=1550 pb-1 low-x
4180 pb-1high-x
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Jet resolution,purity,stability vs PT, Q2
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Cross-section measurements

Results are presented as differential and double differential cross-sections vs
- Q?, Py for inclusive jets
- Q% and <Pt> for 2-jets and 3-jets, 3j/2j ratios

- Q% and & for 2-jets. 2
Prisi +Pr e o M
<PT>( T.j 112 T.j 1-2} ;_15{14_ ” ]

7 bins in Q% (5-7-10-15-20-30-40-100 GeV?) - for inclusive, 2-jets
4 bins in Q2 (5-10-20-40-100 GeV?2) - for 3-jets, 3j/2j ratios

4 bins in P+ (5-10-15-20-80 GeV)

6 bins in £ (0.004-0.006-0.01-0.025-0.05-0.1-0.3) - for 2-jets
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DetectorxRad and Hadronisation Corrections for incl.jets
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Detector x radiative, hadronisation corrections (Q? distributions)
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Detector x radiative, hadronisation corrections
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Summary systematic errors

Systematic uncertainties are calculated for each bin

source variation effecton cross-section
Electron energy +1% <2%
Electron angle +1mrad <2%
Hadron energy +2% 4+10%
Model dep. (detxrad) (Django-Rapgap)/2 2+15%
lumi 1.5%

trig.eff. <1%



Results



Cross-section measurements

Results are presented as differential and double differential cross-sections vs
- @2, Py for inclusive jets

- Q% and <Py> for 2-jets and 3-jets, 3j/2j ratios

- Q% and & for 2-jets.

Pr iess T Pr M
<P-|-> [ T,jetl 2 T,jetd } § — xﬁj[1+ ji J

7 bins in Q? (5-7-10-15-20-30-40-100 GeV?) - for inclusive, 2-jets
4 bins in Q2 (5-10-20-40-100 GeV2) - for 3-jets, 2j/3j ratios
4 bins in Py (5-10-15-20-80 GeV)
6 bins in & (0.004-0.006-0.01-0.025-0.05-0.1-0.3) - for 2-jets
A

_ | Q+Pr

NLO calculation: NLOJET++  HfH =y 2
as=0.118

CTEQ6.5M proton PDF
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Inclusive
Jets

2-Jets

3-Jets
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Ratios of single
differential cross
sections vs Q2
and <Pt>

Oajed O2jot

Ratios of double
differential cross
sections

T3jef O2.jot
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Inclusive cross-sections: compare experimental and theoretical uncertainties
Inclusive Jet Cross Sections -42;, —do_

dQ2' dEp
<« 3 Hipeim head| § 1 praim HERAL | T § HI pesfin. HEAA
3103“._. o MO 1 4§, %10’;._ =7 %10‘9;&. N0 (14 4,
S Mg om s | 8 P more [ 8
o - L - Il?o B4 & : e ;;7: O Epd & —— ut -IC{’O E:‘l-‘
(g . - g “o - "‘_-:o: 'b e yi =
5 10} - s W - 3 10°F -
3 e E
H1 preliminary - ‘| H1 preliminary g H1 preliminary E
10t i 10L i 10
10 10° 10 10 10 10°
Q” [GeV] Q* [GeV?] Q’ [GeV?)
L 03 03
é 02 o T—— é 0.2 ;E; 02
= 9 . ]
Y e ——— i —————
Rg U R R ! -0.1 01
020 IR 0.2 A2
-3 P 0.3 03
10 < 10 10 - LW 10 < R
Q [GeV’] Q [ GeV'] Q" [GeV’]
=3 Lo $ mpmimuean | > | § Hiproin HERAL | 2 $ HI prefm HER& |
g 10° LNLO* 11 45,0 g 10° —HLO " |14§,) g 10° -0 (140
a2 2 . (0.25- 4057, 2 ; —— FOR et 2 & — G0 116-0 120
b= F - - spmnwoors - 10°F )
I.g " — B 17 B4 l‘l,l " - UEe (O B4 % —— HE - 1074 E7)4
% 10 H=a, % 10 u':-Q: % 10 U=
H1 preliminary __ » H1 preliminary = H1 preliminary x ]
1 1 1}
10 50 10 s 1 %
E; [GeV] E; [GeV] E; [GeV]
L) — 03 £03
£ 02F S— VY =02t
=0 i { | = o = 01
o = | 0 0
T s T
-0 -0 -0
0.2 § I 0.2 02
D3I .03 03
10 0 10 50 10 50
Ep[GeV] E;[GeV] E;[GeV]
scale+hadronization PDF

as(Mz)
Main uncertainties in NLO are from scale variation.



Olg determination

Apply same method as for high Q¢ analysis: use FASTNLO tables,
Hessian method

HESSIAN y
~ Data, —Thr,(1-f,)

Chi2 definition 4

Hncor .1

']: — Zcon‘ 5VS 51 SJ'
2 2 n 82
4 _Z’Zi Zcon‘sy@. J
i

Cross-check with interpolation method, using NLOJET++ to
calculate grids of p., y; and as



k-factors (NLO/LO) vs P+

Inclusive jeis- k-facior vs Eil in Q2 bins
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doubts about convergence of
perturbative series
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Fit results comparison

as fit with

Interpolation
Measurement ags(Mz) | method
0 (Q% Pr) | 0.1180 | 048

0riet (Q2, (Pr)) | 0.1155 | 0.1155

oyt (Q% (Pr)) | 0.1170 | 0.1179

Ciets Oiets O3jer | 0.1160 | 0.1169




So we use FastNLO approach and extract a, using the following
data seft:

1. Inclusive Jets = f(Q%,P+) 28 bins

2.2-jet f(Q?,<Py>) 28 bins

3. 3-jet f(Q?,<Pp) 16 bins

4. Scale choice similar to high Q? (us= Q appear to be too small)

Q2 +P'I'2ab=
l'lfr IJr- — 2 -

As FastNLO wants to operate with identical measured and scale
variables ->

Ptobs = Pt for inclusive jet,
Ptobs = <P for di- and trijet.



Uncertainty

Measurement as(Mz) experimental | theory | PDF x*/ndf
it (@2, Pr) 0.1180 0.0018 99122 | 90022 | 175121
Triet (@Q%, (Pr)) | 0.1155 0.0018 o021 0.0025 | 14.3/23
034 (@, (Pr)) | 0.1170 0.0017 toooe | 0.0014 | 11.0/15
Tiety O2-jety O3et | 0.1160 0.0014 o0 | 0.0016 | 50.6/61
O 3ot [ T2jet 0.1215 0.0032 o008 10.0013 | 11.9/13
for high Q2 Jets (Q2>150 GeV2) was
+0.0046

as(Mz) = 0.1168 £ 0.0007 (exp.)

—0.0030

(th.) & 0.0016(PDF)




Uncertainty

N\ /i ) . A
Measurement as(Mz) | experimental | theory | PDF | X*/ndi

Ojety O2-jety T3-jet

k-factor<2.5 0.1160 0.0014 | s | 0.0016 | 50.6/61
all k-factors 0.1171 0.0014 | F00104 1 0.0017 | 95.4/71

—0.0087
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o from Jet Cross Sections

" H1 data for Q® < 100 GeV?
e H1 data for Q> > 150 GeV? (DESY 09-032)
B== o, fit from Q%> 150 GeV? (DESY 09-032)

Theory uncertainty from Q? > 150 GeV?
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" H1 data for Q° < 100 GeV?
e H1 data for Q% > 150 GeV? (DESY 09-032)
&=4/(c, fit) from Q? > 150 GeV? (DESY 09-032)
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H1 high Q? jet multiplicities
DESY 09-032 [arXiv:0904.3870]

H1 low Q? jets
this paper

ZEUS vp jets

ZEUS-prel-08-008

ZEUS high Q2 incl. jets
ZEUS-prel-09-006

LEP 4-jet rate

Prog.Part.Nucl.Phys.58:351-386,2007

Bethke

Prog.Part.Nucl.Phys.58:351-386,2007

—eXp. uncert.

===th. uncert.

0.11

0.13

og(M,)



Summary

The first time in the world differential and double differential
cross sections for inclusive, di-jet and three-jet cross sections at
low Q2 DIS are measured (Eur.Phys.J. C67 (2010) 1, 11/09 )

the measured cross sections are in good agreement with NLO

QCD calculations (NLOJET++) using the renormalization scale
ur2=(Qz+Pv2)/2

- NLO scale uncertainty is the dominant theory uncertainty

Os is determined from the fit to the data.
It is consistent between different points and is in good
agreement with the measurements at high Q2



