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jJet Production in Leading Order

e

Momentum fraction of struck parton (in LO): & = :13 14

M122
QZ

Boost to Breit frame, 2P + g =10

o Kfv TPT

only EW
coupling ¢ (X o (Xs

Only hard QCD processes generate considerable Pt in the Breit frame
n-jet production in LO o« o™
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Multijet Measurement

Neutral current phase space:
150 < Q? < 15 000 GeV?

02<y<0.7 a
—>
Common Jet Phase Space:
-IO < nlab < 25
Inclusive Jets:
7/ <Pt <50 GeV o2
Dijets and Trijets: Y
5 < Pr< 50 GeV. e
Mi2 > 16 GeV !
Mi2

inclusive kr algorithm with Ro = |

et
i

et
} scattered

electron

... virtuality of exchanged boson
... inelasticity

jet pseudorapidity in lab frame

... Jet transverse momentum in

Breit frame

... invariant mass of two leading jets
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Jet and Event Reconstruction

Final reconstruction and analysis software
Improvements in many aspects:

* Track and vertex finding
* Scattered electron: energy and polar angle measurement
* Reconstruction of the hadronic final state

The Hadronic Final State (HFS):

Neural networks employed to separate
electromagnetic from hadronic showers in
the LAr calorimeter

Electromagnetic probability derived from
neural network output

w0

Energy flow algorithm:

1 1 1 _. .:.Eg|fi,£;:.::,:,:1:i:','iii.iiii|ii'.,.,:.:i:i|:i:',:::',:::,'::[:,::,::’,:i:|:i:,'¥,;;,y,:|’;x,’;:;i,i;:;,E:,;,,E,,, ’E’EE:’,;
combines information from tracks and YWY VYRS

calorimeter clusters Network output
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Jet Energy Scale Uncertainty

.;'eCt"O“ Overconstrained

kinematics allow
calibration of jets
= in dedicated
A sample

Calibration takes the probability of
clusters to originate from
electromagnetic showers into account

Improved resolutions

Jet Energy Scale uncertainty of 1% over a
large range in pseudorapidity
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Jet Measurement

FU” Hera-z dataset Wlth m,? - H1 Preliminar ] c:? 10° 3 H1 Preliminary -
y y
~ - x 10% g 150 < Q% < 400 GeV? 3 X - 400 < Q° < 15000 GeV?
L ~ 350 Pb 3 ; ¢ H1lIncl. Jet i 8
-E 10 : I:I Djangoh (rew.é -E
Background between “ = |
|.1 and 0.4% .
107 " E
MCs were reweighted to 102 %%t .
improve the description of b e ] L
. 1'5; 4 Data/Djangoh ¢ Data/? #g,%p
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. o - ‘%Q,'f o r 3
detector correction 05C . ... o ﬁ% N 05F. i .. L +l
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Main experimental uncertainties:

acceptance correction = Ao/0 = 1.5-8%
jet energy scale |% — Acg/o = 2-5%

luminosity measurement = Ao/0 = 2.5%

Measurement of single and
double-differential cross
sections as function of Q2,

Prand &
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Multijet Cross Sections

. Inclusive Jet ¢ H1 Data (prel.) T 102|;r Dijet ¢ H1 Data (prel.) o - Trijet ¢ H1 Data (prel.)
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Data: corrected for detector effects and QED radiation

NLO calculations: NLOJet++ using HERAPDFI.5
0:(M2)=0.118, pir = pir = 1/ (Q* + P2) /2

NLO corrected for hadronisation and effects from Z° exchange

Hadronisation correction 0.94-0.98 (0.8-0.9 for trijet)

Theoretical uncertainty estimated by variation of - and s by a factor of 2

Roman Kogler 7 Jets At High Q? and Determination of ;s @



Inclusive Jet Cross
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Data are well described by NLO calculations over large range in Q? and Pt

Experimental uncertainty of 4-8% about half the theoretical uncertainty
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Comparison With Different PDFs

Inclusive Jet

H1 Preliminary

Central predictions
for different PDFs

1.4 E=8 HERAPDF 1.5 with NLO unc. 1,(M ) = 0.1180
- === NNPDF 2.0 , .
1.3 = CT10 i _ E shown
1.2 i — Different x regions of
- 1 1 1 1 — - 1
- : : '— .| gluon and valence
TR S BT S uon an
= - = == | =m—t ; distributions probed
O - : : : : : . . .
2 e ; ; #“‘*’ﬁ"”‘l’t in different regions of
0.9 i LA S S B IR 5 N Q?and Pt
0.8 i 5 . _
- ; , , , , , Differences small in
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PriGeVl  differences at high Pr
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Trijet Cross Sections
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First double-differential trijet cross section measurement at high Q?

Experimental uncertainty of 6% (low <Pt>) and 5% (high <Pt>)
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Determination of os(Mz2)

NLO calculation depends on PDF and as(Mz)

= Keep PDF (CTI10) fixed and fit a5 (M%)
= Assign an error due to PDF uncertainty

s
Hessian method: Minimise x*(as) O
[d; — t — Air)]?
-y gl Tyadul 5 g
i=1 0y Stat T g; ,UNCOorT L

d; ... measured cross section in bin i

ti ... theoretical prediction for bin i obtained with FastNLO (based on NLOJet++)
Oi,stat ... Statistical uncertainty in bin i

Oi,uncorr ... Uncorrelated systematic uncertainty in bin i

Ai ... effect of correlated systematic uncertainty k in bin i

€k ... free variables of the fit, one for each correlated uncertainty

Statistical correlations taken into account in case of inclusive jet cross sections
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Xs(Mz) From Multijet Cross Sections

Inclusive Jet:

as(Mz) = 0.1190 4 0.0021 (exp.) £ 0.0020 (pdf) Tooose (th.)

Dijet:

as(Mz) = 0.1146 £ 0.0022 (exp.) £ 0.0021 (pdf) To ooqs (th.)

Trijet:

as(Mz) = 0.1196 £ 0.0016 (exp.) £ 0.0010 (pdf) T oo (th.)

Theoretical uncertainty dominates for all observables, determined from
scale variations: Jr and Ms varied by a factor of 2

s from trijet cross sections: most precise experimental result,
smallest PDF uncertainty
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Xs(Mz) From Trijet Cross Sections

H1 Preliminary

AN016__ .
s — Trijet $ o(M)=0.1196 = 0.0016 (exp)
X -
0.15— ¢ individual fit
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Individual fits performed
to all data points

Grey band shows the
experimental uncertainty
of the simultaneous fit

Error bars of individual
fit from uncorrelated
uncertainties only

PDF hadronisation
uncertainty and
uncertainty from terms
beyond NLO not shown
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s(Mz) From Different Jet Multiplicities

Xs(Mz) values from
inclusive jet, dijet and
trijet measurements

by HI

Experimental
uncertainties always
smaller than
uncertainties due to
terms beyond NLO

Dijet data give smaller
values of &s(Mz),
within theoretical
uncertainty

uncertainty
. 2 . . .
H1 high Q° inclusive jet new —o—

- exp.
H1-prelim-11-032

H1 high Q% norm. inclusive jet -
Eur. Phys. J. C65, 363 (2010)

H1 low Q? inclusive jet o |
Eur. Phys. J. C67, 1 (2010)

H1 high Q? inclusive jet
Phys. Lett. B653, 134 (2007)

H1 high Q® dijet few o
H1-prelim-11-032

H1 high Q® norm. dijet -
Eur. Phys. J. C65, 363 (2010)

H1 low Q? dijet o
Eur. Phys. J. C67, 1 (2010)
H1 high Q? trijet
H1-prelim-11-032

new -

H1 high Q® norm. trijet _ol
Eur. Phys. J. C65, 363 (2010)

H1 low Q? trijet —om
Eur. Phys. J. C67, 1 (2010)

World average
S. Bethke, Eur. Phys. J. C64, 689 (2009)

0.11 0.12 0.13
OLS(MZ)
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Comparison With Recent Results

uncertainty
H1 high Q? inclusive jet, NLO new | .
H1-prelim-11-032 -~ =sssesseca==-
H1 high Q2 dijet, NLO new —e—
H1-prelim-11-032 .~ ~ = ===s=====c==-
H1 high Q? trijet, NLO paw —o—
H1-prelim-11-032 .  ==s=======-
H1+ZEUS NC, CC and jet QCD fits, NLO
H1-prelim-11-034 . =es==e====-

H1 high Q* norm. k, multijets, NLO °
Eur. Phys. J. C65,363(20100  ===s======-

H1 low Q” k, multijets, NLO o

Eur. Phys.J.C67,1(20100 = ====s==s=sscsssc----=-
ZEUS incl. k; jets, NLO
Phys. Lett. B649,12(2007) ===
ZEUS incl. anti-k. jets, NLO
Phys. Lett. B691,127 (20100 =s=e-
Aleph 3-jet rate, NNLO
Phys. Rev. Lett. 104, 072002 (2010) --5
Aleph Event Shapes, NNLO+NLLA

JHEP08,036(2009) l=emmemeee
DO incl. midpoint cone jets o

Phys. Rev. D80, 111107(2009) @ =======

World average
S. Bethke, Eur. Phys. J. C64, 689 (2009)

—  exp.

0.11 0.12 0.13
ocs(MZ)
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sSummary

Most precise measurement of jet cross sections at e*e’, ep and hadron
colliders (together with ZEUS dijets at high Q?)

Inclusive jet, dijet and trijet cross sections at high Q? measured single
and double differentially

* Stringent test of pQCD
e Tests of available PDFs

* I[mportant for future combined PDF and s determinations

Extracted values of &Xs(Mz) competitive with other measurements,
dominated by theoretical uncertainties

rijet cross sections give smallest PDF and experimental uncertainties
on (Xs(MZ)

Looking forward to eventual NNLO calculations or resummation
corrections as calculated for the Tevatron
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Xs(Mz) From Multijet Cross Sections

Inclusive Jet:

- 0.0020 (pdf) £500%0 (th.)

as(Mz) = 0.1190 -

- 0.0021 (exp.) 4

Norm. Inclusive Jet (Eur. Phys. ] C65, 363):

+0.0049

as(Mz) = 0.1195 -

- 0.0010 (exp.) -

- 0.0018 (pdf) 190049 (4, )

Dijet:

40.0044

as(Mz) = 0.1146 £ 0.0022 (exp.) = 0.0021 (pdf) ' goss (th.)
Norm. Dijet (Eur. Phys. ] C65, 363):

- 0.0017 (pdf) T2 00ss (th.)

as(Mz) = 0.1155 -

- 0.0009 (exp.) -

Trijet:

- 0.0010 (pdf) T o0ae (th.)

as(Mz) = 0.1196 -

- 0.0016 (exp.) -

Norm. Trijet (Eur. Phys. ] C65, 363):

as(Mz) =0.1172 -

- 0.0013 (exp.) -

- 0.0009 (pdf) T2 00as (th.)
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