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HERA: ep collider, basic kinematics
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= virtuadlity of the exchanged boson:
(et ) @ = - = -(k-KF = sxy
Ziexchanged * Bjorken scaling variable:
x = Q*/2p-q
= inelasticity: y = p-q/p-k
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Jet production in DIS @ HERA

4{
2§=x>/= g g g
1 1 2
X O X O X O

2 large scales in DIS: Q (2-125 GeV) & Pri¢' (5-80 GeV)
typical choices for pQCD calculations are:

ne = Q
e = Q or Pr" (ZEUS)
uer = VU@ + (PH¥)/2] (H1)
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Jet production in DIS @ HERA

tracks and calorimetric
energy deposits are
measured in the laboratory

Jet finding is usually performed in the
Breit frame (in analogy to e+e-)

(0,0,0,-0) current ¢
QPM process generates no pr (e

y* Incoming ¢

Born level process

(0;0,0,-Q) &
only QCD processes generate pr ’ :

QCD compton
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Jet finding: kr, anti-kr & SIScone

et
Requirements for comparing jet cross sections with pQCD: 3 @ oo
- factorization = in DIS perform measurement in Breit frame 0. 0%
- collinear & infrared safe jet algorithm — kT, anti-kr & SIScone
( . . .. . qu Qny 44 Cacc’bh,
Sequential recombination algorithms: “S 8 Sala,
d;; = min(kri, kr;)?? AR?/R? and d;p = k22 | 45 N “Gs%z)
with AR? = (1; — n;)% + (¢: — ;) "e"
p=1=kr at HERA typically
= -1 = anti-kr R=1.0
- J
4 )
S1Scone:

seedless iterative cone with split merge (0.75)

\finds stable cones, i.e. cone axis = momentum sum of particles )
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H1: Multijet cross sections at low Q?

= arXiv:0911.5678, HERA-1 data, 44 pb™!
= DIS phase space: 5 < Q° < 100 GeV?, 0.2 <y < 0.7
= jet phase space: -1.0 < Njet b < 2.5
" incl. jets, 2-jet, 3-jet: pr > 5 GeV (Breit)
" 2-jet & 3-jet: M12 > 18 GeV
= cross sections are measured as function of G, pr (<pr>) and &

= main experimental uncertainties:
" jet energy scale 2% — Ad/o = 4-10%

" uncertainty in acceptance = A o/ 0 = 2-15%

* NLO calculation: NLOJET ++
" MSbar scheme for 5 massless quark flavors,
" ke = pe = \/(Q2 + PT jet) /2
"= PDFs: CTEQ6.5M
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H1: Multijet cross sections at low Q°

Inclusive Jet, 2-Jet and 3-Jet Cross Sections
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measurements are well
described by NLO

exp. uncertainty 6-11%
theo. uncert., dominated by
renorm. scale uncertainty:

30% (lowest Q° and pr) to
10% (highest Q% and pr)

pdf uncertainty: 6 to 2%

low predictive power of NLO
at low Q2 and/or low pr

— orders beyond NLO are
needed to match the
precision of the data



H1: 3-jet/2-jet ratio in Q2,<pr>

3-Jet to 2-Jet Ratio
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= reduced sensitivity to renorm. scale variation in theory

= good description of ratio by NLOjet++
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Hl: as from low & high Q° jets

4 )
= at low Q?, extraction of as(Mz) from double diff. incl. jet, 2 and 3-jet cross sections

using the kr jet finder: as(Mz) = 0.1160 & 0.0014 (exp.) T0 0075 (th.) £ 0.0016(pdfs))

o from Jet Cross Sections in DIS

N
= at high Q°, extraction of o s(Mz) Ug

"  H{ data for 5 < Q% <100 GeV?
* H1 data for Q? > 150 GeV?

Fit from Q%> 150 GeV? [arXiv:0904.3870]
a, = 0.1168 % 0.0007 (exp.) *29% (th ) + 0.0016 (PDF)

=— Central value and exp. unc.
Theory®PDF unc.

from double diff. normalized incl.
jet, 2 and 3-jet cross sections using
the kr jet finder:

o
N
()]
T T T ] T T 1

as(Mz) = 0.1168 4 0.0007 (exp.) 0.20

i‘ggggg (th.) + 0.0016 (Pdfs)

\__central value of as(Mz) using anti-kr is within 0.6% / 0.15

remarkable agreement between 010

low and high Q° extraction & with o '1'0 — (|) 2
QCD expectations 1 / GeV

for high Q2 results see Moriond 2009 and Eur.Phys.J. C 65 (2010) 363
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ZEUS: Incl. kr, anti-kt, SIScone jets

= HERA-1 data, 82 pb™!, DESY-10-034, arXiv:1003.2923
= DIS phase space: Q2 > 125 GeV?,

cosvh| < 0.65

= jets are found in the Breit frame using anti-kr and SIScone
= jet phase space: at least one jet with -2 < 1 < 1.5, Er > 8 GeV in Breit frame

* incl. jet cross sections are measured as a function of G and Er
= results using kr from same data, published in Phys.Lett. B 649 (2007) 12
= main experimental uncertainties:
" jet energy scale 1% (Ev i > 10 GeV) to 3% for lower Evjas = A 0/0 = 5%

" uncertainty in acceptance = A o/o = 4%

= NLO calculations: DISENT & NLOjet++
" MSbar scheme for 5 massless quark flavors

" uf=Qand ur=Er
" PDFs: ZEUS-S parametrization
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ZEUS: Incl. kr, anti-kt, SIScone jets
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= data and NLO are in good agreement

= hadronization corrections are smallest
for kr and largest for SIScone
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theory uncert. as a funct. of Q? varies from 3-7% (3-10%) for the anti-kr (SIScone)

with SIScone slightly less precise

have similar precision,

—kt

and anti

NLO using kr
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ZEUS: xsect ratios

of data & of NLO

Examples of diagrams contributing to incl. jets in

Breit frame
(04 s1 (04 52 (04 53
(a), (b) o (¢) o
e e o
tree 1-loop £60R
(d) (e) §
e e
do'anti—kT /dX 1 daanti—kT /dX — dO’kT /dX 14 Cag’ tree (f) e, 1-loop
dow,./dX do.. /dX - Acs + Ba?2 £
dJSIScone/dX —1 dUSIScone/dX - dO‘kT /dX 1 Dag -+ Ea‘;’
dow,./dX doy,./dX - Aas + Ba?
tree
note: for the cancellations to work, the differences are calculated on an event by event basis
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ZEUS: xsect ratios of data & of NLO
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= in Er the ratios differ from unity by < 3.6%, except at highest Er (10%)
* in Q they differ by < 3.2 %
) data ratios are well described by predictions up to O(s°)

= in ratio, theoretical uncertainty mainly due to hadronization uncertainty
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ZEUS: determination of o s(Mz)

= use data on d 0/dQ? for Q? > 500 GeV? (to minimize error on o s(Mz))

=  NLO calculation using DISENT

= PDFs: ZEUS-S parametrizations for five different values of as(Mz)

= main uncertainties on o s(Mz)

The values are very similar, differences comparable to terms beyond NLO

Giinter Grindhammer, MPI Munich,

jet energy scale = 1.9 to 2%

terms beyond NLO =» 1.5% (method by Jones et al.)

pdfs =» 0.7 1o 0.8%

hadronization =» 0.8% (kr), 0.9% (anti-kr), 1.2% (SIScone)

Rencontres de Moriond, La Thuile, March 13-20, 2010
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Giinter Grindhammer, MPI Munich,

Multijet cross sections for G < 100 GeV? in good agreement with
expectations from NLO

consistent o s(Mz) & running from low and high Q multijet cross sections

first measurements of incl.
Jet cross sections using
anti-kr and SIScone

the measured cross sections
have similar shapes &
normalization, and they
agree well with NLO
calculations have similar
precision, only SIScone is
slightly less precise

kr, anti-kr and SIScone
lead to similar values of
o s(Mz) with similar

precision.

H1 high Q2 jet k_ multiplicities
Eur.Phys.J.C65:363-383,2010

H1 low Q2 jet k_ multiplicities
DESY-09-162 [arXiv:Og1 1.5678]

ZEUS incl. jets k. 98-00
Phys Lett B 649 (2007) 12

ZEUS incl. jets anti-kT 98-00
DESY-10-034

ZEUS incl. jets SIScone 98-00
DESY-10-034

ZEUS incl. jets kT 05-06
ZEUS-prel-09-006

ZEUS yp jets
ZEUS-prel-08-008

ALEPH 3-jet rate
G.Dissertori et al., arXiv:0910.4283

DO incl. jets
Phys.Rev.D80:111107,2009

World average
S.Bethke, Eur.Phys.J.C64:689-703,2009

— exp. uncert.

or total uncert.
----th. uncert.

Rencontres de Moriond, La Thuile, March 13-20, 2010

0.12

0.13

ocs(MZ)

calculations beyond NLO in DIS are needed !
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Thank you !

Further results from H1 & ZEUS:

http://www-h1.desy.de/publications/H1 sci results.shtml

p:/www-zeus.desy.defzeus papersizeus papers.html

vy
-,

4
4
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Jet finding: kT, anti-kT & SIScone
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10 P.) [ Gev ]
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o from Inclusive Jet Cross Sections
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H1: 3-jets & as
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= NLOjet++ provides also a good description of the 3-jet cross section in
NLO, i.e. O(a53).
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Jet multiplicity & Running o s

Normalised Inclusive Jet Cross Section
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C—a————
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TEH1 b)
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w =\ (Q%+P3%)/2
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Theory uncertainty on @ s(Mz)

= method 1: the fit of as(Mz) to the data is repeated with (1. scaled by 0.5 and 2 in the

NLO calc.: the difference to the result with the nominal scale is taken as uncertainty.
=  the theory uncertainty depends on the data
= method 2: only theory is used (Jones et al., JHEP 122003007), no refit to data

o from fit

NLO with Mr= 0.5 Mr.nominal
i \4 /
) < NLO with pir = Hrnominal
eITor on Ojet / NLO with pr = 2 Prnominat
due to r
> ag(M.)
error on fitted os
due to
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ZEUS: data/NLO for kr & SIScone

ZEUS
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Fitting as(Mz): x?

Minimise X (as( )) defined as: correlated version of 3 (difference/error)?

o

XQ — ‘—/’Tl?\[_l V+Z€‘f

penalty term for fitted systematics
“Hessian” method

M = l’\[bt&t 4 /[ uncor.

Voo ™

correlated for some bins uncorrelated systematics

___exp. theo 2 o
k

correlated systematical error #k

bin #

parameter in fit, pull
“Hessian” method

Exp. uncertainty of fit defined as « interval upto minimum y>+1
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