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Jet physics at HERA

Jet physics at HERA

e ep collider HERA: very suitable environment to do precision studies of QCD
—> tests of QCD in hadronic-induced reactions (  as opposed to ete™ at LEP)
— but cleaner than pp at TeVatron or pp at LHC

e Jet physics at HERA
— tests of pQCD and precision measurements of QCD parameters
— constraints on PDFs

—— Input to understand QCD background and make cross-section p redictions
at LHC
e Jet production at HéERA In different kinematic regimes:
e e
> >
Jet
P
Jet Jet
NC deep inelastic scattering (DIS) Photoproduction (PHP)
ep — e + Jet (+Jets) + X ep — e+ Jet (+Jets) + X
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Jets in NC DIS at HERA

e Jet production in neutral current deep inelastic
Breit frame:

e

ep scattering at O(ay) in the

Jet

roton P pr oton
P Pemnant et remnant Jet

Boson-gluon fusion QCD Compton

e Jet production cross section in NC DIS is given in pQCD by:

. Kinematics:
dojet = Y /dflﬁ fa(z, pF) doa(T, as(UR)s LRy LF)

Breit frame

2 — momentum transfer:
a=q,q,.9 Q2 — _q2 — —(k - kl)2
— fa: parton a density, determined from experiment — Bjorken x: x = 2?3—.(1
- — inelasticity:
— long-distance structure of the target y— g v | _ Ei(1—cos6)
— &, subprocess cross section, calculable in pQCD Pk 25

— short-distance structure of the interaction
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Jets iIn PHP at HERA

e Jet production in photoproduction at O(as):
e Q?: ~ virtuality
W' ~p cms energy
y: inelasticity
T~ (p): Parton momentum
fraction from ~(p)

Jet

photon
remnant

Jet

p proton P proton
remnant Jet remnant Jet
direct photoproduction resolved photoproduction
e Jet production cross section in photoproduction is given in PQCD by:

dojet = Z/dy I57eW) /diﬂp fj/p(®ps 1E,) /dwv fijy(@ys pE)) A6+
1,]

— Measurements of jet cross sections in  photoproduction allow tests of:
structure of the photon PQCD, ag structure of the proton
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Jets and PDFs at HERA

e Very precise jet cross sections in NC DIS and photoproductio n (directly sensitive
to the gluon content of proton ): constraints on gluon density

e The measurements were incorporated in a QCD fit (together wit h structure

function data from ZEUS) to determine the PDFs:

roton
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NC DIS photoproduction proton parton densities
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ZEUS Collab, EPJ C 42 (2005) 1
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Jets and PDFs at HERA

e Very precise jet cross sections in NC DIS and photoproductio n (directly sensitive
to the gluon content of proton ): constraints on gluon density

ZEUS
e The measurements were mcorporated In a QCD fit (togeéo.s;‘l‘ Qlev\ , goosoer | -

function data from ZEUS) to determine the PDFs:
NC DIS photoproduction

O 1E
02 aF 1
oar 4 B vithoutjerdata |
R 7 065 JE 1 withjet data E
10°L X$b5> 0.75 ZEUS-JETS i (ISR NESRENNS I | U RTINS S
E 3 ) T T Tl ” T

o
N
T

gluon fractional er
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S B
& 0L et 4 _% g 1 fot. uncert. E g :
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s 10°: . ZEl;?énd.SJcilgﬁggfﬂ < B, g mmm Jet ener gy scale uncert. At
T“J 1043 L ' 4 % 104? E
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© F (<109
103? 250 < Q% < 500 Gev? E 17 L E ]
C (><104) ] E 4 ]
w 3 500 < Q° < 1000 GeV? E 10 é —
ok 00 ] i S —— S
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e The result was an improvement of the determination of the glu on density
— the uncertainty in the gluon density decreased up to a factor of two for mid-

to high- x

— relevant for new physics searches at LHC ZEUS Collab, EP C 42 (2005) 1
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Constraints on the proton PDFs

e Gluon fraction and theoretical uncertainties for dijet cro Ss sections for
125 < Q2 < 20000 GeV?:
2 on ws<Qemocer | mcgewocar | 8 | Seqezces | m0<Qi<amcar
50.6 é
Predicted g o4 2 Theoretical
£ 02 ® L.
gluon § o uncertainties
fraction: 2 0.8l 500<Q*<1000GeV? 1 1000 < Q?< 2000 GeV? |
> 75% atlow Q2" | j ==
> 50% at 0.2} ! 0.1 1 ]

Q? ~ 500 GeVv? o

0.8l 2000 < Q*<5000 GeV* 1 5000 < Q” < 20000 GeV? ] 5000 < Q%< 20000 Gev2
o6  r 1 0 mm——..r
0.41 [ H,, scale i

PDF uncertainty (CTEQ6.6)

o e [ T
— ZEUS-JETS

o [ RIS e 1 Y S ZEUSS
057215 -1 -05 0-2 -15 -1 05 0 b e
60, (© 2 -15 -1 -05 0-2 -15 -1 -05

log, (E)

— PDF uncertainty large and uncertainty from higher orders sm all in regions of
phase space where the gluon fraction is still sizeable

— potential to constrain PDFs with jet data
ZEUS Collab, ZEUS-pub-10-005
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"f\:ﬂl/,j Constraints on pPDFs: dijet cross sections in NC DIS

2-Jet Cross Section

ep — e + jet + jet + X: dijets at low Q2

e Jets searched using the  kr cluster algorithm in BF & *F 5<Qi<7Gevt| § F 7<Q7<10GeV?
e Kinematic region: 5< Q% <100 GeV? and = ¥ i .
0.2<y<0.7 Lwf . ,
. . B jet 8 f , ' 8 oL .
o TMWJCj ft;wgh VPT >5GeV and —1<npp<2.5 S T
o 2 _
» Small experimental uncertainties : ) weese 4 eeQiezocey
— uncorrelated:  ~ £5 (15)% at low (high) (Pp) & ) &k
— correlated ( energy scale +2% (!)): R X b .
~ 15 (15)% at low (hlgh) (PT> °F 10 P Gev] S ° ¢ 10 P [ Gev]
e Comparison to NLO predictions ( NLOJET++)‘§ | Y T b
— pt=p%=(Q*+ (Pr)?)/2; pPDFs: CTEQ6.5M; & s
os(Mz) =0.118; corrected for hadronisation 57 N
— The measured dijet cross sections are - “[HL : s pHL :
well described by the NLO predictions e e
In the whole measured range o 40<Q? <100 Gev?
%m : * H1data
Qtp NLO O hadr
s fH1 . .
S L =43.5pb~1

P [ Gev]>°

H1 Collab, Eur Phys J C 67 (2010) 1
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Constraints on pPDFs:

ep — e + jet + jet + X: dijets at low Q2

e Jets searched using the kr cluster algorithm in BF
e Kinematic region: 5< Q% <100 GeV? and
0.2<y<0.7
e Two jets with Pp>5 GeV and —1 <%, < 2.5
e MY >18 GeV
o £=uxp;(1+(M¥)?/Q?) estimator of the fractional
momentum carried by the struck parton
e Small experimental uncertainties
— uncorrelated: ~ £+6%
— correlated: ~ 5%

— The measured dijet cross sections are
well described by the NLO predictions
In the whole measured range

e Large gluon fraction atlow Q2

e Theoretical uncertainty dominated by terms
beyond NLO: NNLO predictions needed to

take full advantage of high-precision data
H1 Collab, Eur Phys J C 67 (2010) 1

Jet physics at HERA
dijet cross sections in NC DIS

d6,,,/dQd £ [pb/GeV d6,,,/dQd £ [pb/GeV 06,0, /dQd £ [pb/GeV

d6,,.,/dQd £ [pb/GeV

= =

o o

w S
™

=
o
0

10°

10?

10

10°

10?

10

10?

10

2-Jet Cross Section

=
o
T

5<Q?<7GeV?
£ ¢
E .
- H1 t
107 10"
g
3 10 < Q%< 15 GeV?
§_ .
H1 . o
107 10*
g
20 < Q7 < 30 GeV?
FEH1 +
1(3’2 16'1
13
3 * 40 < Q%< 100 GeV?
H1 ¢

10"

6, /dQd € [pb/GeV ] d3,,.,/dQ% E [pbiGeV ]

d6,,,/dQd £ [pb/GeV

=
o
w

=
(=)
o

=
o

[y

10°

10?

10

10°

10?

10

7 <Q? <10 GeV?
L]

L4

10"
g

15 < Q% < 20 GeV?

.

10"
3

30 < Q% < 40 GeV?

10"

H1 data
NLO O hadr

L =43.5pb1

July 22-28, 2010

C Glasman (Universidad Aut 6noma de Madrid)




ICHEP 2010 Jet physics at HERA | 8

Constraints on pPDFs: dijet cross sections in NC DIS

ep — e + jet + jet + X: dijets at high Q2
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: 125 < Q?*< 20000 GeV? and 0.2 <y < 0.6 ZEUS

e Two jets with Ef;ii'g>8 GeV and —1<nﬁ§B<2.5
o MV >20 GeV

do/dlog, (€) (pb)
|
|
!
|

e Small experimental uncertainties: sy ] et
— uncorrelated: ~ 42 (10)% at low (high) Q2 1 | [ieteneray scale uncertainty | -~ =¢" .
. E F o 2l

— correlated ( energy scale 1% (!) for E*‘Tet > 10 GeV: - 125<@<250Ge? T 2:%<Q?<5ooee\?

~ %5 (2)% at low (high) Q>
_ o i e T

e Comparison to NLO predictions (NLOJET++): of A [+ -
— 1} =Q’ + (Efp)?% nr=Q; pPDFs: CTEQS.6; LAY ! :
as(Mz)=0.118; corrected for hadronisation and ~ ZY LE N e E3 E
F 500<G<1000Ge¥ T 1000<G<2000GeV ]

— The measured dijet cross sections
are well described by the NLO predictions [ i 1

in the whole measured range o | i E
e Gluon fraction still sizeable at Q% ~ 500 GeV?  if * -
e Theoretical uncertainty from higher orders: +6% | 2009500y T 5000<d<200006e¥ ]

-2 -15 -1 -0.5 82 -15 -1 =05 C
log, (&)

ZEUS Collab, ZEUS-pub-10-005
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xtllb Constraints on pPDFs: inclusive-jet cross sections in NC DIS

ep — e + jet + X: inclusive jets atlow Q2

Inclusive Jet Cross Section

e Jets searched using the kg cluster algorithm in BF  § 1° SeQtsTeev | g 1:0 ) 7<Q7<10Gev?
e Kinematic region: 5< Q? <100 GeV? and v F : |
O.2<'y<0.7 Né: 1— Né
o Jets with Pp>5 GeV and —1 <055 <2.5 g 0pHL < UPHL *
) ] ] 10 [Ge ]50 10  [Ge ]50
e Small experimental uncertainties - F i - -
— uncorrelated: ~ =45 (10)% at low (high) Pr 3 . 0<gi<isce | B L 15 < Q7 < 20 GeV?
— correlated: ~ 45 (10)% at low (high) Pr & ¢ =
e Comparison to NLO predictions ( NLOJET++)N§§10.1§_H1 §H1
— wh=p3=(Q" + (Pr)?)/2; pPDFs: CTEQB.5M; * Loy o P e
P, [GeV P, [GeV
as(Mz) =0.118; corrected for hadronisation . o R o
— The measured jet cross sections are g op T me@ewcas | g T a0<Qicdoces
well described by the NLO predictions < < |
. Q 10'g g 10'1?
in the whole measured range £ bl SuwpHL
e Large gluon fraction atlow Q2 0 b jcev)™ 0 b e
e Theoretical uncertainty dominated by terms % “F 40< Q7 < 100 Gev?
beyond NLO: £30% (PDF uncertainty: +6%) & * . H1data
— NNLO predictions needed to take full e NLO O hadr
. _ - . Nb.'ilo‘zg—Hl -
advantage of high-precision data S N —— L = 43.5 pb—1

H1 Collab, Eur Phys J C 67 (2010) 1
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Constraints on pPDFs: inclusive-jet cross sections in NC DIS

ep — e + jet + X: inclusive jets at high Q72

. = L = 300pb~—1!

e Jets searched using the kr cluster algorithm in Breit frame P

e Kinematic region: Q?>125 GeV? and | cos v| < 0.65

e At least one jet with E?I‘f‘,'j3>8 GeV and —2< 7' < 1.5 o 107 ZEUS
5 6 L]
: . g 107  ZEUS (prel.) 300pb™ =
e Small experimental uncertainties: - NLO [0 had) Z° -
— uncorrelated:  ~ £3 (10)% at low (high) Q?/E{,?,';3 % 10 * 7
— correlated: ~ £5 (2)% at low (high) Q% EJ} S 1040 :
e Comparison to NLO predictions (DISENT): 103 o]
— pr=Ey; pp=Q; pPDFs: ZEUS-S; o, (Mz)=0.118; ./ Tt
corrected for hadronisation and  Z° effects 0<Q" <10 G’
— The measured Inclusive-jet cross sections OE o< 2maer
are well described by the NLO predictions 1 - 3
in the whole measured range i "‘\ i
10 B -2< rf§‘< 15 Q%> 5000 GeV? é

1)

|cosy, | <0.65

10 3 [0 jet energy scale uncertainty 3

5 10 15 20 25 30 35 40 45
Efe (Gev)
ZEUS Collab, ZEUS-prel-10-002
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Constraints on pPDFs: inclusive-jet cross sections in NC DIS

ep — e + jet + X: inclusive jets at high Q72

e Jets searched using the kr cluster algorithm in Breit frame £ = 300 pb !
e Kinematic region: Q?>125 GeV? and | cos v| < 0.65
e At least one jet with E%?,%>8GeVand —2<n§t<1.5 o ZEUS
%' z-‘z‘ :. ZEUS (prel.) 300 pb™ Le;gf;grxlftfale ;
e Small experimental uncertainties: | % of \
— uncorrelated: ~ £3 (10)% at low (high) Q*E} T o2k £ E
— correlated: ~ 45 (2)% at low (high) QZIE{,?fB 04" 25<Q <200’ + 20 <o’ :
e Comparison to NLO predictions (DISENT): 04 2¢ng<1s - e
— pr=Ely; pr=Q; pPDFs: ZEUS-S; a,(Myz)=0.118; 02 I™W<0® 4 W=EH 2
corrected for hadronisation and  Z° effects o T T it
— The measured inclusive-jet cross sections i 1 2 ]
are well described by the NLO predictions R TR AT e
in the whole measured range 22 H H ]
— High precision NC DIS inclusive-jet and dijet data oﬁi@:{ Ll
at low and high Q? have the potential to constrain -0z - + S
further the proton PDFs in regions of phase space 04 0@ <%0 - o>swoe’ -

10 20 30 40 10 20 30 40
Efs (Gev)
ZEUS Collab, ZEUS-prel-10-002
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ep — e + jet + X: inclusive jets at high B¢
e Jets searched using the kr cluster algorithm in Laboratory frame

L =189 pb—1

. . . . . . jet
e Kinematic region: Q?<1 GeV?and 0.2<y <0.85 e At least one jet with EY" >17 GeV
and —1<niet < 2.5 ZEUS ZEUS
—~~ 7\ ‘ L T T T ‘ ‘ T ‘ T ‘ T L O L ‘ T T T ‘ LI ‘ T T T ‘ L 1T ‘ T T T ‘ T T T ‘ T T707 L
; > 6 - , + :
e Comparison to NLO & 10 . ZEUS(preI)189 pbl - S . + o<n<r :
L 5 ] o 0o T B
predictions g s — NLO(GRV-HO) e é i I
B - S Or T
(Klasen et al.): 5 Q*<1Gev? i T NLOSpYPDs ]
B _ = I —— ZEUSS/GRV-HO T .
— Up=/ EJet g 10 02<y<085 E 05 __ Zeussarcos | | I
R F i r — ‘ZEUS-S‘/CJK ‘ T ‘ — ‘MSTW?B/GRV‘-HO 7
ZEUS . 1 HA
) L L L L L L L TT E : l< Ja<15 :: 15< Ja<2
2 02 oy e E 3 o5 M ™ T e ]
R N N R N N R 2<% <25 0 i
8 0.2 ?\terms b\eyond o | \ \ \ \ E (x20000) ] [ [ |
S5 04 s5zz: . 15<n%<2 7 .
Fl E B _ L T .
.‘% _0.2 :T‘ ! ‘ ] ‘ ] ‘ ] ‘ ] ‘ ] ‘ ] ‘ \T: (leO) ] 0.5 : i
_‘g Og ?‘hadron£sati0n ‘ ‘ ‘ ‘ ‘ ‘ E il(:lr(])o)<152 1 :} Ly } Ly } TR } e 2\0 \4\0\ L 6\0 8\0
® 0.2 3 E i : 2<n®<25 jet
e A L e o o L L IR 05 % ] E: (Gev)
© 0.2 [ pPDFs = e F % 1 1
§ N ] 1<n'®<0 F-%eexE ) 1 e ZEUS(prel.) 189 pb
F l g 1) <n¥< = 0r ; i
5'0'2ﬂm1}1111}m1}1111}1111}1111}1111}@ B 0(><1r(1>) ' ] C ] ] Jeenergy scale uncertainty
0.2 F'ypDFs = 3r jet energy scale uncertainty 1 05 1 [ theoretical uncertainty
0 - 10 £ [Z7]] theoretical uncertainty E - 1 Q?<1Gev?
_0.2 :T‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\T: :\ ‘ L1 ‘ I | ‘ L1 ‘ I | ‘ L1 ‘\ L1 ‘ L1 \‘ 1 \: _1 7‘ L1 ‘ L1 ‘ L1 ‘ 1 \7
20 30 40 %0 6 70 8 %0 20 30 40 50 60 70 80 90 20 40 60_ 80 02<y<08
(GeV) T (Gev) + (Gev),

— Good descrlptlon of data by NLO QCD, except for low E‘]et h| h net (see page 21)
. Sensitivity to proton ( high E’®%, low 73¢%) and photon ( Iow E°Y high ni°t) PDFs
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ep — e + jet + jet + X: dijets at high Egﬁt
e Jets searched using the kr cluster algorithm in Laboratory frame

e Kinematic region: Q?<1 GeV?and 0.2<y <0.85
o Two jets with EX"' >21 GeV, EX¥ >17 GeV and —1 <ni*t < 2.5

10 ZEUS ZEUS ZEUS
—~~ :‘\\\\ \\\\‘\\\\‘\\\\‘\\\\‘\\\\: —~~ \‘\\\\‘\\\\‘\\\\‘\\\\ —~~ \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\
g . ERING) ) o }
E . ZEUS(prel)189pb* | & « ZEUS (prel.) 189 pb™* 2 « ZEUS (prel.) 189 pb™*
] | . . | @ F 4
S 0 L NLO O hadr: ply PDFs | ri 300 ~ EY>21Gev, B >17Gev 321000 - NLO O hadr: p/y PDFs .
2 (Klasen et al.) E= | 1<ni®<25 s ooy scale | 3 T (Klasen et al.) 1
] ~ J Qy b
B+ 7 ZEUSSGRV-HO| 8 L Q?<1Gev? S - 4 ZEUSSIGRV-HO
L 1
|E 1 L 4 r 02<y<0.85 ) 7 750 | jet energy scale -
_8 E 200 - n uncertainty
0t | | 500 [ E%>21Gev, B > 17 Gev .
- BT >216ev, BT > 17Gev N . . 1<n’®<25
| -1<n’®<25 N ] 100 - . [ Q?<1Gev?
10°L Q?<1Gev? N I 1 250 |- 02<y<085 .
- 02<y<085 AN E I
3 I jet energy scale uncertainty 7 r i
O10:}HHMH;}HH}HH}HHMH‘}: O O e 0 FA R
- L ] - L - L
Z 05 ¢ 4 =2 4 Z 05F 3
o 0 S 1 8 0 5 L TR T T T T T
‘t. - - ] u"': r ] -.."': F 'nnnnnn‘un..'.l.'.l.'.’.‘.l.’.’.'.’!:':’.’.’-’-’-"-’l::ii"‘ ]
S o5 [ —— ZEUSSAFGO4 — MSTWOBIGRV-HO - T g STWOB/GRV-HO +§ 5 _gpfF — ZEUSSAFGO4 — MSTWOS/GRV-HO -
T L —— ZEUSSICIK 1 o L — ZEUSSICIK 1 o L —— ZEUSSICIK 1
P — 7‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘7 P — 7\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7 S 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
20 30 40 50 60 70 80 0 0.5 1 15 2 25 0 01 02 03 04 05 06 07 08 09 1
E. (Gev) n' Xbs

— Good description of data by NLO QCD in the whole measured rang e
— Sensitivity to proton ( high Eﬁl‘ft) and photon ( high 7€, low a;f;bS) PDFs
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ep — e + jet(s) + X: jets at low Q?
e Jets searched using the kr cluster algorithm in Breit frame

e Kinematic region: 5<Q?<100 GeV? and 0.2<y<0.7
jet

e Jets with Pr>5 GeV and —1<npp<2.5
o (MY >18 GeV)

e Small experimental uncertainties
— uncorrelated: < 5, ~ 5, ~ 8%
— correlated: ~ £5, ~ 5, < +£8%

e Theoretical uncertainties:
— higher orders ( £30 (10)% at low (high) Q?)
— proton PDFs ( 6 (2)% at low (high) Q?)
— parton-to-hadron corrections ( *+1—2.5, £1—2, +£5%)

— Good description of data by NLO predictions
— validity of the description of the  dynamics of jet
production at O(a?)

— Measurements provide direct sensitivity to as(My)
with small experimental uncertainties

H1 Collab, Eur Phys J C 67 (2010) 1

do.  /dQ?[ pb/GeV ?] do, /dQ 2[ pb/GeV ?]

2-jet

_/dQ?[ pb/GeV ?]

3-jet

do

L =43.5pb1

inclusive jets

10° e H1 data
. NLO O hadr
[ )
10°F o
F °
- [ ]
H1
100 | .
10 10
) Q%[ GeV?]
dijets
i e H1 data
2 |—
W g NLO O hadr
[ °
i [ ]
10 3 °
n [ )
r H1
10 ?
. Q?[GeV?
trijets [ )
- e H1 data
10 ¢ NLO O hadr
- ¢
o [}
1F
o [ ]
- H1
10 ?
Q*[GeV?]
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chily Tests of pQCD: determination of o

e The energy-scale dependence of the coupling was determined by extracting o«

from the measured jet cross sections at low Qz: . a, from Jet Cross Sections
s :Hl * Hldata
L -o(S fit to jets
— Results in good agreement with the  predicted running of **f Theory [IPDF

a g within the measured range with  small experimental

o 0.20F
uncertainties \

e Avalue of as(Mz) was determined from a simultaneous o)

fit to the inclusive-jet , dijet and trijet measurements: 5 6 7 8 NG
M [Ge

a(M») = 0.1160 + 0.0014 (exDp. +0.0094 th.) €xperimental uncertainty: +1.2%
S( Z) ( p)_0.0079( ) theoretical uncertainty: J_rg:zlg%

* Reduction of theoretical uncertainties can be achieved

o, from 3-Jet to 2-Jet Ratio

by determining s from 5‘% WIGH . H1 data Os | H1 o
the measured trijet to 5 NLO [ hadr B o o oo,
. . Py | ol Theory OPDF
0.2r 0.201~
¢ L ¢ ¢ i
0.1 ; +
0.15
0.0——— ' — I ‘ ‘ ‘ L
10 2 2 5 6 7 8 9 10
H1 Collab, Eur Phys J C 67 (2010) 1 Q” [GeV7] K, [Gev]
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ey Tests of pQCD: normalised jet cross sections in NC DIS

ep — e + jet(s) + X: jets at high Q?

. LA L =395pb—1
e Jets searched using the kr cluster algorithm in Breit frame P
e Kinematic region: 150 < Q? < 15000 GeV? and 0.2<y <0.7
e Jets with Pry>7 GeV, (Prg, Pr3>5 GeV) and —0.8<nlip <2
o (MY >16 GeV)
Normalised Inclusive Jet Cross Section Normalised 2-Jet Cross Section
1:_ H1 1 :_ H1
B B e H1 dat
o L . % ! é o L (— NLOaDahadr
Ez ;I‘_ﬁli‘ Ez i
B B .
o o HERAIPLB 653 (2007) 134 & .
(phase space corrected) o —
al ° H1 data 1l e d
10™ [ NLO O hadr 1075
| | P S T R N | | | PR S T RN A | L |
1.2F 1.2F
d L
e 1_0?%”! 77777 d}' 77777777777777 "-:I. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = o 1_0_{”!,”! ,,,,, 7 Y —— - =
}‘f $
0.8 | | 0.8 | - |
10° 10* 10° 4
Q° [ GeV?] Q° [ GeV?]

H1 Collab, Eur Phys J C 65 (2010) 363
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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ey Tests of pQCD: normalised jet cross sections in NC DIS

ep — e + jet(s) + X: jets at high Q?

. LA L =395pb—1
e Jets searched using the kr cluster algorithm in Breit frame P
e Kinematic region: 150 < Q? < 15000 GeV? and 0.2<y <0.7
o Jets with P, >7 GeV, (Prg, Pry>5 GeV) and —0.8 <1y < 2
o (MY >16 GeV)
Normalised 3-Jet Cross Section Normalised 3-Jet to 2-Jet Cross Section
10" E H1 , - H1
B * H1data 0.2~
o L C—INLO O hadr g, X
s f m— I LIPS -
o R 5 01—
o — ™ * H1dat
- el © r E=INLO U hadr
1.2:. RS | \ L ] 1.2_. L ] |
T T s
Q: 1.0__i”’f’”;”jj’""""’}”’”””””””””’],’ ”””” - D: 1.0?*”’!””! ”””””””””” F I
0.8__ L - N 0.8C_. L . L
10° 10* 10° 10*
Q° [ GeV?] Q° [ GeV?]

— Good description of data by NLO predictions
— validity of the description of the  dynamics of jet production  at (’)(ag)

— Measurements provide direct sensitivity to as(M ) with small experimental

and theoretical uncertainties
H1 Collab, Eur Phys J C 65 (2010) 363
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oy
ep — e + jet + X inclusive jets at high Q2 Normalised Inclusive Jet Cross Section
e Jets searched using the kr cluster algorithm in BF 1?H1 150<Q20cet ?Hl 0 <Per0cRt
e Kinematic region: 150 < Q?* < 15000 GeV? and 9 1°‘:':\=': 1°‘:'=‘='=
0.2<y<0.7 = o = | '
e At least one jet with Pr>7 GeV and —0.8<nﬁ;B<z 12:,,, e 12:, y =
e Small experimental uncertainties . ——
— uncorrelated: ~ #£3 (10)% at low (high) Q?/Pr 8 10 S s 10 2 e
— correlated: ~ 42 (4)% at low (high) Q?/Pr T egemant O T acqemocar O
e Theoretical uncertainties: 9 T °1
— higher orders i‘i 10— - 10—
— proton PDFs s o
— parton-to-hadron corrections o zé fffff = zé fffff =
8 10 20 30 40 8 10 20 30 40
— Good description of data by NLO predictions - T Rt
— validity of the description of the ~ dynamics 2" p——maoeee
of jet production  at O(a?) E I O
— Measurements provide direct sensitivityto =~ [ | f [Owoone
as(Mz) with small experimental and ¢ L — 10j——
8 10 20 30 40 8 10 20 30 40
1 el e T S £ = 395 pb—1

July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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D Tests of pQCD: determination of a

e The energy-scale dependence of the coupling was determined by extracting o«
from the measured normalised jet cross sections at high Q>

Normalised Jet Cross Sections

: . ag | | | |
— Results are in good agreement with the il H1 . combined H cata (nct, 2- 34
predicted running of ag with small 0.20 == i
experimental and theoretical uncertainties i Theory uncertainty

In a wide range of the scale

+ Reduction of experimental ( extraction from 0.15
normalised cross sections ) and theoretical
(extraction at higher Q?) uncertainties

0.10—

H [GeV]
e A value of as(Mz) was determined from a simultaneous fit to the normalised
Inclusive-jet , dijet and trijet cross-section measurements:

. 40.0049 experimental uncertainty:  +0.6%
as(Mz) = 0.1168 + 0.0007 (eXp’)—0.0034 (th.) theoretical uncertainty: fg:g%

H1 Collab, Eur Phys J C 65 (2010) 363
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)




ICHEP 2010 Jet physics at HERA 18

ep — e + jet + X: inclusive jets at high Q72
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: Q?>125 GeV? and | cos v| < 0.65 ZEUS

. - jet o jet B ! ‘ ‘ ]
e At leastone jetwith B35>8 GeV and —2<ny <1.5 E . . ZEUS (prel) 300ph" -
: . 3 — NLO Ohadg Z°
e Small experimental uncertainties o 107" ,,
— uncorrelated:  ~ %3 (7)% at low (high) QzlEi‘?’tB % -
— correlated: ~ 5 (2)% at low (high) Q% Ei S 02 )
e Small theoretical uncertainties :
—s higher orders ( below 5% for Q? > 250 GeV?) 10 '3; E: >8GeV E
— proton PDFs ( below :|:3%) ; -2<nf<15
— (M) (below £1 (2)% at low (high) Q*/E}y) 10" osy, <065 ]
— parton-to-hadron corrections ( below +2%) T
— Good description of data by NLO prediction > o, [ jetenergy seuncertainty E
— validity of the description of the  dynamics f 0 [ —————
of jet production  at O (a?) S02 - [ theoretical uncertainty E
T-04 L il E

3

— Measurements provide direct sensitivity to 0 108
as(M z) with small experimental and theoretical uncertainties Q° (Gev?)

ZEUS Collab, ZEUS-prel-10-002
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Tests of pQCD: determination of g 3

e The energy-scale dependence of the coupllng Was determined by extracting o«
from the measured da/dE B at different E B values:

10 “ E K - |
3 . ZEUS(re) 300pht 022 | oZEUS(|oreI.)300|ob1 .
?é — NLOOhadg Z° i . corr.uncert.
w2 10 - 4 0.20 - 0 th. uncert.
i g ] - — QCD
3
o)
© L >0.18 -
T -2<n§<15 0.16 -
10 '1? Q?> 125 Gev? J
" |cosy,|<0.65 014 -
9 04 e T
<02 - " jet energy scale uncertainty 3 5 10 15 20 25 30 35 40 45 50 55
SRR LR, SeSS— |
N : ] Jet
%.-0.2 a [77] theoretical uncertainty ] B(GeV)
T4 B 3 — Results in good agreement with the  predicted
5 10 15 20 25 30 35 40 o 45 50 55 ) . J et
ETs (GeV) running of «ag over a large range in E

e Avalue of as(My) was determined from Q% > 500 GeV?:

: L +3 1
- +0.0037 40.0022 experimental uncertainty: 6 /0
as(Mz) = 0.1208 —0.0032 (exp.) —0.0022 (th.) theoretical uncertainty: :|:1 9%

ZEUS Collab, ZEUS-prel-10-002
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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ep — e + jet + X: inclusive jets at high B¢
e Jets searched using the kg cluster algorithm in Laboratory frame
e Kinematic region: Q?<1 GeV?and 0.2<y <0.85 ZEUS

o Atleastone etwith By >17GeVand —1<n®<25  § R zeuspra umpnt
e Small experimental uncertainties 5 -0 (GRYHO)
— uncorrelated: typically < £4% 5 - 10 _ ]
—s correlated: ~ +£5% T
e Small theoretical uncertainties | 3 1 3
— higher orders ( 10 (7)% at low (high) EX") i
— proton PDFs ( £1 (5)% at low (high) EX") 0 ¢ | E
— photon PDFs ( —10 (—2)% at low (high) EX") o ;;nl‘?vi-s
— o, (M) (below £3%) P gaey<oss ;
— parton-to-hadron corrections ( below +3%) 10 e b bt e
o o @) N R RN RN RN RN R
— Good description of data by NLO prediction S 05 ~ I jet energy scale uncertainty 4 .
— validity of the description of the  dynamics f 0 1 | :
of jet production  at O (a?) S 05 [ theoreica uncertamy :
-dj - \ e b b b ]

— Measurements provide direct sensitivity to % 30 10 0 e 10 o oo
. . . . . J
aS(M Z) with small experimental and theoretical uncertainties E; (Gev)

ZEUS Collab, ZEUS-prel-10-003
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Discrepancies at high 3¢t might be due to ~PDF
— vPDFs: AFG04 (
— Non-perturbative contribution

) gives lower (

g or non-perturbative effects
) prediction than .GRV-HO
increases jet rate at high 7P¢*

. - . . . iet
ep — e + jet 4+ X inclusive jets at high  EJ; P ——
ZEUS ZEUS ZEUS
Blmo T T ‘ T T ‘ T T ‘ T ‘ \\\\\\\\\\\\ <‘ Blmo L \\\\\\\\\\\\ ‘ T ‘ T T ‘ T T ‘ T -\1\ 3 400 T T ‘ T T ‘ T T ‘ T ‘ \\\\\\\\\\\\ <‘
= | e ZEUS(prel.) 189 pb™* A * ZEUS(prel) 189pb™ | o | e ZEUS(prel.) 189 pb™*
< jet o | jet
B_ £% >17Gev Ej" > 17 GeV r >176w s NLO (GRV-HO) Ej" > 21 GeV
5800~ ) - . <1GeVv? 1 ©
B Q°<1Gev , B L B 300 — _
o 0.2<y<0.85 S L 02<y<085 9
600 |- - 600 i
$ 200
400 - NLO: p/y PDFs l 400 - l
— ZEUS-S/GRV-HO — NLO
sec
— ZEUS-S/AFGO4 —— NLOONP (p;,,,=1 GeV) 100 -
2007 ] 2007 sec ] 2<1G VZ
— MSTWO8/GRV-HO —— NLO O NP (py y=15 GeV) i Q ¢
—— ZEUS-SCIK - ~—— NLOO NP (p] ;=2 GeV) - 02<y<085
o : o O:MH‘HH}HH}HH}HH‘HH‘HH: o O:M\\‘1H1}HH}HH}HH}HH}HH
- L - L ] - L . . ]
Z 0or Z 05 f+ o Z 05F j et energy scale uncertainty -
8 E 8 E E 8 E P ) [ ] TE
o 0 o o | & O E
T .05+ T 05k jet energy scale uncertainty 4 T .05F [7I7] theoretical uncertainty ]
O - 17 @ B ] O - ]
S _1 S _1 I ‘ I | ‘ I ‘ I ‘ I ‘ I ‘ I S _1 I ‘ I | ‘ I ‘ I ‘ I ‘ I ‘ I
-1 05 O 0.5 1 15 2 2.5 -1 05 O 0.5 1 _62t.5 -1 05 O 0.5 1 15 2 _62t.5
J J

. . . : 1et
— Disagreement between data and NLO disappears when increasing E?l?
ZEUS Collab, ZEUS-prel-10-003

July 22-28, 2010
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Tests of pQCD: dijet cross sections in PHP

ep — e + jet + jet + X: dijets at high E%‘ft
e Jets searched using the kg cluster algorithm in Laboratory frame

e Kinematic region: Q?<1 GeV?and 0.2<y <0.85

e Two jets with EI*>17 GeV, —1 < ni*t < 2.5, M > 60 GeV and | cos 8% < 0.8

17 ZEUS ZEUS
. JJ *. /-\10:‘ \‘\\\‘\\\‘\\\‘: ,-\300 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\\\\\\\\\\\
cos 07 |: < 10 R 1
. D e ZEUS (prel.) 189 pb 2 e ZEUS (prel.) 189 pb’
— well suited to test ) 1 =
. . S NLO O hadr: p/y PDFs | *ga NLO O hadr: p/y PDFs
underlying dynamics s L (Klasen et al.) 18| Kiaseneral)
— M sensitive to form = : P4 ZEUS-SGRV-HO - %200 | F4 ZEUS-SGRV-HO |
. E B ]
of matrix elements 5 ° Lﬁcg“te;%fa‘e
— 0* sensitive to spin of 10 E
. Fooe
exchanged particle - By >17GeV i
20 | -1<n'7 <25 100 - _
2 UF 2| Q*<1Gev? | -
S C . X\?BS< 075 10 = = — '::,1 5 )
I N - 02<y<085 - Q%<1Gev
£ Y " JcosB’| < 0.8 ] ET >17Gev 02<y<085
8 - NLO QCD / L il jet ji
= % f 4 jet energy scale uncertainty - -l<n’®<25 M" > 60 Gev
éls’ o 10 :}H;MHMHMHMH}: o 0:11HM1HM1HMm};m};m};m}m;:
5 [ I r ] I r ]
© r Z 05 ] Z 05 -
10 r 8 E I ] 8
i N 0 r mi I T ] N 0 R T W M™%
5 = B ] =
i iy T-05 | -4 ©-05 ¢ =
07“”“““”"““”“““‘““““““‘ E E\ TR T T AN N R N SO ST B B \E E E\H\\\\H\\H\\\H\\HH\HH\HH\HH:
0 01 02 03 04 05 06 07 08 60 80 100 120 140 160 0O 01 02 03 04 05 06 07 08
e CO.
MY (Gev s3]

— Good description of data by NLO prediction

— validity of the description of the  dynamics of jet production  at (’)(ag)
ZEUS Collab, ZEUS-prel-10-014
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Tests of pQCD: determination of o

e The energy-scale dependence of the coupling was determined by extracting o

Jet - jet _

from the measured do/dE7 " atdifferent E7." values: ZEUS
ZEUS

TT T T T T T UUJO.].?i T T ‘ T T T T ‘ T T T

<) FrrrrrprrrrpTT I I I IR B ‘ ‘ ‘ ‘ ‘ ‘ ‘ ! ‘ ‘ ‘ ‘ ‘*
% 102 * ZEUS(prd) 189pb* o ZEUS (prel.) 189 pb™
?é — NLO(GRVHO) 016 - 0 corr. uncert. ]
6 v 10 L i i 0 th. uncert. 1
L e - — QCD
3 i 0.15 -
- 1 = E L
% ] > i
10-1? E 014 j
2 -1<n¥<25 i
L Q*<1Gev? < -
i 0.2<y<0.85 E 0.13 i
9 } o } E 0.12 :\ T T T T I T T S S N R Y RO S B \7
< ] 20 30 40 50 60 70
. ] jet
5. E E; (GeV)
o R T S I T N B N I I I
R — ReSL_JIts In good agreement with thg pjrgtdlcted
Er (Gev) running of « over a large range in - Ex,

e Avalue of as(My) was determined from 21 < E%?t < 71 GeV:

. 10.0024 10.0044 experimental uncertainty:  '7’g
as(Mz) = 0'1208—0.0023 (exp.) —0.0033 (th.) theoretical uncertainty: f%:?%

ZEUS Collab, ZEUS-prel-10-003
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Tests of pQCD: jet algorithms

e Tests of pQCD with jets require infrared- and collinear-saf e jet algorlthms

— .kT clgster algorithm in the longitudinally invariant § o | RO °ZENULSoséphZ;m .
Inclusive mode ( S Catani, S Ellis & D Soper ) 2 rorp ]

o

e Performance of k7 algorithm tested extensively 8 10| eosgoy
— stringent tests of pQCD:  good description of data for 1070 .

all jet radii with similar precision 03

— good performance of kg algorithm: small theoretical =~ 4 == g

. o : Efs >8GeV
uncertainties and small hadronisation corrections lcos y, | < 0.65

2<n®<15

|_\
o
&

e New jet algorithms being used at LHC

H
o ©
>~ 6

m

p)
n -
i
o

|

o
OoON
LA B LA I AL AL B AR
I n 1
i T b
| 1 &g
I

— need test of performance %
e NEW STUDIES in NC DIS and PHP: go2 E
— test of performance of  anti- kg and SIScone Ny e
in a hadron-induced but well-understood reaction: % o S E

% comparison to measurements based on kg =02 ]

* comparison of measurements and NLO QCD o4 e
calculations _0.(23 7 et SOPATRE LA 1

* study of theoretical uncertainties and Rl IO I
hadronisation corrections n ° @ Gev)

ZEUS Collab, Phys Lett B 649 (2007) 12
July 22-28, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Tests of pQCD: k7 vs anti- k1 vs SIScone

e New infrared- and collinear-safe jet
algorithms:
— anti- k7 (M Cacciari, G Salam & G Soyez )
and SlIScone ( G Salam & G Soyez )

e Cluster algorithms:

— djj=min[(EL, 5)?, (B3, 5)*P)-ARYR? __—]

with p=1 (—1) for k (anti- k)
— anti- k keeps infrared and collinear

safety and provides = circular jets
(experimentally desirable )

e Cone algorithms:
— seedless cone algorithm produces
also jets with well-defined area and
IS infrared and collinear safe
(theoretically desirable )

anti- kp

S

passive area

—————————————

passive area

T

7777777777777

SIScone

S

passive area

—————————————

July 22-28, 2010
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Tests of pQCD: k7 vs anti- kg vs SIScone

e Theoretical uncertainties:
— PDFs and value of ag(Mz):
— very similar for all three jet algorithms
— terms beyond NLO and QCD cascade/hadronisation modelling:
— very similar for k7 and anti- k7; somewhat larger for SIScone

NC DIS PHP
T ‘ T T ‘ LI ‘ LI ‘ LI ‘ LI ‘ LI ‘ T T ‘ 1T \: 7\ ‘ T 17T T 17T ‘ T 17T ‘ T 17T ‘ L ‘ T 1T L
"? 0.1 e termsbeyond NLO *? 0.2 r ...................,,___________________ NLO 1
B - ] ‘® OF A —
"a—s' 3. ] "a—"_) B i e e e B
© .01 o anti-k 77771 SIScone = o'8'%]HH}HH}HH}HH}HH}HHI
S aRRRR m‘u}HH}:TM}HH}HHHH}M:}HH: S "°f pPPDFs ]
o 01 - PDFs O O == R —
= - ] > . ]
B 0] — ® 02 '
CU m | ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I T
C 7 7\ ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T ‘ T L
21 TN TR T RN TR 2 > - caMz) .
R 0 e
8 o1 aM,) 8 i 1
w E E w -0'2 T ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I T
et O _—_ o 0-2 77\ ‘ 11 ‘ 11 ‘ 11 ‘ 11 ‘ LI .\ ‘.\ LI i:
8 E B 8 7 hadronisation ]
0 e s e L £ O :
e = . ]
01 - QCD cascade '8'%]1H;}HH}HH}HH}HH}HHI
B ] T r YPDFs ]
e —————— y 1
0 B ] 0 I === ]
-0.1 ; L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1 E -0'2 77\ ‘ N | ‘ \M\ ‘SI \S:\or\]e\ ‘ N | \ar\]ti\-k\T ‘ | | T:
5 10 15 20 25 30 35 40 45 50 55 20 30 40 50 60 70 80
. jet
ETg (GeV) E. (Gev)
ZEUS Collab, Phys Lett B 691 (2010) 127 ZEUS Collab, ZEUS-prel-10-015
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e Inclusive-jet cross sectionsin ~ NC DIS and PHP for k7, anti- k7 and SIScone :

NC DIS
Z EUS ZEUS O 12 ;\\ T \Il\ TTT ‘ TTTT ‘ TTT | | | TY_Y_Y_Y—TY_Y_Y_TY_Y_E
~~ \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ TTTT —~ [m] ‘ T T ‘ T T T ‘ L ‘ T T ‘ T T ‘ L ‘ T T ‘ L = ) C T & 7
> 4’ K > R ] Z 1 : mu///nu///// T ] :
D 10 *-Kk (x 100) - D 10 14 ] o B .
Q E T NC DIS Q 10 E PHP * ZEUS (prd.) 189 pb g .9 0.8 }\\ |1 ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ |1 \\{
= 103, anti-k « ZEUS82pb™ S 107 24 NLOD hadr | & 12 0 ik, ; ERMAAMMRRAARAR: G
~ E T - ~ E E C N
3 E Klasen €t al. E —ﬂ?ﬂm //////// ;
w2 — NLODhadd z°7 B+ & ( ) e ]
%l 10 2L SISco ] 'chlozé E 08 jH11}HH}HHMHWH11}HH}HH}HH}HH“HF
2 ne S g ] 12 - Siscone f E
© © 10 g E 1 X ¥ }
= — F k+ (x 100, 7 F .
10 E E 1 ; T( ) ; 0.8 j\\ 11 ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ 11 \\i
E E 5 10 15 20 25 30 35 40 45 50 5
i i . anti-k; (x 10) 1 -
e @*>125Gev? E 1010 -1<n/®<25 JR PP ETs (GeV)
_1 . -2 < n]§< 1-5 - E Q2 < 1 Gev2 S' &One E O 7\ ‘ L L ‘ L T ‘ L i T ‘ T T_T L
1070 Joosy,| <065 4 10%L 02<y<085 _ 2 f Ky  ZEUS(prel) 189 pb I ]
- ] g . . 3 i . 8 —
- [ jet energy scaleuncertainty ] i jet energy scale uncertainty ] S 1 _E’ ™ § 2 ) ]
o LA[errrirn e e o LAP e e ] o clente2s Q@ <lGeV 02<y<08
S r &Xﬂhadronisationunoertainty ] oS E kT(+0-d5): = 0 prtrr
3 r kr (+0.05) i g . — o anti-k, =4 NLOO hadr (Klasen et al.) ]
10 % = 1 = %—7
8 : ey 8 E E
§ ool g e N 5 . o 7 O
= SI = F [\ hadronisation uncertainty - - SIScone jet energy scale uncertainty
g [ e 8 07 = Lk
= I ] = a 1 e e
8 08 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 8 06 O ‘ L1l ‘ L1l ‘ Ll ‘ L1l ‘ L1l ‘ Ll ‘ L1l ‘ [ : -
§ 5 10 15 20 25 30 35 40 45 50 55 § 20 30 40 50 60 70 80 90 a ]
cu m _a O 1 ‘ L1 ‘ L1 ‘ | ‘ I ‘ L1 ‘ I | ‘
j J
< EJ‘?t,B (GeV) < E . (GeV) 20 30 40 50 60 jet7o 80
E; (Gev)

— Good description of data in shape and normalisation by NLO QC D
— Bigger hadronisation corrections for SIScone than anti- k7 (similarto k)

— Similar shape and normalisation in data and theory for the th ree jet algorithms
ZEUS Collab, Phys Lett B 691 (2010) 127 ZEUS Collab, ZEUS-prel-10-015
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Tests of pQCD:

Inclusive-jet cross sections

e Ratio of cross sections based on different jet algorithms:

11

1
0.9
11

SIScone/kp 1

anti- kplkr

ratiotok;

11

anti- k/SIScone 0o

ratio to Sl Scone

1 -

NCDIS

FT
= anti-k;

_— O(o@l]hadn] zO E

71\\‘
F SIScone

'y 7
l |

H O(ad) (NLOJET) it

W}

09 &

s I
= anti-k;

5 10 15 20 25 30 35 40 45 50 55

Ej$t g (GeV)

o

ratiotok;

©
™

( =
N
[T T[T

ratio to Sl Scone
o

0 N
T

=
=N
T

:\ ‘ T \. T ‘ T T 7T ‘ LR ;o T ‘ T T 7 ‘ T T 7T H
- anti-k; e ZEUS(prel.) 189 pb‘1 =
Sl :

= 1<r]J <25 Q <1GeV 02<y<085

g | u ;
E SISoone @ O(a Dhadr (KIa%netal)

— the measured cross sections with the three jet algorithms ar .
— NC DIS: differences < 3.6% at low Eﬂ_r p and increase to  10% at high Eﬂ_ﬁjg
— PHP: anti- kp same shape and =~ 6% smaller than kT

k7 and anti- kp

SIScone slightly different shape than

— the uncertainty due to higher orders in the

— theoretical uncertainty dominated by QCD-cascade modelli

=> Demonstration of ability of pQCD calculations with up to

In final state to account adequately for the differences betw

ZEUS Collab, Phys Lett B 691 (2010) 127

ES (Gev)
e similar

O(a?) calculation is reduced

ng

four (three) partons

een jet algorithms

ZEUS Collab, ZEUS-prel-10-015
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Tests of pQCD: determination of ags(Myz) }E

e Values of ags(M z) were determined from the measured cross sections to quantif y
the performance of the jet algorithms:

O 0038 O 0022
O 0036 O 0022 -

0.0037 0.0026
as(Mz) = 0. 1186+0 0035 (exp.) +0 0050 (th.) (SIScone)

0 0024 0 0044
0.0024 0.0043 -
PHP  as(Mz) = 0. 1200+O 0033 (exp.) +0 0035 (th.) (anti- k)

22 4
as(Mgz) = 0.119910:0022 (exp.) T0-0947 (th.) (SIScone)

— ag(Mz) from inclusive-jet cross sectionsin ~ NC DIS and PHP with different jet
algorithms are consistent with each other and have similar precision

ZEUS Collab, Phys Lett B 691 (2010) 127 ZEUS Collab, ZEUS-prel-10-015
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Conclusions
e Jet physics at HERA continues providing precision measurem ents towards
understanding QCD and improving the determination of the p/~PDFs
— Precise new jet measurements will help to constrain further the proton and

photon PDFs
— Precise tests of the performance of new jet algorithms
— Precise values of ag(M z) extracted from jet production in different regimes
— Precise determination of the running of a5 over a wide range of the scale

1 Normalised jet cross sections at high Q2

H1 (Eur PhysJ C65 (2010) 363)

o Multi-jet cross sections at low Q o, from Jet Cross Sections in DIS
.............. H1 (Eur PhysJ C67 (2010) 1) a S
- Inclusive-jet cross sectionsin yp : " Hldatafor5<Q?<100Gev? Z EUS
....... S EUS b 10.003 025_ ° HldataforQ2>150GeV2 c(/'J 7\ T L e L B LB B B
pre-2t- L Fit from Q 2 > 150 GeV? [arXiv:0904.3870] 0.22 |, ZEUS (prel.) — QCD
—e—i Inclusive-jet cross sectionsin NC DIS - a5 =0.1168 0.0007 (exp.) 355 (th.) + 0.0016 (PDF) i \ o NC DIS 300 pb'l
ZEUSpre-10-002 . - ?ﬁggj éﬂ;ii’;ie)(p' une. 020 -\ corr. uncert. th. uncert.
. L . -1
f. HERA combined 2007 0.20 i y////// o photoproduction 189 pb
""" . 0.18 - / a// corr. uncert. th. uncert.
(H1prelim-07-132/ZEUS-prel-07-025) r
o HERA average 2004 r 016 L
(C. Glasman, hep-ex/0506035) 0.15 N L
i World aver age 2009 0.14 L
(S. Bethke, Eur Phys J C64 (2009) 689) - r ]
. 1 . . . 1 . . . 1 . s 0.10 B 1 1 1 1 l 1 1 1 1 1 1 1 1 l 0.12 7\ L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘
0.1 0.12 0.1(4'\/I ) 10 10? 10 20 30 40 50 jgo 70
a K/ GeV
S Z T E T (GeV)
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Jet physics at HERA

ICHEP 2010
Tests of pQCD: k7 vs anti- k7 vs SIScone v
e Inclusive-jet cross sections in NC DIS can be calculated onl y up to O(ag) using
the programs DISENT or NLOJET++
e Differences of cross sections using different algorithms c an be calculated up

to O(ad) with NLOJET++

e Ratios of cross sections for different
algorithms can be calculated using the o
1-loop —loop

differences upto  O(as3) as:

dosiScone/dX 1+ dUSIScone/dX_do'kT/dX ~14 D-ag-FE'Ozg
dO'kT/dX o dO'kT/dX T A.QS_FB.QE

daanti—kT/dX —1+ daanti—kT/dX_dakT/dX ~14+ C-af;’
dakT/dX o dakT/dX — A-astB-a?
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e The procedure to determine «g from jet observables used by ZEUS is based on
the ag dependence of the pQCD calculations, taking into account the correlation
with the PDFs:

A parametrisation
— perform NLO calculations using different sets of

ao

proton PDFs a4 ; NLO QCD
— use as input in each calculation the value of T alue
as(M z) assumed in each PDF set + """"""""""""""""

— parametrise the «g dependence of the observable: | 7772 5
A'(os(Mz)) = A} as(Mz) + A} os(Mz)?
— determine ag(Mz) from the measured value ‘

using the NLO parametrisation ey
(MINUIT is used to determine A;'., J = 1,2 and the final as(Mz) value) value

as(MZ)

e This procedure handles correctly the complete ag-dependence of the NLO
calculations ( explicit dependence in the partonic cross section and impli cit

dependence from the PDFs ) in the fit, while preserving the correlation between
o g and the PDFs
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