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Jet production in NC DIS at HERA

e Jet production in neutral current deep inelastic

ep scattering at O(as) in Breit
frame:

Jet

e

e

proton P pr oton
p poton T8 remnant Jet

Boson-gluon fusion QCD Compton

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

" Kinematics:
a=q,q,g

Qz — _q2 — —(k L k,)2

Breit frame

. 2
— fa: parton a density, determined from experiment — Bjorken x: x = —2%.q
- — inelasticity:
— long-distance structure of the target y - Pa y: | Bl(1—cost)
— &4 subprocess cross section, calculable in pQCD Pk 28

— short-distance structure of the interaction
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Jets in NC DIS at HERA

e QCD processes dominant at hadron colliders
— background to new physics searches (eg at LHC)
— need good understanding of QCD processes

e Measurements of jet production in NC DIS at HERA provide a clean
hadron-induced reaction and are a powerful tool
— 1o test perturbative QCD calculations
— to extract ag(My)
— to determine the energy dependence (running) of as(p)
— to constrain the proton PDFs (particularly the gluon)

e NEW MEASUREMENTS FROM ZEUS:
— Inclusive-jet and dijet cross sections with more than three -fold increase in

statistics wrt previous analyses:
— further constrains on proton PDFs

— Inclusive-jet cross sections with more than three-fold inc rease in statistics:
— precise test of pQCD and extraction of g
— Inclusive-jet cross sections with different jet algorithm S:
— test performance of new jet algorithms in a well-understood environment
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Jets and PDFs at HERA

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

DIS 2010, Florence, Italy

n (directly sensitive

e Measurements incorporated in a QCD fit (together with struct ure function data

from ZEUS) to determine PDFs parametrisations:

proton

P remnant  Jet

NC DIS photoproduction proton parton densities
ZEUS . ZEUS ZEUS
. e e e S SRR 1.5
> £ D F obs > 1
O 1L ZEUSJETS 1 g wb xN*0n __ ZEUSJETS 1 — 1l N
5 [ tot. uncert. E g F : : E X - 2 _ 2 |
2 g & L . ZEUSdijetyp 9697 Q" =10 GeV |
s 1L *  ZEUSind.jetDIS96-97 o  § E - Jet ener gy scale uncert. 3 L _
o f o e eeaysseunet. 3 W : : 08- § —— ZEUS-JETS PDF 1
S w0 4 B F L 8 |
<} E 125 < Q? < 250 Gev? E ° L ay(M)=0.1180 XUy
R e 4 i 2
E 250 < Q% < 500 Gev? E L
102: (x10%) _>
E 500 < Q° < 1000 GeV? E E
§ (x10) £
10 . . 3 L
£ 1000 < Q" < 2000 GeV' E
5 (x100) F
1¢ E 1L
; \O<Qz<mee\,z E
101; (x10) 2[
ey ] wp T,
E C (i<
10° ; E ? R I )
wle\owwHl\swwHz\owsz\smus\oum?’\suww4\oHH4JgA_L 105"‘\‘(‘)((‘]'09091)‘ 4‘0 ‘5‘0‘ ‘6‘0””‘0”
0 30 7
B
- (GeVv et )
ETvJa ( ) e E]Tal (GeV)

ZEUS Collab, EPJ C 42 (2005) 1

April 19-23, 2010

C Glasman (Universidad Aut 6noma de Madrid)



DIS 2010, Florence, Italy Jet cross sections in NC DIS at HERA 3

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 Measurements incorporated in a QCD fit (together with Seo oo | [T e R
from ZEUS) to determine PDFs parametrisations: Tl \A} Ed E
S oF
NC DIS photoproduction E 0of /)
. ZEUS . o ZEUS R %-0.4? §§-W?thqutjetdata 7
3 ol \\zmam E 105 x>0 ‘: %&%ﬁgg# 06 —— 7 ﬁlwznzhﬁdétézzzzzzl LJ
_@ I tot.um.:ert.. ] -Q& 105; . ZEUSdijet yp 967 7 7— Q%=20GeV
4 10° +  ZEUSind.jetDIS96-97 ;_,"_ E [ Jet energy scale uncert. 3 e
nm_— E [ Jet energy scaleuncert. -‘-,'5' 1045 E
% 104? 125 < Q% < 250 GeV? E E 103f
) 103% \w<oz<;:iv? E 105 E
102;— 2(x10“) , , 10% E
1oi 500<Q <()1<Ofg3)GeV E % Lo H*
e T T T mlmm IR :gf:f\'\ ?
£ (Gev) e
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, EPJ C 42 (2005) 1
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Dijet cross sections:

constraints on pPDFs

eip—>e

T 4 jet + jet + X (dijets)

e Jets searched using the kr cluster algorithm in Breit frame

e Kinematic region:

o Two jets with Ejy > 8 GeV and —1 < nitxp < 2.5

o M1 > 20 GeV g
® ¢ = zp;(1 + (MY)?/Q?) estimator of the fractional é’g
momentum carried by the struck parton 5

e Small experimental uncertainties:
— uncorrelated uncertainties:  ~ 42 (10)% at low (high) Q?
— correlated uncertainties (- energy scale +1% (!) for
EX*>10 GeV): ~ £5 (2)% at low (high) Q?

e Comparison to NLO predictions (NLOJET++):
— p%=Q*+ (E¥})? pr=Q; pPDFs: CTEQ6.6;
as(Mz)=0.118; corrected for hadronisation and ~ Z°
— The measured dijet cross sections are very
well described by the NLO predictions in the

whole measured range

125 < Q? < 20000 GeV? and 0.2 < y < 0.6

10

1

10

L =374pb—1m

e ZEUS (374 pbh)

125 < ¢ < 250 GeV

| . jet energy scale uncertainty _|
= F oo _ et
T U;—ET B

250 < & < 500 GeV

] N

i 0.2<y<06

- Erg>8GeV

= ij >20 GeV == —

E _1<nJ:/:B<2'5 E 3
500 < & < 1000 GeV 1000 < @ < 2000 GeV

—H———— e
2000 < G < 5000 GeV 5000 < @ < 20000 GeV

-2 -15 -1 -05 82 -15 -1

—05 ¢
log, (€)
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Dijet cross sections: constraints on pPDFs

etp — et + jet + jet + X (dijets)
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: 125 < Q? < 20000 GeV? and 0.2 < y < 0.6
o Two jets with Ejy > 8 GeV and —1 < nitxp < 2.5 ZEUS

L =374pb—1m

)

o M > 20 GeV ERoa- « zevs@apy  F MOUGWOG -
) (\:O-:‘ 0.25_-jetenergyscale uncertaint)éf_ """ “2R=Q2
® £ = xp;(1 + (MV)?/Q?%) estimator of the fractional Wb
momentum carried by the struck parton 2ok T [ANOoucenany ]
%—0 4  125< @< 250 GeV < 250 < @F <500 GeV —
e Small experimental uncertainties: S 04f EZyBGos [ SR
— uncorrelated uncertainties:  ~ 42 (10)% at low (high) Q2 , - M >2cev T E

-1 <njf/:B <25

— correlated uncertainties (- energy scale +1% (!) for

: S ar T e T S
E;'>10 GeV): ~ £5 (2)% at low (high) Q2 N E— :
_ o _0_43— 500 < & < 1000 GeV —— 1000 < @ < 2000 GeV —
e Comparison to NLO predictions (NLOJET++): R A AR
— p%=Q*+ (E¥})? pr=Q; pPDFs: CTEQ6.6; o I E

as(Mz) =0.118; corrected for hadronisation and ~ Z° O_M I }

— The measured dijet cross sections are very 0 I 1
well described by the NLO predictions in the 04 2000<G<so00ced I
whole measured range -2 -15 -1 -05 62 -15 -1

+ 5000 < @ < 20000 GeV

—05 0

log, (€)
ZEUS Collab, ZEUS-pub-10-085
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Dijet cross sections: constraints on pPDFs

etp — et + jet + jet + X (dijets)
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: 125 < Q? < 20000 GeV? and 0.2 < y < 0.6

L =374pb—1m

o Two jets with EiSh > 8 GeV and —1 < ni% < 2.5 o ZeUs
o M > 20 GeV s X‘&() E
2 1 E
e E, mean transverse energy of the two jets 52 0al | Xl .
— well suited for precise tests of pQCD 8 o1 B erroy Sy 3
0.001 125 < ¢ < 250 GeV 250 < @& < 500 GeV

e Small experimental uncertainties: 10F E
— uncorrelated uncertainties:  ~ %2 (8)% at low (high) Q? 1— “*IX _______ —
— correlated uncertainties ( energy scale 1% (!) for 0.1 02<y<06 | ﬁmk .
B >10 GeV): ~ %5 (2)% at low (high) Q? oo, M I

0_001:_ 5588<d< 1000 GeV 1000 < @ < 2000 GeV
e Comparison to NLO predictions (NLOJET++): 10 NLOD Gy1C,. 3
— p%,=Q? + (EF%)? ur=Q; pPDFs: CTEQ6.6; 1F O
as(Mz) =0.118; corrected for hadronisation and ~ Z° 01_ Tl N iz .
— The measured dijet cross sections are very 0.01¢ —
well described by the NLO predictions in the o001k 205955005 L | 5000595 20000587

whole measured range

10 20 30 40 50 6010 20 30 _40 50 6
Ers (Gev)
ZEUS Collab, ZEUS-pub-10-005
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Dijet cross sections: constraints on pPDFs

etp — et + jet + jet + X (dijets)
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: 125 < Q? < 20000 GeV? and 0.2 < y < 0.6
e Two jets with Eﬁg > 8 GeV and —1 < n{eiB < 2.5 ZEUS

L =374pb—1m

)

2

® ij > 20 GeV *QUJEOA_— e ZEUS (374 pb?) —| NLoOoc,,0C, =
% 0.2:_-jet energy scale uncertaint;E ]

e E, mean transverse energy of the two jets = ol A
— well suited for precise tests of pQCD Z 04 F [AnOuncetain
%—0 4 125 < @F <250 GeV - 250 < @ <500 GeV -
e Small experimental uncertainties: o4 + .

— uncorrelated uncertainties:  ~ £2 (8)% at low (high) Q?* o.

— correlated uncertainties ( energy scale £+1% (!) for ofAF~ A v
EX*>10 GeV): ~ £5 (2)% at low (high) Q? Y + 1
—0.43— 500 < & < 1000 GeV —— 1000 < G < 2000 GeV —
e Comparison to NLO predictions (NLOJET++): 04—v86———
— p%=Q* + (Et%)?, ur=Q; pPDFs: CTEQ6.6; 0o Mo 4 -
as(Mz) =0.118; corrected for hadronisation and ~ Z°  of =bsig o :

— The measured dijet cross sections are very -0z

well described by the NLO predictions in the 0%

10 20 30 40 50 “60 10 20 30 _40 50 _6
whole measured range EF, (GeV)
ZEUS Collab, ZEUS-pub-10-005
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Dijet cross sections: constraints on pPDFs

e Gluon fraction and theoretical uncertainties in the phase- space region of the
measurements:
2 og 25<Ga0Gey | 2v<qesmcey | 8
Eo. %
Predicted 2 £ Theoretical
Gluon E ) uncertainties
fraction: 2 0.8l 500<@F<1000GeV | 1000 < G < 2000 GeV |
75% atlow Q2 | * ==
> 60% at 0.2} ! 0.1 1 ]
Q2N5OOGeV2 0 -
0.8F 2000 < @ <5000 GeV 1 5000 < @G < 20000 GeV | 5000 < G < 20000 Ge\?
0.6
0.4f ﬂ
PDF uncertainty (CTEQ6.6)
°-2J I 1o T e
0 P T O e I R T ZEUS-S

2 -15 -1 -05 0-2 -15 -1 -05 O '2'"_'15"'_'1'"_'(')5"'(') '2'"_'1'5"'_'i"_'(')""'
log (&) log (&)

— PDF uncertainty large in regions of phase space where the glu on fraction is
still sizeable
— high precision dijet data have the potential to constrain fu rther the proton

PDFs when included in the global fits
ZEUS Collab, ZEUS-pub-10-005
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Inclusive-jet cross sections:  constraints on pPDFs

e Gluon fraction and theoretical uncertainties in the phase- space region of the
measurements: inclusive jets inclusive jets
é’ 0.8 [ 125< Q?< 250 GeV? 250< Q%< 500 GeV -:% 01 7
S o6 2 . ’

. 2 04 8 J T ] .
Predicted g , 2 01 ! | Theoretical
G|u0n g 0 -.;HHHHHHH;HHHHHHHE uncertainties
fraCtl on: 0.8 [ 500< Q* < 1000 GeVf 1000< Q? < 2000 GeV . f

2 0.6 - SE— . N
75% atlow Q“, ,, g gt
> 60% at 0.2 - 500 < Q< 1000 Gev? 1 1000<Q*<2000Gev?
2 2 0t -0.2 -+
Q ~ 500 GeV 0.8;2000<Q2<5000Ge\f Q%> 5000 GeV? o1 | | | ﬁﬁg;ﬁfEQ@ | 7

06 '

0.4%

0.2 I 2000 < Q® < 5000 GeVv? Q%> 5000 Gev? .
10 20 30 4010 20 30 40 020 0 ® w10 2 3‘0 w0
Efs (GeV) Efe (Gev)

— PDF uncertainty large in regions of phase space where the glu on fraction is
still sizeable

ZEUS Collab, Nucl Phys B 765 (2007) 1
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Inclusive-jet cross sections:  constraints on pPDFs

eTp — et + jet + X (inclusive jets )

e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: Q? > 125 GeV? and | cos ;| < 0.65
e Atleast one jetwith Eyy > 8 GeVand —2 < mfy < 1.5
® No cuts in LAB frame

e Small experimental uncertainties:
— uncorrelated: ~ 43 (10)% at low (high) 6,22/E*’i,?,';3
— correlated ( energy scale +1% (!) for EX'>10 GeV):
~ £5 (2)% at low (high) Q*/E}yy
e Comparison to NLO ( O(c?)) predictions (DISENT):
— pr=E}}, pr=Q; pPDFs: ZEUS-S; a,(Mz)=0.118
—> corrected for hadronisation and  Z° effects
— The measured inclusive-jet cross sections are

very well described by the NLO predictions in
the whole measured range

— High precision inclusive-jet data have the potential
to constrain further the pPDFs in regions of phase
space relevant for new physics searches at LHC

do/dE'S; (pb/GeV)

£ = 300pb—1m
. ZEUS

\\\\\\\\\\\\\ ‘ L ‘ L ‘ L L 1T 1713
10°- o ZEUS (prel.) 300pb™ =
55 NLO O hadfl z° -
107 .
104 .
- 125 < Q% < 250 GeV? 1
103 a0
B 250 < Q® < 500 GeV? ]
10 2 ; (x10000) ;
F 500 < Q%< 1000 Gev?
10 ; (x1000) B
% 1000 < Q* < 2000 Gev’

1 L (x100)
_1§ —~——o_ 2000 < Q < 5000 GeV/? ;
10 = (x10) =
of _ ]
10 = -2< rfg< 1.5 Q? > 5000 Gev? =
o0 lcosy,[<065 oD ]
10 3 [0 jet energy scale uncertainty E
L ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1

5 10 15 20 25 30 35 40 45
E'Ts (GeV)

ZEUS Collab, ZEUS-prel-10-002
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Inclusive-jet cross sections:  constraints on pPDFs

eTp — et + jet + X (inclusive jets )
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: Q? > 125 GeV? and | cos ;| < 0.65
o Atleast one jetwith  EXp > 8 GeV and —2 < nl' < 1.5 ZEUS

£ = 300pb—1m

e no cuts in LAB frame ; 04~ zeus pra) 300pb™ Wjaaey e
S 02 -+ ]

e Small experimental uncertainties: 5 o ﬂ——&—
— uncorrelated: ~ 43 (10)% at low (high) 6,22/E*’i,?,';3 c 02 - + ]
— correlated ( energy scale +1% (1) for EJ;t >10 GeV): 04 7 R | 77 . | 7
~ £5 (2)% at low (high) Q*E, 04 2erf<le | Ot

. ’ o 02 - cosy,| <O. I uncertaint B

e Comparison to NLO ( O(a?)) predictions (DISENT): O BEEELS
— pr=E}}, pr=Q; pPDFs: ZEUS-S; a,(Mz)=0.118 02k Ed E
— corrected for hadronisation and  ZY effects 045 S0<Q* <1000Ge". 1 100<? <200Gev* e
H

— The measured inclusive-jet cross sections are 04t T ]
. . . 0.2 - - [ B

very well described by the NLO predictions in . %Fﬁ bt%ﬁ ;
the whole measured range 02- a E
— High precision inclusive-jet data have the potential R TSI AT

. . . 10 20 30 40 10 20 30 40
to constrain further the pPDFs in regions of phase 1% (Gev)

space relevant for new physics searches at LHC
ZEUS Collab, ZEUS-prel-10-002
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections:  test of pQCD

eTp — et + jet + X (inclusive jets )
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: Q? > 125 GeV? and | cos ;| < 0.65
o Atleast one jetwith  EXp > 8 GeV and —2 < nl' < 1.5 -~ ZEUS

£ = 300pb—1m

=
o
N
T
\

e no cuts in LAB frame
e Advantages of inclusive-jet cross sections:

e ZEUS (prel.) 300 pb™

— NLO Ohadry Z°

do/dE'Ys (pb/GeV)

— infrared insensitivity (no dijet asymmetric/ M 10 - ;
cuts needed) — wider phase-space than in dijet
— suited to test resummed calculations 1 .
— smaller theoretical uncertainties than in dijet ; 2<nig<15
Cross sections 107 @*>125Gev? ,,

e Small experimental uncertainties: |cosy,| < 0.65

—s uncorrelated: ~ +3 (7)% at low (hlgh) QZ/EJT(i% 04 ;HH}m1}m1}m1}HH}HH};M}HH}HH}HH

O o4 - -

— correlated ( energy scale 1% (1) for EX*>10 GeV): %' 02 - [ jetenergy scaleuncertainty ;
~ £5 (2)% at low (high) Q% El, N et

e Small theoretical uncertainties: S02 [ theoretical uncertainty ]

—s higher orders ( below 5% for Q2 > 250 GeV?) L L T
— proton PDFs ( below +3%) E'Ts (Gev)

— o, (M) (below £1 (2)% at low (high) Q¥ EXy)

— parton-to-hadron corrections ( below +2%) ZEUS Collab, ZEUS-prel-10-002
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Inclusive-jet cross sections:  test of pQCD

eTp — et + jet + X (inclusive jets )
e Jets searched using the kr cluster algorithm in Breit frame
e Kinematic region: Q? > 125 GeV? and | cos ;| < 0.65
o Atleast one jetwith  EXp > 8 GeV and —2 < nl' < 1.5 -~ ZEUS

£ = 300pb—1m

. N’\ L tr i
e no cuts in LAB frame E L « ZEUS (prel)300pb” -
_ 2 o g — NLO Dhado 2°
e Comparison to NLO ( O(«Z)) predictions (DISENT): 5 T i
— pr=E}}, pr=Q; pPDFs: ZEUS-S; a,(Mz)=0.118 T |
—s corrected for hadronisation and ~ Z° effects 107 .
— The measured inclusive-jet cross sections are 107 g8, >86e £
very well described by the NLO predictions in L 2smg<is
the whole measured range 0 foosy,| <065 £
-+ — — —
— Validity of the description of the  dynamics of Qo4 - e et ]
. . . . zZ r J et ener euncertainty B
inclusive-jet production by pQCD at O(a?) 9™ S —
— Inclusive-jet cross sections in NC DIS provide 502 [ theoetica uncertainty ;
. cie . . -04 N
direct sensitivity to as(M z) with small = D v
experimental and theoretical uncertainties Q* (Gev?)

ZEUS Collab, ZEUS-prel-10-002
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections:  extraction of ag(Mz)

e From the measured do /dQ? for Q% > 500 GeV/?
a value of as(Mz) has been extracted: . ZEUS |

E 1 3 e ZEUS (pre.) 300 pb™

_ +0.0037 +0.0022 g | — NLOOhadml 2°

as(Mz) = 0.1208 —0.0032 (exp.) —0.0022 (th.) Ng 10 : .

(assuming predicted running of ) 3 10 2f .

e Experimental uncertainties: 107 B >8Gev E
— dominated by jet energy scale uncertainty: © 2<n<is

Aas/as = :l:]_.g% 10-4 |cosy, | < 0.65 E

e Theoretical uncertainties: O o4 _ T

- jet energy scale uncertaint ]

—s terms beyond NLO:  Aa,/a, = £1.5% S 0'(2) 5 C S

— uncertainties from pPDFs:  Aa,/a, = £0.7% L 020 [ teretica uncatainty E

— hadronisation corrections:  Aa,/a, = +0.8% T-04 | T g

— L uncertainty: negligible 10 10 Qzl?Gevz)

— ag(Myz) from inclusive jet cross sections: precise determination at HERA
— (total uncertainty: ~+3 2 o 70, theoretical uncertainty:  ~ 1.9%)

ZEUS Collab, ZEUS-prel-10-002
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Determination of the energy-scale dependence of Qg

e The energy-scale dependence of the coupling Was determined by extracting o«
from the measured da/dEJeB at different  EJS T.p Values:

— in this procedure «agis NOT assumed to run!

\ZE\U\S I I I
S 102 R
® « ZEUS(prel)300pb™ ZEUS
@ _NLODhadn:lzo : cm 7\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\1\\\7
5 10 - i 0.22 o ZEUS (prel.) 300 pb™ -
[T - " corr. uncert.
o L
S 0.20 - " th.uncert. i
L > — QCD
- 2<nE<1s 0.18
107 @*>125Gev? i
" cosy,|<0.65 0.16 |-
O o4 ;HH}HHMH}}HH}HH}HH}HHMHmm}mg i
= 0.2; I jet energy scale uncertainty E 0145
o r ] ]
:om 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
502 - [IZ theoretical uncertainty E 5 10 15 20 25 30 35 40 45 50 55
B-04 L b e b jet
5710 15 20 25 30 35 40 45 50 55 ET,B (GeV)

EJT g (GeV)

— The results are in good agreement with the predicted running of «g over a large

range in ES
T,B ZEUS Collab, ZEUS-prel-10-002

April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections:  jet algorithms

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

. . . . . . N%‘ E . bl
— _’CT clgster algorithm in the longitudinally invariant PR zENuLsOSéphadm .
Inclusive mode ( S Catani, S Ellis & D Soper ) S rorp ]
o E 3
e Performance of kg algorithm tested extensively S 107 reosgeon

— stringent tests of pQCD:  good description of data for 10”0
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

of ,

10 =, o o —

— need validation %8‘2‘ R
| e

e NEW STUDIES AT ZEUS: g2 o E

— test of performance of  anti- kg and SIScone 0 o e —

in a hadron-induced but well-understood reaction: % o S E

* comparison to measurements based on  kr =0 o

* 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
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections: k7 vs anti- k1 vs SIScone

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

e Cluster algorithms: ,
— dij=min((E} 5)*P, (Ep )?P) - AR?/R? with p=1 (—1) for kr (anti- k)
— anti- k1 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 SIScone

\ anti-k, R=1 |

| sisCone, R=1,1=0.75

M Cacciari, G P Salam and Soyez, JHEP 0804 (2008) 063
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections: kg vs anti- kr vs SIScone

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

e Cluster algorithms: ,
— d;j=min((E% 5)?P, (B 3)°P) - AR?/R? with p=1 (—1) for kr (anti- k1)
— anti- k1 keeps infrared and collinear safety and provides ~ circular jets

(experimentally desirable ) ZEUS

> Fr T T T T T N
e Cone algorithms: = 0'; 3 et
— seedless cone algorithm produces also jets Bot e ek s
with well-defined area and is infrared and S o1 T
. . . > C ]
collinear safe ( theoretically desirable ) B 0 rmmmmee—m
D B ]
%017} ARl NI E
; Ntiac: © 01 a(M,)
e Theoretical uncertainties: g M2
= 0 —
— proton PDFs and value of ags(Mzy): 8., ]
—s very similar for all three jet algorithms ~ ol T e
— terms beyond NLO and parton-shower 0 e :
modelling: R N R

2 3 4

mi N n i_ 10 10 10
— very similar for k7 and anti- kp o (Gev?)

— somewhat larger for SIScone ZEUS Collab. DESY-10-034

April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections: k7 vs anti- k1 vs SIScone

i i . : jet 2 i
e Inclusive-jet cross sections as functions of ET,B and Q~ for kp, anti- k7 and

SISCOne ZEUS ZEUS o 12 ;\\\\I‘(\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\\\\\\\ ‘{\\\;
~~ 7\ TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT TTTT \\\\7 ~~ T T T T T T \\‘ T T T T T TTT T ] _I ' E T '
% 10 4jkT (X 100) i N> 10 2;‘(1_ (X 100) ; % 1 . ﬂy///ﬁ///////‘////////'/_/—f )J 1
o 3 i 1 o 08- .
2 . ZEUS 82 pb™ S " anti-k . sEUssopt | B 12;HHautii_}k}}HH}HHM1HMHWHH}HH}HH}‘H};
= 103-anti-ky P = g 10 ¢ P E T L ; ]
m OE ~ E 01 1 W //////// 7 ]
jaT;J,J_ — NLO Uhadf] Z° - NO‘ L Sl Scone NLO Ohadfd Z" ] 08 b E
2| | o 2 E e
% 10 “& Sl Scone -8 j: ] 12 - RAAARARY \ \ \ \ \ f =
© 10 E E 1 :_%6‘//////// sasTiiisees 1
10 ? 3 -ZE E 0.8 }\\ 11 ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ 11 \T
10 ¢ E 5 10 15 20 25 30 35 40 45 50
_ E f : . t
1 Q> 125 GeV? e 0 Efs>8Cev ] ZEUS ETs (GeV)
ar -2<r]]§<15 4 f _2<nJ§t<15 g o LT T I R T T T T J7 ]
10 = cosy,|<0.65 E 10 4 lcosy,| <065 I 12 { E
115 l‘:l j‘etme‘rgysz‘:aJeuPcert‘ajnty‘ | ‘ : 112‘ 1 jetmergysca‘lleunoertainty | o
1 AH 1+ -+ 1 o) =
_5 r | | | m hadronis‘ation ‘unoa“taint;‘/ 1 _5 N m hadronisation unce‘rtajnty b = H
k- (+0.05) 1 + | © E
g 1- = ‘ ?
é : e ———— g —
5§09 & ssoe 1 8 H
55 : r‘\‘\‘\‘\‘\“‘-_-:.‘."-'.‘.‘-‘-‘-:‘.‘.?-:_. 1 8 ﬁ
8 0'8 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 8
§ 5 10 15 20 25 30 35 40 45 50 55 g L o
< Elfy Gev)  * 10° 10° 10°
Q* (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, DESY-10-034

April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections: kg vs anti- kr vs SIScone

e Inclusive-jet cross sections can be calculated only up to O(ag) (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
. 3 . ree 1-loop -loop
differencesupto O(ay) as: t — )
dosiScone/dX 1+ dUSIScone/dX_do'kT/dX ~14 D-ag-FE'Ozg
dakT/dX o dakT/dX — A-astB-a?

daanti—kT/dX —1+ daanti—kT/dX_dakT/dX ~14+ C-af;’ -
oy, /dX doy,,/dX — T AagtB-a? >

tree

ZEUS Collab, DESY-10-034
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)




DIS 2010, Florence, Italy

Jet cross sections in NC DIS at HERA

Inclusive-jet cross sections:

e Ratio of cross sections based on different jet algorithms:

anti- kplkr

ratio to K

SIScone/ kr

anti- k/SIScone

ratio to SIScone

11
1
0.9
11 ¢
1
09 -

11§
1 -

0.9

ZEUS

‘ ‘ \\\\‘\\\\‘\\\:
—_ O(o@l]hadn] VANNNE

1| I L1 L1 ‘ L1l L1l ‘ Ll ‘ L1l ‘ L1l L1114
5 10 15 20 25 30 35 40 45 50 55
jet
ETYs (GeV)

ratio to K

ratio to SIScone

=
P e

0.9
11

0.9
11

0.9

kT vs anti- k1 vs SIScone

ZEUS

1T
—_ O(ag)mhadnj z0

— the measured cross sections with the three jet algorithms ar
— < 3.2% for Q% and < 3.6% for E*]eB (except at high EJet 10%)
— the uncertainty due to higher orders in the

modelling

—=> Demonstration of the ability of pQCD calculations with up to
the final state to account adequately for the differences bet

e similar

O(a?) calculation is reduced
— theoretical uncertainty now dominated by that on the QCD-ca

scade

four partons in

ween jet algorithms
ZEUS Collab, DESY-10-034

April 19-23, 2010

C Glasman (Universidad Aut 6noma de Madrid)
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Inclusive-jet cross sections:  extraction of ag(Mz)

e From the measured do/dQ? for Q% > 500 GeV? values of as(My) were
extracted:

22 -
as(Mz) = 0.118870005% (exp.) To 002 (th.) (anti- k)
2
as(Mz) = 0. 1186+8 88?;; (exp.) 100028 (th.) (SIScone)
O 0038 0 0022

e Experimental uncertainties:
— dominated by jet energy scale uncertainty:
Aas/as = £1.9% (anti- kr), £1.9% (SIScone), 2% (kr)

e Theoretical uncertainties: anti- kpr SlScone kT
. 1.4 1.6 1.5

— terms beyond NLO: A /o (%) = I AR
— uncertainties from pPDFs: Aas/ag(%) = +0.8 +0.8 +0.7
— hadronisation corrections: Aag/as(%) = +0.9 +1.3 +0.8

— ag(Mz) from inclusive-jet cross sections in NC DIS:

— precise determination using  anti-kp SlScone kr

— total uncertainty ( %): ~ 3.5 3.7 3.7

— theoretical uncertainty ( %): ~ 1.9 2.2 1.9  zeUs collab, DESY-10-034
April 19-23, 2010 C Glasman (Universidad Aut 6noma de Madrid)
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Summary of «ag extraction at

DIS 2010, Florence, Italy

e ZEUS latest as(M z) values and running of s from inclusive-jet cross sections

iIn NC DIS and photoproduction:

th. uncert.

I —
exp. uncert.

Summary
at ZEUS

Inclusive-jet cross sectionsin yp
ZEUS-prel-10-003

Inclusive-jet crosssectionsin NC DIS
ZEUS-prel-10-002

Inclusive-jet cross sectionsin NC DIS (Sl Scone)
ZEUS (DESY-10-034)

Inclusive-jet crosssectionsin NC DI'S (anti-k )
ZEUS (DESY-10-034)

Inclusivejet cross sectionsin NC DIS

ZEUS (Phys Lett B 649 (2007) 12)
Inclusive-jet cross sectionsin yp

ZEUS (Phys L ett B 560 (2003) 7)

HERA combined 2007
(H1prelim-07-132/ZEUS-prel-07-025)

HERA average 2004

(C. Glasman, hep-ex/0506035)

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

01

012

014
aS(M Z)

[%2]

S 022
0.20
0.18
0.16
0.14

0.12

Summary of ag running at ZEUS
ZEUS

ZEUS (prel.) — QCD
o NC DIS 300 pb*
corr. uncert. th. uncert.
o photoproduction 189 pb™*
corr. uncert. th. uncert.

”IIIIIIIIIIIIIIIII
7/ it
Illllllllllllllll lllllllllllllllllllllll
7 U m—
..... ]ﬂlllllllllll/[ll/lll/’/’/lllllllllll/llllll////‘ '.’/ Illlllllllllllllll/lllllllllli
L

L L lllll’{{/’/’/’/'/{{/'/l{{{/l{/lll{{{{{/é{‘:.
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jet
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April 19-23, 2010

C Glasman (Universidad Aut 6noma de Madrid)

70



DIS 2010, Florence, Italy

* Precise values of
as(M z) extracted
from jet production

th. uncert.
Inclusive-jet cross sectionsin yp

ZEUS-prel-10-003

—
exp. uncert.

Inclusive-jet cross sectionsin NC DIS
ZEUS-prel-10-002

Inclusive-jet cross sectionsin NC DI S (Sl Scone)
ZEUS (DESY-10-034)

Inclusive-jet cross sectionsin NC DIS (anti-K)
ZEUS (DESY-10-034)

Inclusive jet cross sectionsin NC DIS

ZEUS (Phys Lett B 649 (2007) 12)
Inclusive-jet cross sectionsin yp

ZEUS (Phys Lett B 560 (2003) 7)

o HERA combined 2007
..... (H1prelim-07-132/ZEUS-pr el-07-025)
Fod HERA average 2004
""""" (C. Glasman, hep-ex/0506035)
] World average 2009
(S. Bethke, Eur Phys J C64 (2009) 689)

0.14
a(M,)

% Precise new jet measurements will help to constrain further

Jet cross sections in NC DIS at HERA

Conclusions

~+ Precise determination of
the running of g over a
wide range in the scale

(%]

S 0.22
0.20
0.18
0.16
0.14

0.12

ZEUS

o photoproduction 189 pb'1
corr. uncert.

ZEUS (prel.) — QCD
o NC DIS 300 pb*
corr. uncert. th. uncert.

th. uncert.

10 20 30 40

50 60 70

EY (Gev)

% Precise test of the

performance of the
kr, anti- k and
SIScone algorithms
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the proton PDFs

April 19-23, 2010

C Glasman (Universidad Aut 6noma de Madrid)

55



