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QCD at HERA 2

‘ Performance of HERA collider and ZEUS and H1 experimentj

HERA delivered e High Energy Running (/s = 300 — 320 GeV)
HERA Il o° — ended on March 20th, 2007
—s luminosity delivered by HERA: 758 pb—1
— H1 physics luminosity : ~ 478 pb—1
— ZEUS physics luminosity : ~ 504 pb—1
e Low Energy Running (E, = 460 GeV,
Vs = 225 GeV)
— ongoing, more than 10 pb~! by now
— measurement ofF7y,
" Pdaysotrumning = End of HERA: July 2nd, 2007
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e Outline

— Jet production in neutral current deep inelastic scattering at high Q?
— Jet production at low x

— Improving the gluon density in the proton by using jet data
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QCD at HERA 3

‘ Kinematics of Neutral Current Deep Inelastic Scattering'

e+ (K)
For a given ep centre-of-mass energys/s,
the (fully) inclusive cross section for
Y | Z (g=k-k) ep —e+X
e+ (k) / can be described bytwo independent
/ kinematic variables, e.g.

—> Q* = —(k— k')

quark > zp; = Q) (2P - q)

—

Ej e — Inelasticity variable
proton (P) y = Q*/(zp;s)
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e Neutral Current DIS event candidate

100 A

QCD at HERA

‘ Neutral Current Deep Inelastic Scattering'

Q? ~ 24000 GeV? andxzg; ~ 0.5

scattered
positron

10

e Coverage of kinematic plane Q2,z ;)

S
O

ZEUS
Fixed Target Experiments:

CCFR, NMC, BCDMS,

E665, SLAC
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QCD at HERA

One of the legacies of HER

H1 + ZEUS
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QCD at HERA 6

‘ Universality (and usefulness) of Proton PDF'

1 1
Opp—H(W,Z,..)+X = Z /o dy fop(e1, 1) /0 ds fo/p(%2, 15) GabmHW,Z,...)
a,b

LHC parton Kinematics

——— _ opsensitivetogluon

C L : x, , = (M/14 TeV) exp(+y)
distribution at ol aim s M=10Tev -
M B
Higgs ZBNTZINS'].O 3 107 | 7
2 2 A
and “F Y MH Y 10° M=1 TeV .:;_,,.(-ju..._...::l..-':-._...._.,.::,-.":
~ 13000 GeV? e
65" .-".‘: s
proton Y ’ s ’ 5 ;
- ; . . : ;
/ ¥y= 6- 4 2
.. 10° M=IDG;V | ; : i
ow Sensitive to sea ol S fixed
distribution at o
lﬂ:n" 10° 10 107 10 107 10 10°
X

proton
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QCD at HERA 7

‘Jet Production in Neutral Current Deep Inelastic Scattering'

e’ e! el

e P 4 e P 4 e o O
ion i q T a g
e Jet production in neutral vz }_ vz LHH yZ
current deep inelastic —3 q q

. P O
scattering up to O (a): AN

Quark-Parton Model Boson-Gluon Fusion QCD Compton

e Perturbative QCD calculations of jet cross sections:

do'jet — Z /dw fa(wa H'?:‘) d&a(wa as(NR)v N?p IJJ%‘)
a=—q,q,g
— fao: parton a density in the proton, determined from experiment; long-distance
structure of the target
— 6. Subprocess cross section, calculable in pQCI3hort-distance structure of the
Interaction
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QCD at HERA 8

‘Jet Production in Neutral Current Deep Inelastic Scattering'

e In the region where the wealth of data from fixed-target and cdlider experiments has
allowed an accurate determination of the proton PDFsmeasurements of jet production
In NC DIS provide

— a sensitive test of the pQCD predictions of the short-distace structure
— a determination of the strong coupling constanto,
e To perform a stringent test of the pQCD predictionsand a precise determination ofa:
« Observables for which the predictions aredirectly proportional to o
— Jet cross sections in the Breit frame

x Small experimental uncertainties— Jets with relatively high transverse energy
+ Small theoretical uncertainties— NLO QCD calculations

— Jet algorithm: longitudinally invariant k- cluster algorithm (Catani et al)

(small parton-to-hadron effects, infrared safe, suppressn of beam-remnant jet)

— Jet selection criteria

e Exploration of the parton evolution at low « = footprints of BFKL effects?
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QCD at HERA 9

‘ High- E+ Jet Production in the Breit Frame I

virtual
photon

virtual
photon

virtual
photon

oW W.W. W .\

q
REMNANT VUV \<.‘
proton

e

BORN PROCESS BOSON-GLUON FUSION OCD COMPTON

e In the Breit frame the virtual boson collides head-on with the proton
e High- E1 jet production in the Breit frame
— suppression of the Born contribution (struck quark has zeroEr)
— suppression of the beam-remnant jet (zerdzr)
— lowest-order non-trivial contributions from ~v*g — qgq and~*q — qg
= directly sensitive to hard QCD processesd)
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QCD at HERA 10

‘ Inclusive Jet Cross Sections in NC DIS aQ? > 125 GeV? I

e New measurement of inclusive jet cross sections in
the kinematic region defined byQ? > 125 GeV? and
| cosy| < 0.65 for jets with EZ ., > 8 GeV and

-2 < njet < 1.5usingL = 81.7pb—1 *

— for different values of the radius-like parameter v 1 ™

" R=1.0 (x 10)
10 =

. ZEUS 82 pb
NLO O hadi] 72

(pb/GeV?)

o b
(R) of the kp-cluster algorithm: R = 0.5, 0.7, 1 8 10" [ re0sxoy) -
e Advantages: 107 ]
— infrared insensitivity (no dijet cuts!) 03 ]
— smaller theoretical uncertainties than for dijet -4 [ jetenergy soale uncertainty ]
. o 10 ¢ B, > 8 GeV -
e Small experimental uncertainties: i |cosy, | < 0.65

. E 2<net< 1, E
— jet energy scale (% for Er jer > 10 GeV) o 2<nf'<15 *

=~ +5% on the cross sections S
e Small parton-to-hadron corrections (Cheqq): < 10% Q" (Gev)

e NLO QCD calculations (O(a?)) using ur = EB,Jet, pr = @ and the ZEUS-S

parametrisations of the proton PDFsdescribe the measurements well
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QCD at HERA 11

‘ Inclusive Jet Cross Sections in NC DIS aQ? > 125 GeV? I

e New measurement of inclusive jet cross sections in
the kinematic region defined byQ? > 125 GeV? and
| cos | < 0.65 for jets with ETJet > 8GeVand ' oafm T T T T T

c R=10_

-2 < nB, <1.5usingL = 81.7pb~! E I —— !

— for different values of the radius-like parameter Egi P E

(R) of the kp-cluster algorithm: R = 0.5,0.7,1 g g4 "~ i =

. = 02 F -

e Advantages: E N — .

—s Infrared insensitivity (no dijet cuts!) = 8421 E

— smaller theoretical uncertainties than for dijet 0.4 N I

e Small experimental uncertainties: > e /,%/W :

— jet energy scale 1% for Er je: > 10 GeV) gj ]

=~ 45% on the cross sections IR PO I

e Small parton-to-hadron corrections (Chqq): < 10% Q" (Gev)
e NLO QCD calculations (O(a?)) using ur = EB,Jet, pr = @ and the ZEUS-S

parametrisations of the proton PDFsdescribe the measurements well
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‘ Inclusive Jet Cross Sections in NC DIS aQ? > 125 GeV? I

e New measurement of the inclusive jet cross

’9 35‘“‘““““““““\““\““\““_\l““\““

sectiondo /dEZ ., in the kinematic region o el PAES 8
defined by Q? > 125 GeV? and | cosv| < 0.65 3 10°¢ E
for jets with EZ ., > 8 GeV S0 b
B © B ]

and —2 < njet <15 1 L R:1.0(x10)é
A ]

e Small theoretical uncertainties (R = 1): 9o ~ 773
— higher-order terms (> NLO); varying pg 10" DQz;lzsgyGe'\;y R=05 (x 0.1

betweens - EE.  and2-EZ. , = +5% s 5oul0% ;

—s uncertainties on the proton PDFs;= 4+3% T T TTN T T

— uncertainty on a5 (Mz) (£0.0010); = +2% v 2 m s 4051;55(@55/) >
—s hadronisation corrections; = +1.4%

e NLO QCD calculations (O(a?)) usingur = Eﬁ,jet, pur = Q and the
ZEUS-S parametrisations of the proton PDFslescribe the measurements well
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QCD at HERA 13

‘ Inclusive Jet Cross Sections in NC DIS aQ? > 125 GeV? I

e New measurement of the inclusive jet cross

H 7\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\\\

1 0.4 - R=1.0 {

sectiondo /dEZ ._, in the kinematic region T 02 ;-
: e 0 o -
defined byQ? > 125 GeV? and | cosy| < 0.65 5 - = i
forjets with E'_ZBi,jet > 8 GeV EI g'jmmoumenamty
and—2 < nB, < 1.5 202 T
% 0 4metoy 2 Irprerrnrne S
202" R
e Smalltheoretical uncertaintieS(R — 1): 83
—s higher-order terms (> NLO); varying g 0.2 N
betweeni . E,_ZBi and 2 - Er_ZBi = +5% 0 — Ry A —
2 jet Jjet 02 -
— uncertainties on the proton PDFs;= +3% 04
: 0 20 25 30 3 0 0

— uncertainty on a5 (Mz) (£0.0010); = +2% ©EP ° . Eg?:(GiV) >

—s hadronisation corrections; = +1.4%

e NLO QCD calculations (O(a?)) usingur = Eﬁ,jet, pur = Q and the
ZEUS-S parametrisations of the proton PDFslescribe the measurements well
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‘ Inclusive Jet Cross Sections in NC DIS aQ? > 150 GeV? I

e New measurement of the double differential Inclusive Jet Cross Section

cross-sectiord?o /d E-dQ? for jets with 3 mfj R I D
B lab & NLOC hadr 02°| &
7 < E ,Jet < 50 Gev, _]_ < njzt < 205 %‘_10-2_ ° %_10’2;— °
In the kinematic region defined by R . B 10°FHL (prel) o
] 12 F
150 < Q2 < 15000 GeV2,0.2 < y < 0.7 =1} o L S
USingL — 65 pb_l 08 =020 %0 éi/Ge\?o 10 20 30 éi/Ge\?o
e Small experimental uncertainties: ~ 5%, [ P T U
hadronic energy scale and model dependences” | : %10_3_ .
W0k g
e The Er spectrum gets harder with £ pHiprel) —o i H1 (prel.) ’
) ) oy 10 fo--ooe o . F
increasing Q32 ; ; Y FUNE— b
o 05 =46——20 30 40 _ 50 10 20 30 40 50
e Good description of the data by NLO QCD SV B / Gev
g - 700 < Q%< 5000 GeV2 o) "g 10 , 5000 < Q%< 15000 GeV?  f)
(corrected for hadronisation effects,©O(10%)) g — g
& S10°F
B ke . o F ¢
usingpur = E7 ;.. pr = Q and the Stk ;o "
5 H1 (prel.) . 5 10°F H1 (prel.)
CTEQG6.5 parametrisations of the proton PDFs~ , " Y ;
Trofe b — G ) S S —
08 “p——20 30 050 *° St 20 % 4050
E. /GeV E. /GeV
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QCD at HERA 15

‘ Inclusive Jet Cross Sections and extraction ofy, (ZEUS)!
EUS

e The inclusive jet cross sectionlo /dQ? at O[T
Q? > 500 GeV? has been used to extractys(Mz) | . ZEUS 82 pb*
as(Mz) = 0.1207 £ 0.0014 (stat.) - == QCD
10.0035 10.0022 00k (a (M) = 0.1207+ 0.0044) )
T 0.0033 (€XP-)_ 0023 (th.) e |

e Experimental uncertainties: 2% from jet energy scale | % %
e Theoretical uncertainties: IS

— terms beyond NLO Aag(Mz) = 1.5% 0.15 I T 1 i
— uncertainties proton PDFsAags(Mz) = 0.7% - TS
— hadronisation corrections Aags(Mz) = 0.8% : i}Stat'} ?ﬁ. }th

e Consistent with other determinations ofa, 0L

e \ery precise determination ofas(Mz)! E%: (Gev)

e Study of the scale dependence Q&S(Eﬁjet): from the measuredda/dEf{jet in each

EZ .., region — o, (< EZ .., >) is extracted

e The measurements are consistent with theunning of o, predicted by perturbative QCD
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QCD at HERA 16
‘ Inclusive Jet Cross Sections and extraction ofv, (H1) I
e A value of o, (.UR) has been extracted a. from Inclusive Jet Cross Section
o O(H=E) a) e 0 =Q) b)

from each data point ofd?c /dE;dQ?
— the results are compatible
e Averages ofa, (ug) determinations in Q2
or FE,; intervals = demonstration of the
running of ag S’
e The results are used to extractos(Mz):

as(Mz) = 0.1179 + 0.0024 (exp.)

5033 (#h.) 00030 (pdf.

e Reduction of experimental and PDF

0.2

0.1

0.1

0

5

o

averaged as(ur)

" as(urzMZ) from PDG

- H1 (prel.)

10

~ 100
ur/GeV

0.20

0.15

0.10

— averaged as(ur)
= O‘S(Usz) from PDG

-_ H1 (prel.) [

100
H /| GeV

10

uncertainties by using “normalised” inclusive jet cross setions (¢ jets /o NcDIS):

as(Mz) = 0.1193 £ 0.0014 (exp.) o ooz

(th.) £ 0.0016 (pdf.)

= precise determination ofas (M7 ); consistent with the world average
— theoretical uncertainty dominant (major contributions fr om p g, variations)
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QCD at HERA 17

Parton evolution at low x '

+
© Searching for BFKL-induced effects
ot e DGLAP equations sum the leading powers otx log Q?
In the region of strongly-ordered transverse momenta
virtua Q*> k7, > ...> ki, > kI,
photon E e Whenlog Q? < log 1/x terms proportional to

as log 1 /x become important and need to be summed
Xk the BFKL equation accomplishes that;the integration is

N T taken over the full k1 phase space of the gluons
= no kr ordering
e Mueller and Navelet’s proposal:
X, sz forward (proton’s direction) jet production
— ’ with x; /x as large as possible
1 Ky Jet and kry; ~ Q

proton
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QCD at HERA 18

Measurement of Forward Jet Production at lowx I

Hiforward jetdata ¢ \jeasurement of the differential cross sectiondo /dx

a —+H1
\C.J 1000% E scale uncert for Jet prOdUCtiOn with Dt,jet > 3.5 Gev; 7° < Hjet < 200’
3 55_;3}2'353;?%/*[) 0.5 < p?.,,/Q? < 2and zje; = Ejet/Ep > 0.035
k= PDF uncert. In the kinematic region
soof- 2 T | 1074 <z < 4-10"3and5 < Q% < 85 GeV?
T a | ® Strong rise towards lowx is observed
H1 forward jet data
T T T 1 1 =) H1
plrrtintenamten @ COmparison to calculationsg 1000% £ scale uncen
Xy & L ReDIR+RES
Bl S —CDM
— NLO QCD (DGLAP) lies well below the data at low x E
— MC models with extra parton radiation provide an 500

Improved description of the data
— Inclusion of a resolved-photon component (RG-DIR+RES) |

— parton emissions not ordered inkr (CDM) .
.003 0.004

Xg;
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QCD at HERA 19

Measurement of Forward Jet Production at lowx

e LO QCD (O(«ay)): hardly any phase space

available for forward jet production
NLO QCD (O(a?)): huge increase in cross
V'ﬁg%n E V'ﬁggn C section NLO > LO) due to opening

of new channel (gluon exchange in t-channel)
— NLO QCD becomes an “effective” LO,
with large theoretical uncertainties
o~ 002 7= T
g 1 TESEREE [ O e |
%0_015 ‘ % 05Qg<20Q —%f ]
o] L E - ".-‘ )

Hadronisation
proton proton

LO  O(as) NLO  O(a2) ¥ b N0

= Large theoretical uncertainties (higher-ordersj2o 40 60 80 100 0.0025 0.005
In pQCD calculations prevent firm conclusions!
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Measurements of Three-jet Production at lowx I

et et p— S B B L B 7 — —e— —
= 04l =1 Data 99/00 | 2. BE—i Parton Level
virtual virtual P = O(a3) {7 | - |
photon C photon E ano a| | L e 7
2 10 g
2 : | H1 preliminary
1 :— : 103l
H1 prelimi B Data 99/00 |
_1 [
10 | o = 8EG82 ]
;7 IIIIIIIIIII a 3
proton proton 10 -2lParton | - Is°) |
2 3 12 10 10 y
LO  O(a?) NLO  O(a?) )

e Measurements of three-jet production using thek+ cluster algorithm in the ~*p frame
with EY -, > 4 GeV, E} L jetn + EY o > 9GeV, -1 < i < 2.5
(one central jet—1 < 77; < 1.3) in the kinematic region defined by0.1 < y < 0.7
and 4 < Q? < 80 GeV? = The inclusion of yet another radiated gluon O (a?))

Improves dramatically the description of the data at lowx
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Measurements of Three-jet Production at lowx

—350 — —350 —
___Parton Level g Parton Level 2 °"°TE8 Data 99100 2> A1 preliminar
—00 | H1 preliminary =300 | H1 preliminary Q. 4500 | 24500 b y
N == O(a.3) —— /
o 4000 | s ~ 4000 Data 99/00 |
D250 2250 X T O(a?) = O(ag?) |
ho] B mummﬂl.‘-.‘llhh . O(Gsz)
200 ) . \ ]
150
- 100 | - 2
=4 Data 99/00 = Data 99/00
sof = O(a?) so B O(a3) i g
O((X 2) O(G 2) 1 B m—y
0 L o N 0 _Parton Level Parton Level i
105 0 05 1 15 2 25 1050 05 L 15 2 25 07 0.75 08 0.85 0.9 0.95 05 06 07 08 09 1
r]1 nz X X 2
— 700 E\ 1 — 800 E\ 1 1
—— e} Data 99/00 Q Data 99/00
o o
Parton Level = 600 — 700 — O(a,3) .
| H1 preliminary @ >
2 500 2 600
[S) [S)
° S 500
© 400 B
o T 400
300 |
300 f....
200
: : : : 200 *
i S— = El > EZ > ES
— Data 99/00 100} H1 preliminary 1 100t H1 preliminary 1
so == O(ag?) -
. O(O(SZ) Parton Level Parton Level |
s 0
0 e -1 -05 0 0.5 1 -1 -05 0 0.5 1
-1 -05 0 05 1 15 2 25 cos @’ cos Y’
N3

= The inclusion of yet another radiated gluon O (a?))
iImproves dramatically the description of the data at lowx
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Measurements of Three-jet Production at lowx I

10 Ee=t__— Parton Level | <= Sample of events with “2 central jets + 1 forward jet”

22

=)
o # = 7 2 I )]
5 104 | | { Sample of events with “1 central jet + 2 forward jets
o]
° PN P Level | 5 2% ‘ evel | & P Level
10 3| A N -lé 10 ] = arton Leve | .9: 180 Parton Leve ] -9: 160 arton Level A
H1 preliminary NI e ] > 160 H1 preliminary 5 H1 preliminary
02| 2 af T 8 140 | 8 120 \
= 5 104 0 = S \ 3] ! B Data 99/00
Data 99/00 = S 120 kS
AN S | B Data 99/00 5 100 B O(a.3)
= o) : I T S 1= :
| - i 10 = . S
10 O(a,?) | H1 preliminary sof | - O(ag2?) .
0 100 Y /A
Xg 102} B Data 99/00 S \__ [
B O(a3) or :
.......... . O(GSZ) | 20t ; ER—
10" 10° Ry 0 0.5 1 .
Xgj cos o’ cos g’

(T NLO scaled up for shape comparison 7)
e The inclusion of O (a?) corrections provides an improved description of the data

— particularly dramatic for the sample with two forward jets ( sample most sensitive to
additional gluon radiation) — good description of the topology of three-jet events
= Success of perturbative QCDO () at describing multijet production at low-

— almost ... still the data above NLO atx ~ 10—4 for “1 central +2 forward jets” sample
J Terr 6n (Madrid) Isola d’Elba, HCP 2007 May 24th, 2007




QCD at HERA 23

Improving the Determination of the Proton PDFsI == S
2 | 1 3t ‘/‘”””,fo-os(w.@ ]

e Observables used in the fits to determine the proton PDFs: |t / 008 () . 011052

2 ’

+;1T“f‘”k

— Inclusive measurements of deep inelastitlV scattering [y et
e Advantages: — inclusive (only final-state lepton is tagged) / 1 Pevotemest
= no QCD corrections associated to the final-state lepton , ! / I R
e’ e’ e’ 09 b2 x=0.025 (x2.0) | 0:6 | i
/ / * g 05 ¢ 0225 |
e e q - Of(s “ Mxlxm
viz }—q> vz ! vz K ’ 07 r x=0.035 (xL.5] o4 |
q gx) ¢ q q f | 03
P == N == )
N Ew’é; X q
p - s 05 L ° 0.2
N w\\“‘w
Quark-Parton Model Boson-Gluon Fusion QCD Compton

0.1

e Disadvantages:ithe gluon distribution contributes indirectl§7 +

$ ¥ (cometed i shadbwing) | .0g
——— m=1.35GeV

e Observables based on jets have hardly been used 03 | mELHCY | oor

\\\\‘ Il Il | 0'06
10 102

(4 ¢,
N
— large QCD corrections and hadronisation corrections et
e Fixed-target DIS: higher twists, heavy-target correctiors and isospin-symm. assumptions
e That’s the past! NOW there are measurements of jet cross sections at HERA
= directly sensitiveto the gluon densitywith small experimental+theoretical uncertainties!

e Sufficient sensitivity to determine the proton PDFs within asingle (ep) experiment
J Terr 6n (Madrid) Isola d’Elba, HCP 2007 May 24th, 2007
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Determination of PDFs using structure function and jet datafrom ZEUS I

ZEUS
) F 2 E 3 E
\ bZ L5k Q°=2.7GeV i 3.5 GeV i 4.5 GeV i 6.5 GeV? . ZEUS
. : : L L > E T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T B
4 ] & L X§®>075 ZEUS-JETS -
S R 5 F ] tot. uncert. 3
05; - ST ZEUS dijetyp 96-97
r i b _ F mmmm Jet energy scale uncert
0 YT ST ST mm: YT SNTTITI YT —% 10 ; |
8.5 GeV B =
15 o

1?2 4
(x 20000)

o
o [$) =
/
e T

. 18 GeV | (1)41;:3<§.4 E
150 = : <
10t L (109 4
1k r E
0-5; * 10? 3 E
0 TR SO T \mmi ol I \ (ST ST T ol I \ 10° % o<t ?xq(‘;e;)llz)(l é
g 45GeV | 60 GeV? | 70GeV | 90 GeV* 164 1 &3 ;‘ggg) i
L5 o g Fo 3 jet12,, ' E
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ST Fimw and jet data in NC DIS and ~p collisionsfrom ZEUS only (!)

e Sufficient sensitivity to determine the proton PDFs within asingle experiment
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Determination of PDFs using structure function and jet datafrom ZEUS I

e Data sets used in the fit (577 data points):
— Structure function measurements: reducedg
double differential cross sections inc and Q?
e neutral current DIS etpande—p
e charged current DISetpande™p
— Jet cross section measurements:
e inclusive jet production in NC DIS
e dijet production in ~p collisions
e Evolution of the PDFs with the energy scale:
DGLAP equations at NLO (M S scheme);
11 free parameters o when free)
e Full account of correlated experimental

0.6

0.2

ZEUS

. R
oo
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L )
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X o3,
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X
1)
— 33
XD
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[
-
R
X
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L R

4 uncorr. uncert.

xg (x 0.05)

Q°=10 Ge\ |

ZEUS-JETS PDF
agdM,)=0.1180 XUy

total exp. uncert. /7

uncertainties using the offset method oL -
. . . 10° 1
e A good description of the data is obtained:
x?2 = 470 for 577 data points X
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‘ Improving the gluon distribution: jet data I

e Comparison of gluon distributions from fits with g o
and without jet data £ 02
— no significant change of the shape: no tension %02
between jet and inclusive data %z:

— the jet cross sections constrain the gluon density .

In the range 0.01 — 0.4 0.4]
— | Sizeable reduction of the gluon uncertainty °

e.g. from 17% to 10% atx = 0.06 and Q?

— similar reduction by a factor of two in

0.6
. . 0.4
the mid-z region over the full Q2 range 02f

0
-0.2
-0.4

-0.6

o
N
TTTT T T3

-0.2f

7 Gevz_z';1

[ ] with jet data

B without jet data

—  Q*=20GeV -
\ LI B L B
\H‘ HH‘ L HH‘ L HHH‘ L Lol

110 10° 102 10t

X

J Terr 6n (Madrid) Isola d’Elba, HCP 2007

May 24th, 2007



QCD at HERA 27

‘ Summary of o, determinations'

NLO QCD fit

e \Wealth of determinations of o, at HERA
H1 (Eur Phys J C 21 (2001) 33) .
NLO QCD fit from a variety of observables:

ZEUS (Eur Phys J C 42 (2005) 1)

PEUS(Phys Rev D 67 (2003) 012007) — NLO QCD analyses of structure functions

Jet shapes in NC DIS

ZEUS (Nucl Phys B 700 (2004) 3) — Inclusive jet production in NC DIS

Subjet multiplicity in CC DIS
ZEUS (Eur Phys Jour C 31 (2003) 149)

Subjet multiplicity in NC DIS — Dijet production In NC DIS

ZEUS (Phys Lett B 558 (2003) 41) a - _

ZEUS (Phys Lot B 560 (2009 7) — Tri-jet/Dijet rate in NC DIS

Mflgrjeelts(clzgrwr?bll?tlesd paper to EPS05) — Jet Substructure in NC D|S

ygtljiéje(téljpyh?/s[)jsc 44 (2005) 183) :

Norm. Incl. jet cross sections in NC DIS — Jet su bStrUCture INn CC DIS

H1 prghm_mary (DISO7)_ _ ] _ _

1T (Eur Brys 3'C 16 (2000) 269) —s Inclusive jet photoproduction

Inclusive jet cross sections in NC DIS . . . .

ZEUS (DESY-06-241) e Theoretical uncertainties are dominant

TEUS (Phys Lot B 247 (2002 164) . .

Dijet cross sections in NC DIS — Biggest contrib. from terms beyond NLO

ZEUS (Phys Lett B 507 (2001) 70)

HERA average

(hep-ex/0506035) . .

World average oo e Average of HERA determinations

o1 015 014 as(Mz) = 0.1186 £ 0.0011(exp.) & 0.0050(th.)

a M) (most recent ones not yet included)
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‘ The running of o, from HERA data alone I

5 0.25 i

0.15

e Combination of s (EJS*) determinations

. 0.1
at similar energy scales—' L

Observation of the running of a; from HERA jet data alone

0.2

0.1

HERA
® ZEUS (inclusive jetyp - p=E")
m ZEUS (dijet DIS -pu=Q)

J a ZEUS (inclusive jet DIS u—EJe?

; * H1 (inclusive jet DIS p=EF")

-
: \‘1\?\ } ]'A
g
,,,,, QCD §\\\\I\‘~\
a (M) = 0.118+ 0.003

10 10°
U (GeV)

e Determinations of s (1t):
— Dijet NC DIS (1 = Q)

V’025 T T 1

0.2

0.15

— Inclusive jet NC DIS (u = E‘i_,?t)

- QCD

— Inclusive Jet D (u E"et)

® HERA

aM,) = 0.118+ 0.003 i

10 100
EEt (GeV)

: : : : . jet
— Consistent with the running predicted by QCD over a large rarge in E2;
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‘ S U m m ary an d O utl OO k I " as(Q) Determination with L=500 pb™’
7 HERA Dijets L=500 pb™"

0.18 -

e HERA | has made possibleprecise measurements |

Aay(M;) (stat) = 0.0006

of jet cross sections andet substructure in neutral . [ e
current deep inelasticep scattering and ﬁ HET:&?ZZ)L jiioﬁ§-1
photoproduction o1el

e These measurements have provided ﬁ

—s tests of perturbative QCD beyond LO oaz|

— precise determinations ofa
— Improved determination of the gluon density inpo:
— tests of the partonic structure of the photon I
— exploration of parton dynamics at low x Q[ GeV]
e In many areas the measurementsave reached a level of precision such
that the theoretical uncertainties dominate in the accuracy of the fial results
e HERA | + Il have provided ~ 0.5 fb—! of physics luminosity per experiment

— jet analyses with full luminosity just started

= Improvements expected orx, and proton and photon structure
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