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Parton level (photo)production

Resglved (x,< 1)

/ . I Jet

Direct (x,~ 1)

resolved
ep—etjets+X

O.dlrect

ep—etjets+X = f;'/ p ® O-ei—> jets



High E; jets

= Search for new physics
Low E; jets (non-perturbative effects and scale uncertainty important)

Inclusive vs dijet
+ More statistics, extended kinematic range
— No direct reconstruction of Xy X,
+ No infrared sensitivity w.r.t. Kinematical cuts as for dijet

Prompt photons
+ Direct insight into the hard process not biased by fragmentation
— Low cross section



NLO weighted parton MC - , NP B507 (1997) 295
(H1 - inclusive and dijets, ZEUS - dijets)
— photon & proton PDFs: GRV & CTEQ5M
— Other choice : photon: AFG, proton: MRST99, CTEQSHJ (g1 at 1 x,,)
, EPJ Direct:C1 (1998) 1, (ZEUS - inclusive jets)
— photon & proton PDFs: GRV & MRSf99
, hep-ph/0105121 (H1-prompt photons)

— photon: AFG, proton: MRST2

LO QCD Monte Carlo event generators to correct data and calculations to
hadron level:
— Fragmentation: (PYTHIA, PHOJET) or (HERWIG)

Multiple Interactions (PYTHIA) p,/7@=1.2 GeV
Underlying event: {



Inclusive jets: E

H1 inclusive jet photoproduction

¢ H1dataQ®<0.01 GeV>(xR_)
¢ H1dataQ®<1GeV?

— NLO (1+3, )
L

do,, /dEL! [nb/GeV]

incl. k, algor. (D=1)
A<n®<25
164 Svas 242 GeV

— NLO(1+35,4,)

LO (1+5,,4,)

Ringberg, 30/9/2003 J. Cvach, Photoproduction of jets



n distribution

H1 inclusive jet photoproduction

—— NLO (1+8
L

had r.)
GRV,CTEQSM

NLO (148,,4,)  aFa,.cTEQSM

incl. k, algor. (D=1)
a?<0.01 Gev’
184 <W, <242 GeV

3= Ej?c.: 52 GeV (x 4)

Ringberg, 30/9/2003 J. Cvach, Photoproduction of jets §)



® ZEUS 98-00

— NLO QCD
—LO QCD

1<n*<2.5
142 < W’l‘? <293 GeV

[ et energy scale uncertainty  To test the scaling hypothesis

NLO uncertainty

3
£
3
Z
g
=

 For ag extraction
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Jet photoproducfion: o extraction

o ZEUS 98-00

+0.0022  +0.0054
rom (M) =0.1224 £0.0001 00 ois

B9 Bethke 2002
S ZEUS 98-00

B Bethke 2002 all Ei¢t
regions

Elf'(GeV)

60 70
El' (GeV)

e
3
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o summary

ZEUS o+ Inclusive jet cross sections in yp
(Phys Lett B 560 (2003) 7) ZEUS
ZEUS i Subjet multiplicity in NC DIS
(Phys Lett B 558 (2003) 41)
ZEUS - NLO QCD fit
(Phys Rev D 67 (2003) 012007)
ZEUS —+—  Inclusive jet cross sections in CC DIS e
(hep-ex/0306018) o ;SQ
CDF - — Inclusive jet cross sections igopp 2 'ﬁ :
(Phys Rev Lett 8 (2002) 042001) oy ’il:,'
ZEUS + Inclusive jet cross sections in NCDIS | <.
(Phys Lett B 547 (2002) 164) ¥ 2
ZEUS (prel.). - N Jet shapes in NC DIS fo B0
' (Contributed paper to IECHEP01) o

H1 N NLO QCD fit
(Eur Phys J C 21 (2001) 33)

H1 - Inclusive jet cross sections in NC DIS
(Eur Phys J C 19 (2001) 289)
ZEUS Dif'et cross sections in NC DIS
exper ]118?1:31 (Phys Lett B 507 (2001) 70)
uncertainty

H—t World average

theaxstisal, (S. Bethke, hep-ex/0211012)

0.14
C(s(_h’] Z)

Ringberg, 30/9/2003 J. Cvach, Photoproduction of jets
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* H1data

~r NLO

= NLO (148,47
0
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M,, (GeV)
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e
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d oS0 /dE oo (PD/GEV)

o
T

10

e H1 data
== NLO
— N(I:.)O (1 +5hadr)

1

1

20

30

40

50 60 70 80
(GeV)

ET,mean

E__>25GeV, E._>15GeV, -0.5<7<2.5

T,ma

 NLO QCD calculations describe the shape
and normalization of M; cross section well

» Similar stafement from ZEUS measuments

* In the dijet cross sections do /dE; .., the
scale uncertainties are reduced to ~ 5% for
E; nean > 30 GeV, hadr. corrections < 5%.

* NLO describes also well do /dE ., Ccross

section

» Validity of pQCD description of parton - parton
and y - parton interactions in photoproduction
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» ZEUS 96-97
NLO (GRV) ® HAD
NLO (AFG) & HAD

Jet energy scale uncertainty
xf;bs <075

<0 s ZEUS 1996-97 X3°* <075
NLO (GRV) ® HAD
NLO (AFG) ® HAD
Jet energy scale uncertainty

60
Elt(GeV)

e
3
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Photon structure

ZEUS

14 <El* <17 GeV 17 < El% < 25 GeV
® ZEUS96-97
S  NLO(GRY & CTEGSM1) t
- NLO(GRV & MRST99) Ef*"! < 25 Gq

gy e

—y
=]

35<E <80 GeV

T.max

=
=

& H1 data
NLO (146, ,,,)

— GRV | photon
AFG | PDF

=
n

=

Cross section/theory

14 < EJM <17 GeV
® ZEUS 9697
£  NLO(AFG & CTEG5M1)
NLO (AFG & MRST99)

= = 2
N = @

Cross section/theory

2
s

5
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25 < Ejett < 35 GeV

Eie et (GeV)

e ZEUS (prel ) 96-97

=

HERWIG (normalised)
NLO (CTEQ5M1 x GRV)

*
NLO (CTEQ5M1 x AFG) \

Differences between ZEUS and
H1 appear to be due to the
different cuts on E,

Comparison of data vs NLO
depends on the cut value!

E ., dependence significantly
different for data and NLO

HERWIG describes dependence
very well

For x, > 0.8 converges to the data
as E;, cut is decreased; the cross
section is less sensitive to the E,
cut value



« Scatering angle 6" of 2-2 parton scattering
RESOLVED coincides with scattering angle in dijet CMS

g g PROCESSES
1| ,jet _  jet
2[771 2 J

gluon exchange
e Small angie jet angular distribution given by
the spin of the exchanged particle

cos@* =tanh

DIRECT > Resolved do N\
q q PROCESSES : —*~[1—‘COS<9 ]
quark exchange (gluon domlnant) d‘COSQ
i -1
» Direct do ~(1_‘COS€*J
(quark exchange) d‘cosé’*

Dijet 6 distribution should be steeper for resolved processes (x, < 0.75)
compared to direct ones (x,> 0.75) as |cos 6 - 1



ZEUS

e ZEUS 96-97
NLO (GRV) ® HAD
NLO (AFG) ® HAD
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The dominant mechanism for high Jet ShapeS

E  production in yp goes via

9,9,—>q9 (resolved)

yp—>qq (direct)

Majority of quark jets in y (e)

direction n,,; <0 - PYTHIA
Increasing fraction of gluon jets with
increasing N,

Tagging quark and gluon jets can - cucrks (<0.741)
disentangle the underlying hard ll 4\
process : N

g jet. AN

W(r=0.3)<06andn_. >6 o bl
(r=0.3) <0.6 and n, > | - i
DO

thick jeta

&

gluons (<0.58>)

Number oféets

> quark - “thin” jet: W
. 7 [ RO YRR R
<4 o LRGBS

,’ rr VLA PR AR R EE TR R R LR R
= < ,
LIJ([" 03) 08 and nSbj 0 01 02 03 04 05 06 07 08 09 1

Lk
for y = 0.0005 in k, cluster algorithm W(r=0.3)

r
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Inclusive sample

@ ZEUS (prel.) 98-00 (thick jets)
O ZEUS (prel.) 98-00 (thin jets)
— PYTHIA

i
3

Ringberg, 30/9/2003
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® ZEUS (prel.) 98-00 (thick jets)
O ZEUS (prel.) 98-00 (thin jets)
PYTHIA

60 70
Eif(GeV)
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Dijet sample

® ZEUS (prel.) 98-00 (thick-thin jets)
—— PYTHIA

(arbitrary units)

thick

Ed

j==]
w
=]
]
z
0
=

0
0.8 06 04 02 0 02 04 06 0S8

*
cos O
thick

® ZEUS (prel.) 98-00 (thick-thick jets)
O ZEUS (prel.) 98-00 (thin-thin jets)
— PYTHIA

Jet shapes give a powerful handle on dynamics




H1 new analysis of 58 pb-' data with
e* in Spacal » 2 < Q? < 80 GeV?

Large 0.1 < y < 0.85 range to study
contribution from longitudinal photon

Comparison with NLO in environment
with two hard scales: Q? and jet E;
when neither of scales is large

For E2 > Q?virtual photon behaves
as both direct and resolved similar to
photoproduction

No collinear divergencies in NLO for

virtual photon

PDF for virtual photon is perturbati-
vely calculable, multiple parton
interactions small

® HI data --- NLO JETVIP dir
— NLO JETVIP total

5<E,<10Ge¥  10<E <20GeV  20<E_<60GeV

g

44> Q7 > 2 GeV>
&

4’0y, /(dQ" dE dn) (pbGeV ™)

Asymmetric Ep cuts (B >7GeV, E >5GeV)

80> Q> 25GeV? 25> QP> 10 GeV2 10> Q7> 4.4 GeV?

Tripple differential dijet cross
section of x, in bins (Q? E7)
compared to the NLO calculation
by Jetvip



Stability of

® HI data — JETVIPDIR,
— JETVIP total

5<E;,,<10GeV 10<E; ,<20GeV 20<Ep ,<60GeV

44> Q% >2 GeV?

d’c,,/(dQ* dBrj,) (P GeV ™)

Asymmetric E, euts (E[ >7GeV, E ,>5GeV)
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SIGNAL| QCD Reaction
q

Ringberg, 30/9/2003

Prompt photons
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ZEUS

Radius (cm)

Shower shape variables:

ZEUS: longitudinal shape (5Z)=>'E, *|Z, - (Z)|/>_E,

H1: radial shape

ZEUS: f

max

H1: hot core fraction = energy in

Signal extracted by fit:
H1: likelihood discriminators
in(Er, n)

Discriminating variables are well
described by the fit

radius = Y re 1Y ¢

Distribution of energy in shower:

fraction of energy of the most energetic cell

core / cluster energy

]
=i
=
I

200

600

400

200

- 5<EF«|:1D GeV
—1<1%<0.9

& Data

b)

06

0.8

1

Hot Core Fraction



do / dE¥ (pbiGeV)

do / dn’ (pb)

10

10 —

60

50

20

10

[ T T T
L 02400

- 07’09 0 ZEUS

| ! | T ]
& H1, prelim.

— NLO QCD

10 12.5 15

Ef (GeV)

40 -

30

! [
[ 0.2<y<09
L 5<E}<10 GaV

T | 1
& Hi, prelim.

0 ZEUS i
— NLO QCD ]

- b)

1] [ L

-1 -05

0 0.5

New H1 results presented as ep cross sections for
5<E <10 GeV, -1<n<0.9 at 0.2<y<0.7

Inclusive cross sections compared to the NLO QCD
calculations of Fontannaz, Guillet, Heinrich

photon PDF: AEG proton PDF: MRST2

NLO describes data quite well with tendency to
overshoot data at large rapidities

PYTHIA (not shown) describes data well in shape
but is low by 30% in normalization

ZEUS 1997 data above H1 data



Prompt photon and'jet Cross sections

e H1, prelim.

=== NLO QCD s H1, prellm.

m=m NLO QCD
------- NLO QCD (M.1.)

NLO QCD (M.1)
----L0QcD

)
Soafy
o
p—— *{»
= H1, prellm. 0 & H1, prelim. it
s NLO QCD ey = NLO QCD L
NLO QCD (M.1.) -— [ e NLO QCD (M.1.)

----LOQCD

L
=]
=]
(=]

dc/dxv(pb)

do / dx
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HERA measures jets in large kinematic domain and large
dynamic range, e.g. jet E; cross section spans over 6 orders of
magnitude

Inclusive single jet cross section are in agreement with NLO
QCD and can be used to extract very precise ag value

Dijet cross sections are accU‘rat"elly measured but comparison
with NLO QCD is often difficult due to theoretical uncertainties in
the treatment of infrared and collinear divergencies. Comparison
of data with calculations is for experimentalists often more
tedious than the data analysis itself.

At HERA Il a ‘classical’ photoproduction of jets will step down in
favour of jet production in diffraction and with jets heavy flavours
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