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e Outline
— Neutral current deep inelastic scattering:
— (multi)jet production at low «
— Isolated-photon production
— Photoproduction:
— (multi)jet production
— prompt-photon production
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‘ 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 (q=k-K) ep —~ e+ X

e+ (K)

/ can be described bytwo independent
/ kinematic variables, e.g.

— Q* = —(k— k')

K
quar —> rp; = Q*/(2P - q)
—
Ej e — Inelasticity variable
proton (P) y = Q*/(z5;s)
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Parton evolution at low x '

- e DGLAP equations sum the leading powers oéx, log Q?
inthe region Q% > k2. > ...> k2, > k7,
¥ haton C e Whenlog Q? < log1/x —> o, log 1/x become important;
BFKL equations sum these terms=- no k+ ordering

et

x k
' e Mueller and Navelet’s proposal: forward (proton’s direction)
o jet production with x; /x as large as possible an&r; ~ Q
2 T2 .
x, k. ? H1 forward jet data

H1
1000 +
% E scale uncert

— NLO DISENT 1+E'>HAD
0'5Llr,f<“r,f<2l'lr,f
PDF uncert.

proton

e Measurement of the differential cross sectiordo /dx
for jet production with p¢_jer > 3.5 GeV, 7° < Oj6¢ < 20°,
0.5 < pf’jet/éf <2andxje = Ejer/Ep, > 0.035 soo| (& TTHOPSER
intheregion10™? < £ < 4-10"3and5 < Q% < 85 GeV? —

e Strong rise towards lowx is observed

— NLO QCD (DGLAP) lies well below the data at low x

(NZR — <p%,dz'—jets>)

do/dej (nb)

o a)

0.001 0.002 0.003 0.004
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Measurement of Forward Jet Production at lowz (up to n7¢t = 4.3) I

et et

. . e LO QCD (O(«as)): hardly any phase space for forward jets
i T.é% e NLO QCD (O(a?)): huge increase NLO > LO) due to
i SR g opening of new channel (gluon exchange in t-channel)
— NLO QCD becomes an “effective” LO, with large
theoretical uncertainties
pE pE e Measurement of inclusive jet production with ng"t > 5 GeV,

6 Oas) w oz 2< 17 <4.3,05 < (EJ)?/Q* < 2andz;c; > 0.036

5 g iN4-107* < x <5-107%,20 < Q% < 100 GeV?
o, x10 2_ [ 1 Energy Scale Uncertalnty | = 600 ‘ ‘ \
~ ¢ ZEUSS82pb" = ] . .
a0 | 5 ® e Strong rise towards lowz is observed
B - S 400 . . .
S 200 [ 5 I | @ Comparison to pQCD calculations ugr = Q)
o 200 - """"{{//,, 1 — big jump from LO to NLO
N , - | — large ur dependence (large uncertainties)
g 0 ‘

S . g I ] — NLO underestimates the data by factor of~ 2
4 .. ) . | < - ] 1 I I I
- i S = Large theoretical uncertainties (higher-orders)
= i | © I . . . ! ] - . . .

T e ems 2 3 o in pQCD calculations prevent firm conclusions!
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Measurements of Three-jet Production at lowx I

et et
et et
virtual virtual
photon C photon C

10 F

1 |
-1

10 |

proton

LO O(a?)

proton 10

NLO O(a?)

Data

H1 B25  corr. error
B 0(?)
— CDM 1
_j ----------- RG d+r
1 3 4 5 6
N

da/dx [pb]

106 H1
107}
Data
2 corr. error
3
10* E 8(0‘52)
(a.2) |
_4 _3
10 10 X

e Measurements of three-jet production using thek+ cluster algorithm in the ~*p frame

with E% ., > 4GeV,E% .., + E% .., >9GeV,—1 <
(one central jet —1 < ne?b

jet

lab
jet
< 1.3) in the kinematic region defined by0.1 < y < 0.7

< 2.5

and 5 < 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

__ 4000 — b ‘ :
Q ata
200 = corr. error H1
- )
5( 3000 ,E 0(033) |
N O(G 2)
150 [} s
o
2000
100
50 1000 | /| A
o | | O(‘asz)‘ | | O .............
-1-050 05 1 15 2 25 0.7 0.8 0.9 1
nz X 1
Three—jet Rest Frame Q500 H1 Data
_ corr. error
@ O(a_3)
N 400 | s
8 ...... O(GSZ)
o
[}
©

w
o
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N
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o

100

O L
-1 -0.5 0 0.5 1

cos©’

dol/dX', [pb]

do/dcos U’ [pb]
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Data
corr. error
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= The inclusion of yet another radiated gluon @(a‘s‘))

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

1 forward jet + 2 central jets <= ' Sample of events with “2 central jets + 1 forward jet”

S 105 H1
o 10 E
[ S - 11 . A b} )
X ﬁ U Sample of events with “1 central jet + 2 forward jets
< A
_8 \ _ _ 2 forward jets + 1 central jet _ _
........ 2 forward jets + 1 central jet  — 70 T 2 forward jets + 1 central jet
10 4 - ﬂ““ E T Q Hl — T T T T T
¢ — o ‘T'
S 10° ., 60} >
o = e Data L1 2 M-
% S w0 g Fa
¢ Data ) S a
3 g5 © S
10 g9 COrIr. error 4 -
= 0O(a.3) 10 £ 10
R O(GSZ) %
-4 | -3 © ) Data
10 10 10 HEE .
X 10% L8 corr. error = corr. Srror
e o = 0(a?)
O(Gsz) Y O(asz)
O(as ) 10 L L L

10 20 30 40 50 60
10 10 X n]_ p*Tl [GEV]

e The inclusion of O (a?) corrections provides an improved description of the data

—s particularly dramatic for the sample with two forward jets ( sample most sensitive to
additional gluon radiation)

= Success of perturbative QCDO («?) at describing multijet production at low- x
—s almost ... still the data above NLO atz ~ 10—4 for “1 central +2 forward jets” sample
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Multijet production at low x S0 o . 8 [ eRmmwm
g -~ NLOjet: O(c) @ C,] “E10°F . NLOjot: 0&; oo
s | %i : ]

e Measurement of differential cross g1 [T !
T

sections for dijet (trijet) production

jetl et2.3 1- Ny 3
E’ZF,H cm > 7 GeV, E%,H’CM > 5 GV, s mmmgenr "
j€t1,2,3 i r‘ T t —t—+ A_

trijets

- jet energy scaﬁa2 uncertainty
|10 116 < ;,Lf/(qu-ET) <1

I
|
Y
o
)

and —1 < 77, < 2.5 : A L

in the kinematic region defined by g o
10 < Q% < 100 GeV?, Towowen w

10* < zp; <10~ ?and0.1 <y <06 "

> F e m ZEUS 82 pb > 100 emO ZEUS82pb™ -

AT (IR i RiEROT.

e Comparison to NLO QCD calculations 5 1o: i \\\

(O(a™) for n-jet production) H 10.11”:3(“04) ¢ %g i

corrected for hadronisation effects: ﬁj_ o ® 180()3

— good description of the measured e

distributions as functions of :>°5: 3 ; E P S &

QZ,SEBj andEg,'fZ"CM §£Z§ : §£ g T T ";

T T T L T R i T

Erum (GeV) Er uow (GeV)
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. . = Q7 FTTTTT T T T T g T T e ) RS AR b

Mult”et productlon at |OW T g i ‘000‘017‘<x ‘<o‘ooos‘* a 0.0003 <IxBj<|o.0(|)05 | - 0.0005 <xg<0.001
x

NE 106? / Ed / E3 3

SN 2 72 /]

=T J/ —+ K - // _:

e Further investigation of low-x parton s
dynamics by studyingtransverse-energy =~ ~
and angular correlationsin bins of 5

d?o /d|APP5E:2 |da

O = N
T T
[ \
3 \
I N
= 1 ) .

data - theory
theory

£ L4 L
10051152253 05 115 2 25 3 051152253

e Dijet events:

(det12|
1 jetl,2 . HCM
2 . .. . . = E 0.001 <Xy <0.0025 I  0.0025 <Xg <0.01 ]
— O(a?) = first non-trivial contribution! 5 . 1 |+ zeUsep”
. . 33 0 | diets
— O(a?) = first correction! Tl Nl (00 o
e O(a?) calculations deviate more and more$ | I e ey scae
A 116 < w2Q*E) <1
from the data asz p; decreases ok
e O(a?) calculations provide a good 10}
description of the data even at lowz o 2 DIJETS
(calculations not possible close tchb%_?é,ll’sz = ) §§ O 3 E
- '10 05 115 2 25 3 05 1 15 2 25 3
Importance of higher-order effects at lowx! a g
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‘ Multijet production at low « I

e Further investigation of low-x parton
dynamics by studyingtransverse-energy
and angular correlationsin bins of x5

jetl,2

dza/d|A HCM

|dCEBj

e Trijet events:
— O(a?) = non-trivial contribution!
— O(a?) = first correction!

e O(a?) calculations provide a good
description of the data even at lowx

Importance of higher-order effects at low !

0.00017 < x; <00003

106?““\“”\””\\\\\\ \H\H\\\\,:?lll|||||||||||||||||||||||||||

10°¢ +

0.0003 <x, <0.0005 f¥

L?u-||uu|n||||run|uu|uu|\_:

0.0005 <x <0.001 i

data - theory
theory
1 O

L E
VR RN

0.001 < Xxg <0.0025

0.0025 <x, <0.01

data - theory
theory

N

T

]
05 115 2 25 3

1152253

| (detl ,2

HCM

(detl 2

HCM

e ZEUS82pb?
trijets
—NLOjet: (@) O C, ,

[ ] jet energy scale
uncertainty

-1/16<p/(Q +E)<1

TRIJETS
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‘ Isolated-photon production in NC DISI

e Production of isolated photons in NC DIS €’ Y e & e’
constitutes aclean probe of pQCD ZLL Z é v
and a benchmark for SM-background q q
calculations in the search of new physics p=——= p
Involving final-state photons

e SM calculations: ¢ e e

— LL: wide-angle radiation from the electron \/ QQ Y

line (low-angle radiation suppressed) i i 3 q

— QQ: radiation from a quark line P P

(direct radiation or fragmentation; fragmentation suppre ssed by isolation requirement)
— LQ: the interference is expected to be small
e Photon candidates:compact EM clusters in LAr calorimeter; no associated track;isolated.
e Jets are reconstructed applying thekr-cluster algorithm with D = 1 over all final-state
particles, including photon candidates— isolation condition: the jet containing the ~
should fulfill E}./E)°* > 0.9| = Isolated-y signal extracted using a MVA
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‘ Measurements of inclusive isolated photons in NC Dli

> | H1 & HiDaa 2 40f H1 & HiDaa 2 15) H1 40<Q’<150 GeV?
o - — LO(od) LL+QQ+LQ = ; — LO(od) LL+QQ+LQ =
o) I S 3 = . - 3 1=y I
2 20 LO(ocS) LL % 30} LO(ocS) LL -\g _
>|:|J'_ -—-LO(®) QQ 3 : * -—-LO(®) QQ S  10-
T _ ‘ : * : &
1\? i 201 —
10_;___—+— f | 5f —§—
_ 10— —— [ $—
““““ . [ 1_'—li —————"““J—'i_ ;
o—t— e S 0_ | 0_ ...... |
4 6 8 10 -1 0 1 -1 0 1
E! [GeV] n' n

e Measurement ofinclusive isolated photonproduction with 3 < E]. < 10 GeV and
—1.2 < 17 < 1.8 in the kinematic region defined by4 < Q* < 150 GeV? and
W > 50 GeV

e Comparison to LO (O(a*a?)) calculations corrected for hadronisation effects

— shape of the distributions: ok — normalization: a factor 2 too low

—> a good description can be achieved by scaling the QQ contriliwn by a factor 2.3

e Better agreement between data and theory foQ? > 40 GeV? (LL contribution larger)
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‘ Isolated photons with an accompanying jet in NC Dlﬂ

-
Qe

p— i p— p— 10 E
> Q - < :
o | H1 $ Hi Data s [ H1 > | H1
O 150 — LO(od) LL+QQ+LQ . (0] i
B I =y 20_ ~ r
8 — LO(®) LL 5 _ s
—_— -—- LO(e®) QQ 3 - o~
S 10% - - NLO () ' * S
o) L I ~
© 00_*_~ 10[ Y . _*_ -8

——t——————  -.. ¢ IS l'_l_."%=

S [ I — o w0

03 6 8 10 04 5 : - -
Er [GeV] n Q? [GeV?]

e Measurement ofisolated photon plus jetproduction with Egﬁt > 2.5 GeV and
—1.0 < Pt < 2.1
e Comparison to LO (O(a?a?)) and NLO (O(a®ay)) calculations corrected for
hadronisation effects
— LO underestimates the data as for the inclusive photon measament
— NLO improves the description (most significantly at lowQ?),
but still below the data (~ 35%) Further theoretical investigations needed!
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‘Photoproduction ofJetsI e : e g
/1

e Production of jets in ~p collisions has been
measured viaep scattering atQ? ~ 0

e At lowest order QCD, two hard scattering
processes contribute to jet production= Resolved process \r"eﬁtﬁé‘m

e PQCD calculations of jet cross sections Direct process

1 1 1
dojer =3 /0 dy £ e (y) /O Aty fayo (s 112) /0 dity Fosp(@ps 12) dbaps;
a,b

. . . ZEUS 1995

— Photon structure: jet cross sectlons Inyp probe quark ~ T THIA 5.7 DIRECT + RESOLVED
and gluon ’)"PDFS at/,l,%,y ,get (200 — 104 GeVz) . 1400 L L_JHERWIG 5.9 DIRECT + RESOLVED
— Proton structure: jet cross sections imyp probe quark 1200 [Juerwc 5.9 oivect
and gluon p-PDFs atz,, up to ~ 0.75 19901 zeus 1005
e ODbservable to separate the contributionsithe fraction
of the photon’s energy participating in the production of R
the dijet system [ ogs L 2  jet; _niets

w’Y - 2E~ Z‘ 1 ET e Oé'm 03705 04 0.5 06 0.7 08 08 I
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‘ Dijet Photoproduction I
x> 0.75  ZEUS gobs < 0.75

e New measurement of differential NN - AR
cross sections for dijet production S szevseept |8 1
‘ot jet2 o | —NLO (AFG04) DHAD] "5 = |

E%ﬂ > 20 GeV, ET > 15 GeV, IEI-Jl: i ---NLO (CJK) 0 HAD :IEJ,'_

—1 < pietlh2 < 3 (and at least g e uneeriamy R

one of the jets withinn7¢t < 2.5) : P

in the kinematic region Q% < 1 GeV? 10°F 10°f

and 142 < W, < 293 GeV |

e Measurement ofdo /dE with T g o ! |

— etl iet2 S 2 —— L i | —— 1 S 21 —— I I I

Er = (EX"" + EJ™°)/2 2. Mp——

e Small experimental uncertainties: R PR e L .

jet energy scale {% for Er > 10 GeV) &5t L 520.52'0' ol L

N
o
N
o

— =~ £5% on the cross sections E. (GeV) E. (GeV)

e Comparison with NLO QCD calculations (corrected for hadronisation effects,< O(10%))
using CTEQ5M1 for the proton PDFs and AFGO04 for the photon PDFs

— good description of direct-photon enriched region ;(nf;bs > 0.75)

— data above NLO (AFGO04) in resolved-photon enriched regionaégbs < 0.75)
J Terr 6n (Madrid) Philadelphia, ICHEP 2008 July 31st, 2008
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16
‘ Dijet Photoproduction I 2% > 0.75  ZEUS 2% < 0.75
3 Illllllllllllllllll:S_III|III|III|III|III_
=2 x3s > 0.75 ] 3
ZEUS g 10°¢ * ZEUS 82 pb™* i
_é — NLO (AFG04) O HAD
~~ [T T T T T T = ]
31400- * ZEUS 82 pb’ | B} X ?;?E(Scj:czemrt::tj 3
~ [ NLO OHAD: 1 ] i
@ 1200p AT -
S > Eilé $ 10}
25 1000} - GRv - |
~ | -~ SAL i
b 800~ Jet ES uncertainty h 1r '
© ! s A s E:::{:::{:::{::'{:::
I 315 _ 5 2 [
600:_ ______ J'.-:'$'.*_4 - ,<9 1_‘_.'-.3}-}-{. g ;15..'.!$§1}{ """"""""""
i R v L 2 1Y o 1§ :
400_— _______________ i 1 §0.5|||||||||||||||||| §0.5|||||||||||||||||||
i 0 02 04 06 038 1 0 02 04 06 038 1
ngs ngs
200525 e Measurement ofdo /dx2"*: comparison with
s 8' R R R different sets of photon PDFs (most deviant: CJK)
Q O e b bs _ _1 jeti pieti
T 1.4 e e Measurement ofdo /dx?”%, 2% = 1o Y. Er e
o 1-21'-,;_;;;_,;;;;:;_;--'g'j,',;__j;;j_:_-j{g;f__‘_"}ff}--%--| — reasonable description of direct-photon enriched regiot
o H~ T . : i
=08 1.1 1. 1.3 — poor description of resolved-photon enriched region
o 02 04 06 08

1
xgbs = None of the photon PDFs describe Iovwf;bs data
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‘ Dijet Photoproduction: optimized cross sectionj

ZEUS ZEUS

Sq0oF " T T T T3 F T+ T T T ] —~ 1 L B BN B L L L L B
'g_ 3 0<n®<1,2<n*<3 '8_ 300F 0<n®™<1,2<n*®<3 7 'g_ 100F -t 2<n®™<252<n*® <3 '8_ 120F ¥ : 1<peie? ¢ o .
- [ EF™ie? > 25, 15 Gev 1~ F — EMs20,15Gev ] ~ I ‘ % L ERH? 5 20, 15 Gev 1= o if EMso515Gev
3 8o 428 2s50F 3] 3 8 3 & 100F il -
oo I oo o o o 80 1 oa [ [V 1
-é : é 200} 'é . é i 1
5 ] 2 3 i 80 ) 7
S 6o 1% F ] B 6oL 1% ¢ ® ZEUS 82 pb* ]
© i O 150k . © C 1O ek — NLO (AFG04) O HAD
40+ - : ] i % : : ---NLO (CJK) 0 HAD
L [ ] 401 ' -1 L . i
L 100 - r | ] 401 Jet ES uncertainty .
20F 5 3 E 20F . a3 E
i Hig h-x\‘/’bs 1 ] 50; High-x\c;bs 2 3 r \ Low-x$bs 1 ] Zo:i | %- Low-x$bS 2
I N R = 1 e T I T i B e R P R R R B
%02 04 06 08 1 % 02 04 06 08 1 % ~"02 04 06 08 1 %02 04 06 08 1
Xobs Xobs Xobs Xobs
p p p p
—~ L B L L Frr T T " 1 " " T4 ~A0— T T T 11— 140 LA B B L
g- 60F 1< niet1,2 <2 _: _8- 250:_ _; <‘niet1 <0,0 << _: g- 350:_ \ 1< niet1 <2,2<n*2<3 E _8- . g 1v< r]jeu <2,2<*2<3
=~ ‘{‘ B2 5 30, 15 GeV I B 5 20, 15 GeV = EF™®? > 20, 15 Gev e 120F 'R P55, 15 Gev ]
S o 90F 3 8 220014 . S o 300F K I\ 3
X E 1 X L ] X o ] ]
D a0F 138 ¢ " ] T 250p E E
o E 1 © 150F ® ZEUS 82 pb - o E ] ]
T 3k Elke] - — NLO (AFG04) DHAD ] © 200F E ]
: i 100F o NLO(CIDHAD - 1 150F 3 ]
20F . N Jet ES uncertainty 1 E 3 E
E ] C ] 100 E 1
10F . obs = 501 . obs E F obs ]
- ngh-xy 3 ] 5 ngh-xy 4 50F Low-x, 3 7 1
"'*- P o B BRI BT TR BT RS BESE B E. . . T RPN B .
% 02 04 06 08 1 %02 04 06 08 1 % . 4 06 08 1 08 1
ngs ngs Xobs ngs

O High-a:gbs optimized cross sections: major sensitivity to proton PDFs
O Low-a:f;”S optimized cross sections: major sensitivity to photon PDFs

= useful constrains in a global determination of proton and ploton PDFs
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‘Three- and Four-jet Photoproduction'

e Benchmarks for higher-order QCD calculations

e Testing ground for models of multi-parton interactions (Ml )

e Comparison to PYTHIA and
HERWIG predictions:

(60060 :
yremnant . —without Ml
MPI Y energy .
Proton remnant flow — Wlth M I . PYTH IA
GO

HERWIG+JIMMY (tuned)

Proton

for three(four)-jet production Eg'ﬁt > 6 GeV, |p7¢t| < 2.4

in the kinematic region Q? < 1 GeV? and 0.2 < y < 0.85,

e HERWIG and PYTHIA without Ml (normalised to
M.,,; > 50 GeV data), underestimate the data at lowM,, ;
— dramatically for four-jet production
e The inclusion of multi-parton interactions providesa good
description of the data over the full range in M, ;

do/dM 3 (nb/GeV)

e Measurement of differential cross-sectionslo /d M., ;

do/dM 4 (nb/Ge

ZEUS

T T T T T T T T T ]

Three-jets 7
4. (a) 4
e ZEUS 121 pb E

—— HERWIG+MPI ( x1.7) ]
HERWIG (x1.7) ]
PYTHIA+MPI ( x3.1) _|
PYTHIA ( x3.8) E
1 HERWIG (x1.7) - direct ]

105; THREE"J ET """ s

E 1 | 1 L 1 1 | 1 1 L L E

50 100 150

M, (GeV)

T |. T T T T T T T T T T ]

10—1 L Four-jets =

2 e ZEUS 121 ph (b) E

. —— HERWIG+MPI ( x2.1) 7

1020 HERWIG (x3.1) _

S PYTHIA+MPI ( x5.3) 3

.~ S PYTHIA (x9.2) ]

- HERWIG (x2.1) - direct

10%4] E
t

4 3

10%, JI;\—\j g :

10° i T

10¢, FOUR-JET

c L | L i/ A 777

50 100 150

M 4 (GeV)
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Three- and Four-jet Photoproduction' ZEUS
LOW MASS HIGH MASS

T T

e Measurement of differential cross & 4 e @asooe B 2 mredias as0cen ]
sectiondo /dxz2P* for three(four)-jet ¥ [ —fudlincan 41 | S l :
. ] a . 8 3; -------- PYTHIA+MPI ( x3.1) 17 8 15 PYTHIA+MPI (X3.1) 1" .
production in two regions of M, ;: 0 HERWIG (417) - direct {1 [ ) HERWIG (L) - diect
— low mass:25 < M,,; < 50 GeV ZR SN - e L :
— high mass: M,,; > 50 GeV . ™ THREE-L “
: | 0.5
obs __ 3(4) get nJeti [ ]F
CB'Y _2EZ E oo | e VT ]
0 0.2 0.4 0.6 0.8 obe 0
e High mass: HERWIG and PYTHIA g
(with or without MI) describe the data€ | roues esmsocen ‘(TC)‘; 2 F Fourges <TMJJZQ91‘G¥V3‘ o ‘@:
gor  mmEme. Yolommes.,
e Low mass: HERWIG and PYTHIA cH o m::z*pﬂg"zg %9 | 3 g DY THAIDL 6.3 * ]
. . . | [:]HEMMG(Zl)mma h[:jFERWB(QJydmd N
without MI fail to describe the 0.3 FOUR- JET =i

observed enhancement at Iovmf;”s

ol 1ot ; =
. . . . . i = 01 = - H

e The inclusion of multi-parton interactions | i : : o Jf

Improves the description of the data R R VR TR N %2 04 06 08 1

obs obs
XV XY

T
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Study of multi-parton interactions using dijet photoproduction

Sy of Tl partor Tieractions using diet photoproducton |

Leading Jet
180°

Jet#2

e Study of multi-parton interactions in photoproduction by
measuring the charged-particle multiplicity in dijet events
Pl > 5GeVand—1.5 < n/% < 1.5

e Kinematic region: Q2 < 0.01 GeV?,0.3 < y < 0.65

e Jets are reconstructed using théer-cluster algorithm
In the LAB frame: leading jet at ¢ = 180°

e Measurement of (Nchargea) iN four regions:

“Toward”, “Away”, “High-activity” and “Low-activity”
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Study of multi-parton interactions using dijet photoproduction I
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e Direct-photon: reasonably well described by PYTHIA with parton showers and no Ml
e Resolved-photon: excess observed in the data with respectPYTHIA without M
— Inclusion of multi-parton interactions describes the datawell
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Prompt-photon production in ~vp interactions

electron y Photon remnant
e Production of prompt photons in vp y Y ; Y
interactions (photoproduction, Q% =~ 0)
is sensitive to— proton and photon PDFs a ?
proton proton q

proton remnant

with lower hadronization corrections
than dijet production

(a) direct non-fragmentation (b) resolved non-fragmentation

e Benchmark for pQCD calculations: electron
— fixed-order (NLO) QCD calculations in the
collinear approachincluding direct and

resolved-photon processes, quark-to-photonproton
fragmentation and the box diagram~g — ~yg () direct fragmentation ~ (d) resolved fragmentation

— calculations based onk-factorization approach and using unintegrated PDFs;
direct and resolved-photon processes included

proton

— Calculations corrected for hadronization and multi-parton interaction effects
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‘ Measurements of inclusive prompt photon and prompt-photor—rjets'

Inclusive prompt photons in photoproduction at H1

e Measurement ofinclusive prompt photon 1o§+ HLprefiminary | T | "L preiminary
. . . . . . ST — 60
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— Improved description of the data by pQCD
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‘Summary' -
&

e Exploration of parton dynamics at low a vigorously pursuedé
— particularly relevant for LHC physics

d

Precise measurements of (multi)jet production in NC DIS 10°}

down to x ~ 10— in terms of jet rates, topologies and
correlations demonstrates the big impact of initial-state gluon

| ¢ Data

radiation: pQCD at O(«a?) reproduces successfully (almost) 104? 8822

H1

REZZZL
s corr. error

all data, albeit with significant theoretical uncertainties
—NNLO corrections needed!!

X§Ps > 0.7

e Precise measurements of (multi)jet photoproduction
provide useful information on the quark and gluon
densities in the proton and photon
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— the theory describes photoproduction data
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— but fails to reproduce DIS data (?)
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