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E Dijet Production at HERA @

Photoproduction Deep Inelastic Scattering
E-2>>Q?~0 Low Q2 Q2 >> mp2
E-2>Q2>0

|

¥'(Q?)

Direct E— -

XYY ¥ Yy
proton NYYYY
remnant
P
- em moon X, Fraction of ymomentum involved in collision
emmant. . x, < 0.75: Resolved contribution enhanced

X, Fraction of P momentum involved in hard

interaction
> ETe‘” : Fraction of y momentum involved

. OBS _ jets in the production of dijet system
4 2VE, (Experimental estimation of x, )

proton
remnant

Studies of Dijets Production in ep Interactions at HERA, L.Li (U. Wisconsin) EPS2003 Aachen, July 18, 2003



Why Dijet @

v At HERA, partons of the proton probe directly the
quark and gluon density of the photon

A test of both proton PDFs and photon PDFs

* Resolution scale of the probe is directly related to the
transverse energy of the jets

v’ As photon's virtuality increases, it will begin to lack
the time to develop a complex hadronic structure

 Dijet events very sensitive to (virtual) photon
structures and used to explore low Q? transition region

v Provide an ideal laboratory for Multijet study

- Ratio of Trijet/Dijet cross section directly proportional
to O(o,)
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Dijet Cross Sections in

Photoproduction — H1 Collaboration <
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Dijet Cross Sections in
Photoproduction — H1 Collaboration

X, distribution in X, bins
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NLO QCD predictions
agree well with data in a
wide kinematics range,
even at highest x,,
(higher scale)

=) Power of both proton
and photon PDFs

Photon PDF used (GRV)
from different process
(e*e’) and mostly at
lower scales

= Universal PDFs
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E Dijet Cross Sections in
- Photoproduction — H1 Collaboration
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NLO scale uncertainties dominate! (vary 0.5 <y; . /E;<2)

NLO predictions shows agreement with data within uncertainties
— Useful to future constrain the existing photon PDFs
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Dijet Cross Sections at low Q?2
H1 Collaboration
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CASCADE MC based on CCFM
evolution: K; unordered gluon
emission and no concept of
photon structure
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EUS Dijet Cross Sections at low Q2 @
L H1 Collaboration = )
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E Dijet Cross Sections at low Q?
= H1 Collaboration
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The Q? dependence of dijet
production — Zeus Collaboration

ZEUS
Né 103 o ZEUS (prel.) 96-97 (38.6 pb™) - DiFGCt or RGSOIVed: NLO
g ‘" K075 v K075 DISASATER NLO calculation contains
Ng N L] Jet energy scale uncertainty no hadronic photon structure

1024

Renormalization scale

Wr?=Q?+E;%: DISASTER NLO tends
to lie below the data

10

For xyOBS > 0.75 data is well described,
discrepancy mainly with x °8% < 0.75

10
— DISASTER CTEQ5M1 (u; = Q2+Ei)

------- x°°°>0.75 -es x°P%<0.75

" 3
.
\
.
s
\
Y Y \
s
“
v
\
s
.
\
\

107 1 10 10° 10°

Q° (GeV?)

10

Studies of Dijets Production in ep Interactions at HERA, L.Li (U. Wisconsin) EPS2003 Aachen, July 18, 2003



d’c/ dQ? olEJ'Tetl (pb/GeV?)

=
o

=
o

=
o

=
o

=
o

[y

(=Y

w

N

N

ZE

@ ZEUS (prel.) 96-97 (38.6 pb™)
[
]

a) 0.1<Q? <0.55 GeV?

The Q2 dependence of dijet
production — Zeus Collaboration

US

10

-

10

M 1 M M i' §

o[ ---

DISASTER CTEQ5M1 (pi = Q2+Ei)

—  DISASTER CTEQ5M1 (“i: Q9

10

Jet energy scale uncertainty
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Two hard QCD scales,
Ur2=Q2+E;? and u;2=Q?
Ur2=Q? raises DISASTER
NLO prediction

I Increasing Q?: two scales
! give similar results
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The Q% dependence of dijet
production — Zeus Collaboration
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Data falls with Q2, E;2: resolved
effects suppressed as photon
virtuality increases

DISASTER NLO describes data
except for low E;? and Q?

— compatible with the idea that
resolved photon contribution
needed for scale as high as

Q? ~ 10 GeV?
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Dijet Electroproduction at Small Jet |
Separation - H1/ Collaboration '

NLO QCD calculations accurately
describe dijet production in DIS?

Modified Durham algorithm:
ky, =2min{E;,E }(1-cos0,)

Oij x i, j: any of the two final dijet or remnant jet
>} M: invariant mass of all objects of jet algorithm
[ ] 2
min K
Y, = LIA7) Large jet distances correspond to largey,

M2
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Dijet Electroproduction at Small Jet
Separation - H1/ Collaboration
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EUS Dijet Electroproduction at Small Jet
E Separation - H1/ Collaboration
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Multijet Production in DIS
Zeus Collaboration

e Add a gluon radiation to dijet or
split a gluon to gg

— Direct test of QCD

¢ In the ratio ;. /O ;e = O(Q),

trijet
cancellation of some experimental

and theoretical uncertainties.

e Measure o, at a wide range of Q?
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Multijet Production in DIS
Zeus Collaboration

ZEUS ZEUS
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Eig.eit > 5 GeV, -1<n,.,<2.5 Cross section ratio describes data with
invariant mass M ,>25 GeV  substantially decreased uncertainties
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Multijet Production in DIS
Zeus Collaboration :

ZEUS Dijet ZEUS Trijet
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Jets ordered in E; g, ; NLO describes data well
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v' At HERA, precise measurements spanning a large
of photon virtualities, including the transition
region from photoproduction to the deep inelastic
scattering, significantly constrain the parton
densities in photon structure

v' At high E; theoretical uncertainties are small while

at low Q2 and low xytheoretical uncertainties

dominate, theoretical developments needed
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