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Why DijetWhy DijetWhy Dijet

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
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 Q2 transition region
Provide an ideal laboratory for Multijet study
• Ratio of Trijet/Dijet cross section directly proportional 

to O(αs)
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Dijet Cross Sections in 
Photoproduction – H1 Collaboration

Dijet Cross Sections in Dijet Cross Sections in 
Photoproduction Photoproduction –– H1 CollaborationH1 Collaboration
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Dijet Cross Sections in 
Photoproduction – H1 Collaboration

Dijet Cross Sections in Dijet Cross Sections in 
Photoproduction Photoproduction –– H1 CollaborationH1 Collaboration
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Dijet Cross Sections in 
Photoproduction – H1 Collaboration

Dijet Cross Sections in Dijet Cross Sections in 
Photoproduction Photoproduction –– H1 CollaborationH1 Collaboration
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Dijet Cross Sections at low Q2

H1 Collaboration
Dijet Cross Sections at low QDijet Cross Sections at low Q22

H1 CollaborationH1 Collaboration
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Dijet Cross Sections at low Q2

H1 Collaboration
Dijet Cross Sections at low QDijet Cross Sections at low Q22

H1 CollaborationH1 Collaboration

Ratio ET
2/Q2 governs the relevance 

of resolved photon contribution rather
than Q2 itself 

2 GeV2 < Q2 < 80 GeV2

0.1 < y < 0.85
ET

jet1,2 > 5 GeV
ET,mean (ET) > 6 GeV
-2.5 < ηjet1,2 < 0

Q2

Direct or Resolved: LO
Q2 > ET

2: Resolved process not needed
Q2 < ET

2: Direct-only process not 
enough to describe the data, resolved 
contribution needed
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Dijet Cross Sections at low Q2

H1 Collaboration
Dijet Cross Sections at low QDijet Cross Sections at low Q22

H1 CollaborationH1 Collaboration
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The Q2 dependence of dijet 
production – Zeus Collaboration

The QThe Q22 dependence of dijet dependence of dijet 
production production –– Zeus CollaborationZeus Collaboration

For xγ
OBS > 0.75 data is well described, 

discrepancy mainly with xγ
OBS < 0.75

Renormalization scale
µR

2=Q2+ET
2: DISASTER NLO tends 

to lie below the data
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The Q2 dependence of dijet 
production – Zeus Collaboration

The QThe Q2 2 dependence of dijet dependence of dijet 
production production –– Zeus CollaborationZeus Collaboration
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The Q2 dependence of dijet 
production – Zeus Collaboration

The QThe Q22 dependence of dijet dependence of dijet 
production production –– Zeus CollaborationZeus Collaboration
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Dijet Electroproduction at Small Jet 
Separation - H1 Collaboration

Dijet Electroproduction at Small Jet Dijet Electroproduction at Small Jet 
Separation Separation -- H1 CollaborationH1 Collaboration
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Dijet Electroproduction at Small Jet 
Separation - H1 Collaboration

Dijet Electroproduction at Small Jet Dijet Electroproduction at Small Jet 
Separation Separation -- H1 CollaborationH1 Collaboration
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Dijet Electroproduction at Small Jet 
Separation - H1 Collaboration

Dijet Electroproduction at Small Jet Dijet Electroproduction at Small Jet 
Separation Separation -- H1 CollaborationH1 Collaboration
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Two choices of renormalization
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Small difference in NLO predictions 

Take y2 > 0.001 sample:
1/3 of the selected DIS events

NLO describes ET Breit distribution 
well, including region ET Breit < 5 GeV
RAPGAP also describes data well
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Multijet Production in DIS 
Zeus Collaboration

Multijet Production in DIS Multijet Production in DIS 
Zeus CollaborationZeus Collaboration

cancellation of some experimental
and theoretical uncertainties.

• In the ratio σtrijet/σdijet = O(αs),

• Measure αs at a wide range of Q2

• Add a gluon radiation to dijet or                   
split a gluon to  

→ Direct test of QCD
qq
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Multijet Production in DIS 
Zeus Collaboration

Multijet Production in DIS Multijet Production in DIS 
Zeus CollaborationZeus Collaboration
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Multijet Production in DIS 
Zeus Collaboration

Multijet Production in DIS Multijet Production in DIS 
Zeus CollaborationZeus Collaboration

ZEUS

10
-2

10
-1

1

10

10 2

d
σ 

/ d
E

T
B

R
T
 (

p
b

/G
eV

)

( X 10-1 )

ZEUS (prel.) 98-00 Dijets Leading ET Jet Second ET Jet

Energy Scale Uncertainty

M2jet  >  25 GeV

NLO (1 + δhadr) : O(αs
2)

0.5 < (µr / E
–

T) < 2

a)

0.5

0.75

1

1.25

1.5 Dijets Leading ET Jet / NLO : O(αs
2) b)

d
at

a 
/ t

h
eo

ry

0.5

0.75

1

1.25

1.5

0 10 20 30 40 50 60

Dijets Second ET Jet / NLO : O(αs
2) c)

d
at

a 
/ t

h
eo

ry

ET
BRT (GeV)

ZEUS

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10 2
10 3

d
σ 

/ d
E

T
B

R
T
 (

p
b

/G
eV

)

( X 10-2 )

( X 10-3 )

ZEUS (prel.) 98-00 Trijets Leading ET Jet Second ET Jet

Third ET Jet Energy Scale Uncertainty

M3jet  >  25 GeV

NLO (1 + δhadr) : O(αs
3)

0.5 < (µr / E
–

T) < 2

a)

0.5

1

1.5 Trijets Leading ET Jet / NLO : O(αs
3) b)

d
at

a 
/ t

h
eo

ry

0.5

1

1.5 Trijets Second ET Jet / NLO : O(αs
3) c)

d
at

a 
/ t

h
eo

ry

0.5

1

1.5

0 10 20 30 40 50 60

Trijets Third ET Jet / NLO : O(αs
3) d)

d
at

a 
/ t

h
eo

ry

ET
BRT (GeV)

NLO describes data wellJets ordered in ET Breit

Dijet Trijet



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

Summary and OutlookSummary and OutlookSummary and Outlook

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

At high ET theoretical uncertainties are small while 
at low Q2 and low xγ theoretical uncertainties 
dominate, theoretical developments needed


