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Outline
§ Introduction 
§ Photon structure at EIC from detector aspects

§ Detector requirements on how to separate direct and 
resolved process

§ Select Jets from photon side
§ Flavor tagging in photon side jet

§ Summary
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“Resolved process”
• Hadronic photon (with 

structure)
• is smaller than 1
• Di-jet production

Di-jet in resolved/direct process

“Direct process”  
• Point-like photon (no 

substructure)
• is equal to 1
• Di-jet production
xγ xγ

PGF: Di-jet produced Similar with pp collision

§ Separate di-jet produced in resolved and 
direct processes, to get clear resolved 
process,     <0.6 

§ Reconstruct      by using di-jet as observables:
§ Two jets with highest 
§ Parton densities in the photon can be 

extracted by measuring di-jet cross 
section

pT

xγ xγ
rec = 1

2Eey
(pT1e

−η1 + pT 2e
−η2 )

d 2σ
dxγ dpT

= γ flux ⊗ PDFγ (xγ ,Q
2 ,µ )⊗ PDFp (xp ,µ )⊗ dσ ij (θ

∗ ,Q2 ,µ )

3
γ
recx

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

co
un
ts

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

310×

Resolved Direct

xγ

]2 [GeV2)di-jet
T

(p
210

 [f
b]

)2 )
di

-je
t

T
d(

p
γre

c
(d

x
σ2 d

1

10

210

310

410

510

610

710

810

910

1010

-1Ldt = 1 fb∫
)410×=0.5-0.6 (rec

γx
)310×=0.4-0.5 (rec

γx
)210×=0.3-0.4 (rec

γx
10)×=0.2-0.3 (rec

γx
=0.1-0.2rec

γx



4

dσ
dxγ dpT

= γ flux ⊗ PDFγ (xγ ,Q
2 ,µ )⊗ PDFp (xp ,µ )⊗ dσ ij (θ

∗ ,Q2 ,µ )

From measuring the cross section, we can extract the total 
PDFs of  the photon

What if  we want to separate the contribution depending on 
different flavor partons?

Flavor tagging need to be achieved

Identify the flavor



Select jet from the photon side
In PYTHIA, beamparton, targetparton
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protons electrons

Jet from photon side

Jet from proton side

beamparton

targetparton

ηLAB < 0ηLAB > 0

§ As we have known how to separate “direct” and “resolved” process, then we measure 
jet kinematics in resolved process

§ “Path” to do parton-jet match: Geometric match
§ beamparton - one final parton - one jet of  di-jet
§ tgtparton - another final parton - another jet of  di-jet

Jet from photon side
Jet from proton side

ΔR{parton − jet} = Δφ 2 + Δy2
ΔE{parton − jet}



Di-jet Kinematics
20GeV×250GeV, 0.01<y<0.95, two highest pT jets, , pjet1

T>5 GeV, pjet1
T>pjet2

T>4.5 GeV, 
Inside the jet, stable particle pT>250MeV, |ηparticles|<4.5
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§ Resolved process dominates at forward region, the rapidity coverage needs to be -2 to 4.   
§ Trigger jet pT range is from 5 to 33 GeV.
§ Kinematics distribution of  associate jet shows the same result.

resolved
direct
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pT trig [GeV]
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Detector requirement of  measuring di-jets:

Final hadrons



Phase space

§ Photon PDF is not constraint well especially in small      region, more forward rapidity 
detection is required to access small x region.

§ At HERA: −1.125 < ηcal < 1.875 from ZEUS [DESY-95-033]. Even through, the 
energy is higher at HERA, the phase space is larger with higher energy, however EIC 
can probe extended region by detecting more forward particles and high luminosity.

§ Similar with Proton structure measurement.
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xγ
rec = 1

2Eey
(pT1e

−η1 + pT 2e
−η2 )

Advantages of  EIC with larger acceptance compared with HERA:
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Forward UE

8

xγ
rec = 1

2Eey
(pT1e

−η1 + pT 2e
−η2 )

0 5 10 15 20
 [GeV]

T
(Leading) jet p

0

0.2

0.4

0.6

fdh
/d

ch
dN

 < -1h-4 < 
2 < 10 GeV2 < Q21 GeV

Region method

Off-axis method

0 5 10 15 20
 [GeV]

T
(Leading) jet p

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7fdh
/d

ch
dN  < 1h-1 < 

0 5 10 15 20
 [GeV]

T
(Leading) jet p

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7fdh
/d

ch
dN  < 4h1 < 

0 5 10 15 200

0.1

0.2

0.3

0.4
 [G

eV
/c

]
fdh

/dñ T
 S

um
 p

á

 < -1h-4 < 

0 5 10 15 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

 [G
eV

/ra
d]

fdh
/dñ T

 S
um

 p
á

 < 1h-1 < 

0 5 10 15 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

 [G
eV

/ra
d]

fdh
/dñ T

 S
um

 p
á

 < 4h1 < 

 [GeV/c]
T

Leading jet p

Toward

Away

Transverse Transverse

Direction

Trigger Jet

φ∆

φ

0

π2

η

Trigger

Jet

Away

Transverse

Toward

Transverse

Away

We see at high rapidity, underlying events effect can not be ignored. That will also require 
precious PID in forward direction to estimate the influence of  underlying events.



Select jet from the photon side
hadrons electronsηLAB > 0 ηLAB < 0
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The photon side jet rapidity is more backward influenced by the electron beam direction. 
In the experiment, we can identify a jet with more negative rapidity to be the photon side jet, 
with the requirement of  high precious of  jet reconstruction. 
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Jet from the proton side
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Flavor tagging

Leading charged hadron inside
(Kaon, pion, proton)
Photon side jet: highest pT hadron

1. pT fraction: no cut
2. pT fraction: >0.4, ~pT of  leading hadron>2-2.4 

GeV,  -3<eta<4
3. pT fraction: >0.7, ~pT of  leading hadron>3.5-4 

GeV, -2<eta<3.5
10

pT

pTjet

parton: g/q

1.                2.          3.

fragmentation

Leading hadron

Final charged hadrons



Flavor tagging (1)
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s quark d quark u quark

sbar quark dbar quark ubar quark

K − : su π − :du π + :ud

K + :us π + :ud π − :du



Flavor tagging (2)

12

P

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

+
π

 fraction>0.3
T

p

 fraction>0.6
T

p
 fraction>0.8

T
p

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

+K

0 5 10 15 20 25 30 35 40 45

P

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

s u d d u s g

-
π

0 5 10 15 20 25 30 35 40 45
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

s u d d u s g

-
K

Precious PID is needed. Measuring high pT of  leading particle is also required.

The correlation between the beamparton flavor and the type of  the leading 
hadron inside photon side jet. 



Summary
• Di-jet produced in resolved and direct process can be well separated at EIC by 

reconstructing      , we measured di-jets with acceptance of  -4.5 to 4.5, more 
forward rapidity helps to access smaller       region in comparison with HERA 
results.

• The current simulation shows that       <0.6 is the optimized cut to select our 
target channel, that requires hadron acceptance in forward direction goes to 4.

• High resolution tracker is also required to reconstruct jets, the jets kinematics is 
directly related with accuracy of  di-jet cross section:       reconstructing,  
underlying events subtraction…

• We can provide possibility of  identifying the flavor of  the parton from the 
photon. PID with high precision is needed at EIC. 

• Measuring leading hadron momentum fraction is required, especially for high pT
(3.5 GeV) charged hadrons, they enhance the sensitivity between hadron type 
and beamparton flavor. 

xrecγ
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Back up
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How to match di-jet 
with two final partons

Geometric match:

ΔR{parton − jet} = Δφ 2 + Δη 2

ΔE{parton − jet}

beamparton

tgtparton

ü match
Two final 
partons

Di-jet
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