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 ●
U

pcom
ing m

achine to unveil the secrets of the strong force in nature

2

Electron ion collider 

●
Probe the structure of the nucleus via D

eep Inelastic Scattering 

●
C

T Scanner of the atom
ic nucleus

●
W

ould consist of tw
o intersecting accelerators- electrons and 

protons/heavy nuclei, w
hich are steered into head-on collisions 

C
oM

 E
nergy

s = (k + P) 2 ≃ 4 E
e E

p

V
irtuality    

Q
2 = -q

2

Inelasticity         y = 1 - E
e ’/E

e

M
andelstam

         t = (P - P’) 2 

Invariant m
ass

W
2 = (P + q) 2 ≃ s + t 

+ u 

B
jorken scaling

x = Q
2 / 2P

p .q
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D
eep Inelastic S

cattering - C
ategoriesExclusive D

IS

Taken from
 LO

I 2018



Overview

●
Polarization eff

ects in Sartre 

●
Event kinem

atic reconstruction 

●
D

etector sm
earing 

4



 [arX
iv:1307.8059]

●
T

he dipole m
odel M

onte C
arlo 

generator  - for studies at future 
facilities such as EIC

 and LH
eC

.

●
Exclusive diff

ractive vector m
eson 

production and D
V

C
S in ep and eA

 
collisions based on the dipole m

odel.
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                         The Path Forward..
Signifi

cance of photon polarization ?  
D

oes Sartre know
?

                                                  e
+

                 
                  

               
               J/𝜓

   

                                                  

                                             e
-

e
- prim

ary 

electron

Scattered Electron m
ethod 

?



Polarization of the virtual photon accounts for  decay angular distribution of the V
M

!!7

Photons are transversely polarized.                                                                                 

T
he V

M
 retains the photon spin state, the 

angular distributions given by spherical 

harm
onics and C

lebsch-G
ordan coeffi

cients

T
he photons can also be longitudinally 

polarized, along the direction of m
otion. 

T
he angular distributions becom

e m
ore 

com
plicated. 

Q
2 →

0
Q

2 > 0



V
M

 production ep →
 eVp and subsequent 

decay V
→

 X
+ X

-

8
Exclusive vector m

eson production at an electron-ion collider ,M
ichael Lom

nitz and Spencer Klein



T
he ratio of the longitudinal to transverse cross-section can be w

ritten as,
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A
ccording to the SC

H
C

 approxim
ation, this can be expressed in term

s of the spin 
m

atrix elem
ent in the follow

ing w
ay, 

Sartre



For ⍴ and ɸ m
esons w

hich decay to spin-0 m
esons, 

For J/Psi m
eson w

hich decay to spin-½
 leptons,
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M
odulation only in 𝜃 



Method of Approach
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Boosted the V
M

 from
 lab 

fram
e to hadronic C

O
M

 fram
e

G
enerated  V

M
 decay in the 

V
M

 rest fram
e

In the V
M

 rest fram
e, the angle 

betw
een one of the V

M
 daughters 

and the V
M

 m
om

entum
 direction in 

the hadronic C
O

M
 fram

e is 
calculated - provide the event w

eight.

V
M

 daughters are first boosted to 
the hadronic C

O
M

 fram
e, then to 

the lab fram
e - calculated the angle 

betw
een  V

M
 and daughter after 

applying w
eight

1
23

4



The norm
alized decay angular distribution
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Sum
m

ary

1.
P

olarization of the virtual photon aff
ects the decay angular 

distribution of the V
M

 

2.
T

he ratio of the longitudinal to transverse cross-section has no 

signifi
cant dependence on t or W

 but depends on Q
2 

3.
T

he prim
ary electron and the J/𝜓

 daughter are w
ell separated in 

detector φ but overlap in certain η regim
es. 
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E
e cosɸcos𝜃, E

e sinɸsin𝜃, E
e cos𝜃, 

E
e

0, 0, -E
e , E

e
k =

k
’ =

P =
0, 0, E

p , E
p

P
’ =

𝛴
h p

x h, 𝛴
h p

y h, 𝛴
h p

z h, 𝛴
h E

h

W
here          denotes the sum

 over the hadronic final state in the detector

Event Kinem
atic Reconstruction M

ethods

●
Scattered electron Method

●
Jacquet Blondel Method

●
Double angle Method D

ouble A
ngle M

ethod

https://arxiv.org/pdf/hep-ex/9903037.pdf



Percentage error in the reconstructed values
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percentage error =  (calculated value - true value)/true value * 100
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percentage error =  (calculated value - true value)/true value * 100
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percentage error =  (calculated value - true value)/true value * 100
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   Q
2_El                                                           Q

2_JB                                                        Q
2_D

A



D
etector C

oncepts 
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https://w

w
w

.phenix.bnl.gov/phenix/W
W

W
/talk/archive/2015/D

IS15/t2374.pdf



eP
H
E
N
IX
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https://w

w
w

.phenix.bnl.gov/phenix/W
W

W
/talk/archive/2015/D

IS15/t2374.pdf
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https://w

w
w

.phenix.bnl.gov/phenix/W
W

W
/talk/archive/2015/D

IS
15/t2374.pdf



EIC Sm
ear Analysis

1.
K

inem
atic reconstruction studies done on Sartre events.

2.
e-p coherent diff

ractive events at varying Q
2

3.
Im

plem
enting the three diff

erent event kinem
atic 

reconstruction m
ethods and com

pare w
ith M

C
 events. 

4.
Sm

earing done using EIC
-sPH

EN
IX

 (setting 1) including 

rom
an pots and ZD

C
.
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R
om

an pots kept 40m
 aw

ay from
 IP

 w
ith low

 position resolution

x
        Q

2
       y
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R
om

an pots kept 40m
 aw

ay from
 IP

 w
ith high position resolution 

x
        Q

2
       y
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x
        Q

2
       y

R
om

an pots kept 30m
 aw

ay from
 IP

 w
ith high position resolution 
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1.
E

lectron m
ethod is highly correlated w

ith the true value -ideal at larger y w
hile 

hadronic m
ethods at low

er y.

2.
A

t higher Q
2 , JB

 and D
A

 reconstruction seem
 to im

prove signifi
cantly! 

3.
Including the outgoing proton as a part of the hadronic fi

nal state, im
proves the accuracy 

of reconstruction using JB
 and D

A
 m

ethods to a fair am
ount.

4.
In hadronic m

ethods, w
hile JB

 m
ethod gives a better reconstruction in y,

 D
A

 m
ethod provides better Q

2 reconstruction in all kinem
atic regim

es
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Observations

T
hree m

ethods are com
plem

entary! 
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Thank You!
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Thanks to wikim
edia!



B
ackup
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Diffractive Deep Inelastic Scattering (DDIS)

●
Sensitive to geom

etric structure of hadrons

●
Sensitive to saturation phenom

ena

●
G

luon spatial distribution inside nuclei

●
Presence of rapidity gap



Rom
an pot

s
●

Silicon sensors injected into the 
beam

 pipe tens of m
etres aw

ay 
from

 the interaction point.
●

For protons w
ith high transverse 

m
om

entum
, detector closer to IP 

required. 
●

T
he tracks curve in the dipole 

fi
eld and m

om
entum

 is 
reconstructed from

 the radius of 
curvature of the track.
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EIC
 Sm

ear

●
Sm

earing is designed to allow
 rapid, approxim

ate estim
ates of the eff

ect of 
detector acceptance and perform

ance on physics observables.
●

T
he sm

earing code is "not" intended as a replacem
ent for full detector 

sim
ulations. R

ather, it is a com
plem

entary tool for roughly assessing the 
im

pact of changes in detector perform
ance on a physics m

easurem
ent, in a 

w
ay that is m

uch m
ore rapid, but less detailed, than a full detector sim

ulation.

https://w
iki.bnl.gov/eic/index.php/Sm

earing
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Scattered Electron M
ethod

●
E

e ’ and θ
e  are m

easured to give the follow
ing variables:

 

     Q
e 2 = -q

2  = 4 E
e E

e ’cos
2 θ

e /2

Q
e 2 = s. x

e  .y
e
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Jacquet Blondel M
ethod

●
The follow

ing equations can be derived using the energy conservation 
law

s from
 the hadronic final state
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Double Angle M
ethod

●
M

easuring the electron scattering angle 𝜃
e  and the effective angle 𝜸

H
 of 

the final hadronic system
 give the follow

ing equations for x, Q
2 and y
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G
EA

N
T4

Fun4A
ll Eic-sPH

EN
IX
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G
E

A
N

T4 E
M

C
A

L efficiency : cluster energy V
s eta for reconstructed electrons (P

article G
un)
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