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Electron ion collider
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Deep Inelastic Scattering - Categories

Taken from LOI 2018

Measurement Beam Measured Final State
Inclusive DIS e+p scattered e
Semi-Inclusive DIS | e+p scattered e~

identified hadron
DVCS e+p scattered e~
photon
scattered p
e+p scattered e~
e~ + e fromJ/W decay

scattered p
Diffraction e+A scattered ¢~

rapidity gap

n from nuclear dissociation
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Overview

e Polarization effects in Sartre
e Event kinematic reconstruction

e Detector smearing



.m nm” :n [arXiv:1307.8059]

e The dipole model Monte Carlo

generator - for studies at future
facilities such as EIC and LHeC.

e Exclusive diffractive vector meson
production and DVCS in ep and eA

collisions based on the dipole model.



The Path Forward..

Significance of photon polarization

Scattered Electron method
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Polarization of the virtual photon accounts for decay angular distribution of the VM!!

Q*—0 Q>0
Photons are transversely polarized. The photons can also be longitudinally
The VM retains the photon spin state, the polarized, along the direction of motion.
angular distributions given by spherical The angular distributions become more

harmonics and Clebsch-Gordan coefficients | | complicated.




VM production ep - eVp and subsequent
decay V- X' X

Hadronic Center of Mass (CoM)

electron scattering plane
production plane

V direction in hadronic
CoM frame

Exclusive vector meson production at an electron-ion collider ,Michael Lomnitz and Spencer Klein



The ratio of the longitudinal to transverse cross-section can be written as,
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According to the SCHC approximation, this can be expressed in terms of the spin
matrix element in the following way,
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Modulation only in 6

For p and ¢ mesons which decay to spin-0 mesons,

QcosB) x 1 —rhy + (3rh; — 1) cos®(0)

For J/Psi meson which decay to spin-%2 leptons,

Qcos ) x 1+ 10 + (1 — 3rpg) cos”(0)




Method of Approach
0 =

Boosted the VM fromlab . .. .. .. .. > Generated VM decay in the
frame to hadronic COM frame VMr mmﬁ.mﬁ AL

(4 AED
VM daughters are first boosted to In the VM rest frame, the angle
the hadronic COM frame, then to between one of the VM daughters
the lab frame - calculated the angle < .. . and the VM momentum direction in
between VM and daughter after the hadronic COM frame is

applying weight calculated - provide the event weight.
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The normalized decay angular distribution
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Summary

Polarization of the virtual photon affects the decay angular
distribution of the VM

The ratio of the longitudinal to transverse cross-section has no
significant dependence on t or W but depends on Q*

The primary electron and the J/i daughter are well separated in

detector ¢ but overlap in certain 1 regimes.
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Event Kinematic Reconstruction Methods

K
Electron Method

Double Angle Method
~v

Jacquet-Blondel Method

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




ePHENIX

Outgoing
hadron

| | 1 I
¥ 100 200
GEMs  GEMs GEM GEM GEM (¢

Station1 Station2  Station3  Station4d

ZDC Roman Pots
z=12 m z>>10m

https://www.phenix.bnl.gov/phenix/WWW/talk/archive/2015/D1S15/t2374.pdf
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EIC Smear Analysis

Kinematic reconstruction studies done on Sartre events.
e-p coherent diffractive events at varying Q*
Implementing the three different event kinematic
reconstruction methods and compare with MC events.
Smearing done using EIC-sPHENIX (setting 1) including

roman pots and ZDC.
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Observations

Electron method is highly correlated with the true value -ideal at larger y while
hadronic methods at lowery.

At higher Q?, JB and DA reconstruction seem to improve significantly!

Including the outgoing proton as a part of the hadronic final state, improves the accuracy
of reconstruction using JB and DA methods to a fair amount.

In hadronic methods, while JB method gives a better reconstruction in'y,
DA method provides better Q? reconstruction in all kinematic regimes

Three methods are complementary!
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— Thanks to wikimedia!
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Backup
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Diffractive Deep Inelastic Scattering (DDIS)

e Sensitive to geometric structure of hadi

e Sensitive to saturation phenomena

e Gluon spatial distribution inside nug

e Presence of rapidity gap

x-
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Roman pats
e Silicon sensors injected into the
beam pipe tens of metres away

Beam pipe
J/ N B from the interaction point.
_Beam_ \ . .
\ e For protons with high transverse
momentum, detector closer to IP
S required.
e The tracks curve in the dipole
e field and momentum is
protans reconstructed from the radius of

curvature of the track.
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EIC Smear

Smearing is designed to allow rapid, approximate estimates of the effect of
detector acceptance and performance on physics observables.
The smearing code is "not" intended as a replacement for full detector

simulations. Rather, it is a complementary tool for roughly assessing the
impact of changes in detector performance on a physics measurement, in a

way that is much more rapid, but less detailed, than a full detector simulation.

https://wiki.bnl.gov/eic/index.php/Smearing
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Setting 0
Setting 1
Hmma:m_ 2
Setting 3
| Setting 4
Setting 5

Detector

TPC

Tracking

EENC

CENC

FEMC

HCAL

OHCAL

FHCAL

EPID

CPID (DIRCITOF)
FPIDO (RICH)
FPIDL (MRICH)
FPID2 (TOF)

SPHENIX as defined in MIE

deal case (combines Setting 2 & Setting 3)

Only extend CEMC in e-going direction

Only cut CEMC and inner HCAL corners + extend CEMC active area in h-going direction + extend RICH coverages in h-going direction

No changes to SPHENIX calorimeter

No changes to SPHENIX calorimeter, no ERICH

Setting 0 - SPHENIX
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Setting 3
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Setting 4
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Setting 5
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Scattered Electron Method

e E and 0, are measured to give the following variables:

Q.°=

Pq

e =pp

-q* =4 E_E_cos?*0_/2

=1- Ww..l =1- whmch —cosf,).

2 _
Q. =8.X_ Y,

Electron Method

Jacquet-Blondel Method
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Jacquet Blondel Method

e The following equations can be derived using the energy conservation

laws from the hadronic final state

‘. 2
2ih 2 Pt .h

! T — —

vh 2E, ©h 1 — yn
Yp = MUANU |\»u~v

Electron Method

Jacquet-Blondel Method
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Double Angle Method

Measuring the electron scattering angle 0, and the effective angle y,, of

the final hadronic system give the following equations for x, Q* and y

YDA

DA

AB? sinyg(1 + cosf.)

e beam

sinyg + sinf, — sin(6. +~vx)

sinf. (1 — cosyy)

sinyg + sinf, — sin(8. + vx)
@u
Ys

b

K
Electron Method

—v

Jacquet-Blondel Method
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GEANT4

GEM/sTGC Tracking Pb/Sc sandwich
Stations(z = 120, 165, 50- hadronic
100umin¢,1cminr) calorimeter (NEW)
g / 10 x 10 x 100 cm?
towers (1.2 <1 <4.0)

; Outer HCAL |

Central DIRC |
forPID

Forward RICH forhadron PID

e I A 20x20 array of

; — . ¢ A : 22x2.2x18 cm?
PbW (PHENIX MPC)
crystals with 10x10
square hole

(300 crystals total)
3.0-3.3<n<4.0

Flux return door
between FEMC and
FHCAL (10.2 cm)

Endcap crystal EMC PHENIX PbSc modules (5.5 x 5.5 x 33 cm?®) organized in
for scatterad e-: groups of four modules (3152 modules or 788 groups of 4)
N.m,wnﬁwmﬁ (1.4 < i} < 3.0-3.3), energy resolution 8%/ VE

Fun4All Eic-sPHENIX
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momentum resolution

1.23018
1.21661

0.995726

0.810535

S 12
e —
3 B
£ |
g 10—
Q. -
X
< —
© u
+— mll
m|
4 —
NI
Og

12

42



