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ePIC detector overview

Approx 10 m long cylindrical barrel
detector (additionaly extends +-45
m on either direction)

Uses cutting edge technologies to
detect the particles from Collisions
between high energy electrons and
protons (or heavy ions)

Nearly hermetic, reconstruct
scattered electron, hadronic final
states, Jets and missing
momentum over wider angular
range

Provides wide-acceptance
tracking, timing, calorimetry and
Particle-ldentification
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DIS Processes and Kinematics

£(k) +N(p,S) = (k) + X e~ +p — v, + X [for Charged Current]
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General Formalism
£(k)+ N(p,S) — £'/(k') + X

d3
Ll W i=y.vZ, 7, W
dx dy dd 2Q42'7 vy
. p,uSI/_I_S//th/ . Sq . Sq .
W, D — g; + P.D.8&s T 2,85
o 2p-q 7 (p-@* Tt pegtM?

F., g, g, g are parity-violating structure functions

Y ol — of — o —
F=8,=8,=8 =0

The cross section is built from a leptonic tensor and a hadronic tensor. The hadronic tensor contains the structure functions.
The terms g3, g4, g5 appear only when weak interactions are included, so they are parity-violating polarized structure functions.
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How to access structure functions?

p/,tSI/ T S,upl/ i S - dq

Sw ;i PuPv o L€,1y0p Paqﬁ gl 1
3 |

Fé + 2q“Sﬁgf — 4xp“Sﬁg5

. S-q .
pP,D,8s 2,,8:
2p-q | my | 2p-q R p g

(p - q)*

F,, F,, F; : unpolarized structure functions
21,8 &3 84, &5 . Polarized spin structure functions

The longitudinal spin-difference cross section contains gé.

167myEa? xXym . xX“ym xXym
Aoy = —N Zr]l l{—/lxy(2—y ! N)g{+2/1 Y Ng5+x[y2+(1—y)<2 ’ N)]

E E
Charged Current W™

For the charged-current DIS, the spin dependent cross-sections contain both gl * and
g5 . The y-dependent coefficients allow sensitivity to gs.
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What parity-violating structure functions tell us?

* g5 helps to separate spin carried by quarks from spin carried by antiquarks.
85 X Ag — Ag

* g5 contains same helicity informations as g5 for quark and antiquarks because g; ~ 2xgs

» At Leading order Quark Parton Modéel, gj = ()
g = Au+ Ac+ Ad+ As

W™ - o —_ —
55 = Au+ Ac — Ad — AS Ordinary polarized DIS mostly give information

g =2x(Au+ Ac — Ad — AS) ppout Ag + Ag
g, = While parity-violating charged current DIS gives

2xgs = g3W_ Access to Ag — Ag
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Why EIC is good place to study these functions?

Weak Effects become visible at high Q? At low Q° photon exchange dominates while
Q2
" o 02 + M3 At high Q*, weak propagator factor increase
2
W Q° Which allows access to parity-violating structure
X QZ + M2 ,
%4

functions

High Q?, Polarized Beams, High Luminosity and broad DIS kinematic coverage

Small weak asymmetry becomes measurable
EIC has broad x,Q7, y coverage

Charge current DIS give direct access to g5 structure function



Where does the parity-violation enter?

The parity violation comes from the axial-vector weak current, the y5 term.

The photon exchange is parity conserving, so g5, 94, 95 vanish for pure

electromagnetic DIS. When Z or W exchange contributes, these parity-
violating spin structure functions appear, and g5 becomes sensitive to

Ag — Ag.
J/Z ~ 47,9 Jf’W ~ Qyﬂ(gv — g.¥5)q ,¥s #0 = Parity Violation ,

Fi=g=g,=8=0,83 & g&sare Parity viloating structure functions,
and also gj = 0.

gé = 2xg§, L =v,vL, L, W



DJANGOH what is 1t?

e DIS event egnerator for lepton-nucleon scattering

« Can simulate both neutral currents and Charge current DIS
processes

 Allows to extract truth level DIS quantities like x,.,., ., Qg,ueand Virue

* Allows to form spin asymmetries

* Allows to access truth-level charged current structure functions g1
and g5 which then allow to extract g3

 Thus it facilitates to compare reconstructed EIC pseudo-data can
recover these structure functions at truth level.

BURNGOH - < * - X~ Af~ G G- 2x GEC
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DJANGOH Charged Current &3 Study

GSC
Channel:e” +p - v, + X
Reconstruction: Jacquet-Blondel Method

Beam Energies, E, = 18.0 GeV and E =275.0 GeV

DIS cuts: Q75>4.0 GeV*, W7,>10.0 GeV* and 0.05<Y ,3<0.95

Cross-Sections: o, ,=958.625 pb, and Gp_=25.091 pb
G3 and G5 correlated as G3=2xG5

Extract A~ and propagate to G5 and G3
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Procedure

| o Choose reaction channel
| e~ + p — ve + X (Charged Current DIS)
oo v
e Generate p* and p~ events with DJANGOH
j v
| 9 Record total cross sections from DJANGOH
\\ Op+ = 58.625 pb, 0, = 25.091 pb
. _ e — v
o Convert events to HepMC
» R T =
6 Apply EIC afterburner (beam effects)
n .
\ 0 Run detector simulation
& : ¥
[ .
| o Run ElICrecon (reconstruction)
s 2

6 Reconstruct CC kinematics using Jacquet-Blondel method
X1p, Vg, Qfp, Wjp

v

Q Apply DIS cuts
Qfs > 4 GeV?, Wiz > 10 GeV?, 0.05 < yjp < 0.95, 107* < x;p < 1

. — -

@ Fill cross-section-normalized p* and p  vyields in each bin
()'p+ : np
wh = — = o =nf w' wo = = 0, =n; w-
N N
gen Nge
(n7 = eventsinb N_.,. = total generated ts for p mple)
= o ¥ B A

m Compute raw asymmetry Aﬁa(w and longitudinal asymmetry A,(;'("
0; — 0 5 e 1 :
g ALC (D) = 55 Araw ()
(P, P, = beam and proton polarizations)

AgSy, (D) =

\ 2

| @ Project statistical uncertainties to EIC luminosity
(Next step: use EIC integrated luminosity L)

h 4

@ Extract GE¢ using A and G}°©
_ 24" D-Y" Gi°

6¢° +
‘ Y

(D = denominator, from truth or theory)

£ . Z— -
@ Compute (;§ € =2« Gg ¢ and compare with DJANGOH truth

Impact Study

Why EIC afterburner?
DJANGOH gives ideal generator level events

The EIC afterburner

DIS event selection . o
applies realistic beam effects

Q2 JB > 4 GeV2

before detector simulation.
W2 JB > 10 GeV?

0.05 <y JB < 0.95 1) Beam Crossing angle

)
10 < x JB < 1 2) Beam energy/momentum spread
3) Vertex smearing

)

4) Beam Divergence

5) Boost to the real lab frame

Since the charged-current final state contains an undetected neutrino,

these cuts are applied on the hadronic/Jacquet-Blondel reconstructed variables,
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CC,gen

Asymmetries at the generator/truth level
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CC,reco
raw

ACL.reco gt the detector level
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Gg C at the truth level

DJANGOH truth-level G5°=2xG:° vs Q°
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Detector level charged current spin-asymmetry map
CC CC CC CC
Detector-level A°® map Aaw 2 A = G5 = Gy

First 2D pseudo-data view for impact study GCC 2)6 G cC
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Summary

Generated Polarized charged current DIS sample with DUANGOH

Reconstructed DIS kinematics using Jacquet-Blondel handronic
method

Formed detector level asymmetries for p+ and p- samples
Need to understand hadnronic final state reconstruction methods

Need to start looking pseudo-data from simulation campaigns for
further study
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