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Two caveats

It's difficult to evaluate systematics for
an experiment 10 years in the future.

Current simulations/reconstruction
results subject to improvement!



eP|IC designed to be hermetic, multi-purpose detector
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Reconstruction of both scattered electron and hadronic final state
critical to EIC physics program
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Motivation:
some EIC observables and related systematics

e Parity-violating asymmetries Apy, e [, from reduced cross sections
o A7 from double-spin asymmetries e Fit y dependence for fixed (XB, Q2>
® | imited by electron purity ® Must combine multiple beam energies

e (07 dependence critical! ® 7 contamination depends strongly on y



Overview

e Electron energy resolutions

e Calibration of electromagnetic calorimeters
e Kinematic reconstruction

e Electron identification and purity

e Luminosity & polarization



Electron momentum resolutions
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Electron momentum resolutions
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Electron momentum resolutions across #
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Kinematic peak method for ECAL calibration

(q\ | | | | L II| | | | | I 1 11
=
O 4 |
¢ "YE ep 18x275 GeV
N —
O —
10° E_ g{)x¢
— &9:"
5 PR
10° =
10 —— ’¢¢’
— xx’ A\
- R QD
e o go'd
) D
1 I| | | | |¢'I [ I| | | | | L1 1 I|
1074 107° 1072 107




Kinematic peak method for ECAL calibration
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Kinematic peak method for ECAL calibration
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Kinematic peak method for ECAL calibration
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Traditional reconstruction methods use subset of
lepton, hadron quantities
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Traditional reconstruction methods use subset of
lepton, hadron quantities
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Traditional reconstruction methods use subset of
lepton, hadron quantities

e Neutral-current analyses can leverage

g over-constrained kinematics to

Lepton

optimize resolution
e Hadronic final state:

e Only option for charged-current
analyses

e PID needed to determine mass

e Electron ID needed to eliminate
scattered electron (and veto NC)

11



Kinematic resolutions
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Kinematic resolutions
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Kinematic resolutions
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Kinematic resolutions z
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Acceptance and bin migration (electron track)

Q? (GeV?)
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Bin stability and purity (electron track)

Q? (GeV?)
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Bin stability and purity (electron track)
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Bin stability and purity (electron cluster)
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Bin stability and purity (electron cluster)
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More advanced reconstruction methods

o Kinematic fitting: reconstruct 4 = {xp, y, E} from D = {E],0,,5,,pr;} using likelihood
function (Stephen Maple, et al.)
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o Kinematic fitting: reconstruct 4 = {xp, y, E,} from D = {E/,

function (Stephen Maple, et al.)

® Machine learning: use simulation to train neural network
(M. Diefenthaler, A. Farhat, A. Verbytskyi and Y. Xu)
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More advanced reconstruction methods

e Kinematic fitting: reconstruct A = {x3, y, E} from D = {E],0,,5,,pr;} using likelihood
function (Stephen Maple, et al.)

® Machine learning: use simulation to train neural network
(M. Diefenthaler, A. Farhat, A. Verbytskyi and Y. Xu)

® Particle-flow: optimize combination of all detector information (Derek Anderson, et al.)

*Images by Gemini (the Al chatbot formerly known as Bard)
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Impact of pion contamination on observables

e Pions passing all electron ID cuts give contamination f_,,

e Contamination can be corrected or treated as dilution

Cross sections
(correct contamination):

A (Gr,NC)
57-NC — Afﬂ/e

~ 0.1 an./e
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Impact of pion contamination on observables

e Pions passing all electron ID cuts give contamination f_,,

e Contamination can be corrected or treated as dilution

Cross sections Asymmetries

(correct contamination): (treat as dilution factor):

A (o9 N e
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Impact of pion contamination on observables

e Pions passing all electron ID cuts give contamination f_,,

e Contamination can be corrected or treated as dilution

Cross sections Asymmetries
(correct contamination): (treat as dilution factor):
A (GF’NC) o AT 7\ 2

_ Ae . o) ‘ ‘ + AA

( GI’,NC T Afﬂ/e (Ae) _ — (Asz'/e) + (f][/e Ae )

- /A
~ 0.1 an./e ~ 0.1 Xfyz/e —1 ><fﬂ/e
Large A€, f \ Small A€,

nonzero|A”*| < A€ |A"| ~ 0O



Electron to pion ratios
e~ DIS

7~ DIS + PHP

p (GeV)

e Signal e from DJANGOH DIS
e Background 7z~ from DJANGOH

DIS, Pythia6 photoproduction (Q? < 2 GeV?)
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Electron to pion ratios
e~ DIS 7~ DIS + PHP
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e Signal e from DJANGOH DIS
e Background 7~ from DJANGOH DIS, Pythiab photoproduction (Q° < 2 GeV?2)
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Plon suppression cuts

140- electrons
E/p > 00850 pions

e eff. = 96.82%
nmrej. = 99.40%

Normalized Counts
— —
N (@) (@) o N
o o ) D )

ND
o

. -
Oo.'oo 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Edep/p

Detector:

e Electrons deposit most/all energy in ECAL
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Plon suppression cuts

140- electrons
E/,O > (0.0850 | | pions

e eff. = 96.82%
nmrej. = 99.40%

—
N)
o

-
-
o

oo
o

60+

Normalized Counts

40-

20+

0.00 002 004 006 008 010 012 0.14
Edep/p
Detector:

e Electrons deposit most/all energy in ECAL

“Fep 18x275 GeV

600

400

200

OO 5 10 15 20 25 30 35 40 45 50

E-p, (GeV)

Kinematic:

o If electron lost down beampipe, X,(E — p,) < 2E,
e Significant reduction in required E/p suppression

20



Required suppression for 90% purity

-2.0<n<-1.0

-3.5<n<-2.0

10 GeV e on 100 GeV p
For 90% electron purity

®
No tot. E-p_ cut

Tot. Inl<3.5 (E-p,) > 10 GeV

n- Rejection required

_10-1 1 10
Momentum [GeV/c]

-1.0<n<0.0

n- Rejection required

Momentum [GeV/c]

n~ Rejection required

—
<
N

—_
o

—
<
N

107" 1 10
Momentum [GeV/c]

0.0<n<1.0

10~

- Rejection required

—
<
N

107" 1 10
Momentum [GeV/c]

e E — p_ cut reduces required

suppression by up to 20x

e Electron ID depends on how
well ePIC reconstructs
hadronic final state

e Barrel critical region due to
large raw 77 /e ratio
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n—/e ratio

n—/e ratio

//

10°

104 4

102 4

100-

10—2-

104

107

105d

103-

101-

10744

1073

-12<n<-0.8

-0.8<n<-0.2

Pion contamination in the barrel

-0.2<n<+0.2

Raw Contamination

+EMCal suppressmn
+Total E — p, cut
+DIRC suppression

Y

NG

L
L

/J.K/ll

../

10x100 GeV

100
Momentum [GeV]

+0.2<n<+0.8

100
Momentum [GeV]

10!

| //

10° 101
Momentum [GeV]

+0.8<n<+1.2

Raw Contamination

+EMCal suppression
+Total E— p; cut
+DIRC suppression

10x100 GeV

Momentum [GeV]

100

101
Momentum [GeV]

e DIRC assists at low
momentum

e Further EMCal suppression

possible from shower shape
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Luminosity determination from bremsstrahlung

10°

mb/GeV)

N

_10°

E

do/d

10*

10°

107

10

1 I 11 11 L I 11 11 L I 11 11 IE
E_ __________________________________________________________ \‘_E
- 5 5 5 —ée-Au, 18 X 1120 GeVé 7
. o — R N O
- f f f . —ep,18x275GeV | -
] ep,10.x 100 GeV -

e Gy
T T [ yopy... |yp.] |, N R I RA I o |y TS

2 4 6 8 10 12 14 16 18

do ,E (E E 2 4E,EE, 1
— = 2ar; — + In
dE, EE \E, E, 3 m,m,E, 2

P

e Large cross section driven by QED
e Significant increase in cross section with Z

e Luminosity determined by photon counting
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Luminosity detectors for the EIC

SPEC filters  PCAL

window dipole
; ______ ‘7 ______________________________________

AERO

et

e Two methods to detect bremsstrahlung photons:

e Unconverted photons detected in preshower calorimeter

e Converted e'e™ pairs detected in spectrometer
e EIC goal is 1% precision:
e Naive assumption is that uncertainty is correlated between beam configurations

e However, relative performance of each method could depend on hadron type,
beam energy
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Polarization measurements at the EIC

e Hadron polarimetry: At RHIC, has achieved high precision (6P/P),,; = 0.6%,
e Hydrogen jet but is time consuming (6P/P),,,. = 3.6% for 8 hours
® p-carbon

Compton polarimetry performance

o .
Lowr-energy polarimeter

e Electron polarimetry: CERN LEP* 46 GeV 5% ¥transverse
o Maller HERALPOL 27 GeV 1.6%
HERATPOL* 27 GeV 1.9-3.5%
® Com pton (tra SVETSE SLD at SLAC 45.6 GeV 0.5%
and longitudinal) JLAB HallA  1-6 GeV 1-3%
e Mott JLlabHallC 1.1 GeV 0.6%

Goal for EIC is 6P/P = 1% for both hadron and electron
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Theory systematics
experiment
 N-B

o(rp,Q°) = A C-(1+A4A)

theory

e Bin-centering C
e Radiative corrections A

e Recent efforts to unify QED radiative effects with QCD radiation
Liu, Melnitchouk, Qiu, Sato PRD 104, 094033 (2021)

e Electroweak radiation...?

e Traditional approach is binned unfolding ot experiment,
but event-by-event folding of theory becoming more feasible
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.094033

Concluding remarks

e Optimum electron, kinematic reconstruction methods differ across detector
e Comparing kinematic bins will have different systematics
e Electron ID is critical for EIC physics
e Asymmetry measurements limited by electron purity
e Especially important in the barrel region, where pion background is largest
e High-precision polarimetry critical to polarized asymmetry measurements

e Absolute measurements require precise luminosity
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Backup
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Definitions of reconstruction methods

Electron Jacquet-Blondel Double-angle

_ 4 E, : 9) y = Oy y = sind,(1 — cosy,)

y=1ogp (hmeost 2F, siny, + sin 6, — sin(y, + 6,)
P .
P7, 5 , siny, (1 4+ cos6,)
2 / 2 > —
= 2E E /(1 0 — = 4FE;— . .

C el Fc0s6) C 1 —y ¢ sin y;, + sin @, — sin(y, + 0,)
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