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Electron-lon Collider (EIC) Physics

Investigate dynamics of gluons to understand emergence of properties of quarks
and gluons in nucleons and nuclei (= QCD physics)

Main Questions:

o (3D Imaging) How are sea quarks and gluons
distributed in space and momentum inside the
nucleon?

2021

(«ET)D) EIC YELLOW REPORT
Volume II: Physics

[ SRy ]

o (Origin of Mass and Spin) How do nucleon ,, o
properties emerge from sea quarks and gluons R 5
and their interaction? R

o (Gluon Saturation) What happens to gluon White Paper  Yellow Report
density at low-x? o LTI 0 sz

Comprehensively discussed in
White paper (physics cases) and Yellow report (detector requirements + concepts)
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Motivation and How

Diffractive Vector Meson (VM) production
Sensitive probe to gluon spatial distributions and their fluctuations — Gluon density

Phys. Rev. C 87, 024913 (2013), arXiv:1211.3048
Measure Exclusive VM production

1-z /1 ~
VW“( ? E (1_2)4“;5: V= Jiy, 0.p. 7 e+poe +p +
Z
Cross section as a function of

momentum transfer (t) reflects
spatial distribution of gluons inside

t momentum transfer nucleus

Y

ol

p,A W P, A |t| conjugate to impact parameter
by Fourier transform
Dipole model of diffractive VM (ﬁgluon o B’T gluon)
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Motivation and How

Diffractive Vector Meson (VM) production
Sensitive probe to gluon spatial distributions and their fluctuations — Gluon density

Phys. Rev. C 87, 024913 (2013), arXiv:1211.3048 Eur. Phys. J. A (2016) 52: 268, arXiv:1212.1701
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Reconstruction Method of t

e + p Collision

e
R
e
=>4 P
“‘,‘-“‘ ‘ )
p VM, y
t=(a —py)?

p4 is known (beam)
p 4 1S measured by

far-forward proton spectrometers

<" Brookhaven
I Lf National Laboratory JIHEE KIM



Reconstruction Method of t

e + p Collision
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t=(pa —py)?

p4 is known (beam)
p 4 1S measured by

far-forward proton spectrometers
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since 4-momenta from e, A, e’, and VM are known

JIHEE KIM

e + A Collision
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t=(pa —py)?

p4 is known (beam)
We cannot measure p -
In exclusive vector meson production:
et+A-e +A"+VM




Reconstruction Method of t

o Method Exact: t= (py — pa)? = (pym + Por — Pe)?
Sensitive to beam effects (beam divergence and momentum spread)

Subtract large incoming and large outgoing momenta to get longitudinal part - small
error/smearing/inaccuracy make enormous effect on t
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Reconstruction Method of t

o Method Exact: t= (py — pa)? = (pym + Por — Pe)?
Sensitive to beam effects (beam divergence and momentum spread)

Subtract large incoming and large outgoing momenta to get longitudinal part - small
error/smearing/inaccuracy make enormous effect on t

o Method Approximate: t= (py o/ + pr,ym)?
Rely only on transverse momenta of VM and e’
Extensively used at HERA in diffractive vector meson studies
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Reconstruction Method of t

o Method Exact: t= (py — pa)? = (pym + Por — Pe)?
Sensitive to beam effects (beam divergence and momentum spread)

Subtract large incoming and large outgoing momenta to get longitudinal part - small
error/smearing/inaccuracy make enormous effect on t

o Method Approximate: t = (pr o + pr,vm)?

Rely only on transverse momenta of VM and e’
Extensively used at HERA in diffractive vector meson studies

o Method L: t=|p, — Pa’, corr?

Based on Method E and only valid for coherent events p, = p, — (pym + Pe’ — Pe)
Corrects p,» and use true invariant mass of nucleus to compensate smearing in electron 4-
momentum
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Reconstruction Method of t

o Method Exact: t= (py — pa)? = (pym + Por — Pe)?
Sensitive to beam effects (beam divergence and momentum spread)

Subtract large incoming and large outgoing momenta to get longitudinal part - small
error/smearing/inaccuracy make enormous effect on t

o Method Approximate: t= (py o/ + pr,ym)?
Rely only on transverse momenta of VM and e’
Extensively used at HERA in diffractive vector meson studies

o Method L: t=|p, — Pa’, corr|’
Based on Method E and only valid for coherent events p, = ps — (pym + Pe’ — Pe)

Corrects p,» and use true invariant mass of nucleus to compensate smearing in electron 4-
momentum

o A New Approach: [t|z = (pym - i+ per - A — pe - R)* = (pym - R)?
Measure projection of |t| along 7 of electron scattering plane and eliminates momentum
rESOI Ution contri bUtion M. Kesler, A.l. Sheikh, R. Ma, Z. Tu, T. Ullrich, Z. Xu, arXiv:2502.15596
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Challenges

Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419
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Challenges
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Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419
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Structure of coherent diffractive peaks/dips
Two major challenges:

o Limited resolution in measuring t
Outgoing electron momentum resolution

o Incoherent background dominates
Tag incoherent event to veto

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
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Challenges and Opportunities

Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419
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EIC Machine and its Realization

Unique, high-energy, high-luminosity, and
polarized beam collider in this decade

o High luminosity 1033 — 1034 cm-2s-"
(100x HERA)

o Large detector acceptance

o Wide center-of-mass energy
range (\/@ =30 — 140 GeV)

o Polarization > 70 %

o Electron 5-18 GeV

o lon41, 100 - 275 GeV
Variety of hadron/ion beams: p to Pb

Polarization for light ions SE———

eeeeeee
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ePIC Central Detector o

4 » | Low mass inner tracking
= s . — = Large rapidity -4 <n <4

Subsystems:
Tracker w/ Vertexing
PID
EMCAL and HCAL
Magnet

peam

Overall,
Good momentum resolution

Excellent PID n/K/p

Forward: up to 50 GeV/c
Central: up to 8 GeV/c
Backward: up to 7 GeV/c

In electron-going direction,

33 M (R) Excellent energy resolution

In hadron-going direction,
Good energy resolution

Courtesy of E.C. Aschenauer
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And Far Detectors In Interactlon Region

Zero Degree Calorimeter

In electron-going direction,
Low-Q? scattered lepton

In hadron-going direction,
R P Nuclear breakup

oman rFots an . ] .
\ Off-Momentum Diffractive reactions

N ‘ Detectors
\ Subsystems:
Tracker

e EMCAL and HCAL
~ B0 Magnet Spectrometer Luminosity Monitor
' Low-Q2 Tagger

Low-Q? Taggers

Taken from E.C. Aschenauer’s Slides at 17t Vienna Conference on Instrumentation
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Opportunities and Highlights at EIC

P
f’;ﬂ‘
=

a &

2

Roman Pots
and
Off-Momentum
Detectors

B0 Magnet Spectromete

==

o Good momentum resolution for VM — 2 T magnetic field for tracking

o Excellent energy resolution for scattered electron — Backward EM calorimeter PbWQO, crystals
o Incoherent background suppression — Larger far-forward detector acceptance

~ :
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t Reconstruction Results — ePIC

ePIC Simulation Campaign Dec 2023
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From Zhoudunming (Kong) Tu’s Slides at EIC Theory WG Meeting
ePIC Work In Progress
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Resolution is 200% at low t and 20% at high t
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t Reconstruction Results — ePIC

ePIC Simulation Campaign Dec 2023
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From Zhoudunming (Kong) Tu’s Slides at EIC Theory WG Meeting
ePIC Work In Progress
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Incoherent Background Results — IP-6

Zero-Degree Calorimeter
-

B1apf dipole
I/ &

Hadron beam direction from IP
Roman Pots Detectors \]
(inside beam pipe) \\\
Off-Momentum Detectors BOpf dipole

\\“‘ \

BO Detector
o Veto 2: No neutrons in ZDC

o Veto 3-5: No proton in any forward detectors
o Veto 6-7: No photon > 50 MeV in BO or ZDC

Based on 5 % t resolution assumed,
1st minimum can be resolved,

but not 2" or 3@ minima

¢ Brookhaven
Lf National Laboratory JIHEE KIM

BeAGLE 18x110 GeV?

| I I I I | I I I I I I I
S 107k e+Pb — e'+Jhp+X =

B TammEmammavssavlaTysEegEEEaEanie

ratio to total
P
II\D — w
W T
r I
)
Il
ALE.MH.NI

0 0.05 0.1 0.15
It (GeV?)

Phys. Rev. D 104, 114030 (2021)
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Incoherent Background Results — ePIC

E.C. Aschenauer, V. Batozskaya, S. Fazio, A. Jentsch, J. Kim, K. Kumericki, H. Moutarde, K. Passek-K, D. Sokhan, H. Spiesberger,

Roman Pots

BO detector

Focusing quadrupoles

8 BOpf combined function magnet

k? Brookhaven

National Laboratory

P. Sznajder, K. Tezgin, arXiv:2503.05908

.41’!
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MC Entries

10*
Crystal
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"‘7 10°
SiPM-on-tile HCAL
102
Off-Momentum
Detectors
10

More detailed and realistic
IR-6 and far-forward detector geometry + beampipes
Similar to previous IP-6 standalone simulation study 4o s os to5 cos 55 '5'15'5'14'515'515‘ '02
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EIC Detector(s)

o Capable of accommodate two
detectors and two interaction
regions (IP6 and IP8)

lon
Cooling

Electron Low-energy
Storage Ring Proton Bypass

o Complementarity of interaction
region
o Potential new feature for far detectors
- 2"d Beam Focus
o Squeeze beam: as small as IP

o Scattered particles can get out of
beam envelop — larger acceptance at
low-pr

o EIC 2M detector can benefit from
machine design PG

lon
Storage Ring

Electro‘rh \

Electron
Accelerator

Electron
Source

https://www.bnl.gov/eic/

~, 2
u. Brookhaven JIHEE KIM

National Laboratory 22




Potential New Feature for Far Detectors

Implemented in proposed IR-8 Forward hadron Lattice and  Ec. Aschenauer, A. Bazilevsky, A. Jentsch, J. Kim, A. Kiselev, B.S. Page, Z. Tu, T. Ulirich, C.P. Wong, arXiv:2501.12410
required far-forward detectors (pre-conceptual design) QDS01

BXDS01B
Pl Roman Pots
' o  at 2" focus (RPSF)

BXDS01A B Zero Degree Calorimeter (ZDC)

QFFDS02B
Off Momentum Detectors (OMD) Roman Pot concept
FFDS02A
QFFDS0 —
QFFDS01B
QFFDS01A ’ -
BXSPO01 / '
Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419
BXSPO1A

Since beam become small,
Place detector closer
— larger acceptance at low-p+

B0 Spectrometer
(Tracker + ECal)

~ :
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Incoherent Background Results — IP-8

Number of non-vetoed incoherent events Vetoing power distribution
106E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 § 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
© BeAGLE ePb 18x110 GeV? ; 1L BeAGLE ePb 18x110 GeV? ] ZDC heal tagged
L ePb—e+J/¥+X, 1<Q%¢10 GeV? . e ePb—e+J/ ¥ +X, 1<Q%<10 GeV? 3 (neutrons)
105 ?A_ . Allsverits = Fo i : : N RPSF tagged
E § ; 3 T %o, T (protons,
* 4:‘1|_|_LH E . 2107 OON‘«‘OOOOOOO ZDC HCAL tagged— nuclear fragments)
2104 T 5 c s 20000 E
% 10 E ""-'—-_.___‘_l_‘_‘_\ZDC HCAL tagged 3 G>) u : OO?OOOOOOOOO()OOOOOOOOOOOC
F | T— ] W, L[ |
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w o Eg £ £ S Eg £ £ -
O 5 3 i 5 . o - 5 3 5 .
O 12L& g E 1 — 3—§ E g ]
o 10%E ¢ El E Q107 E 1 E £
S B g B - ] o) C B g B - .
> - N »: RPSF tagged = - F »: RPSF tagged -
< 10§LI_L'J—|_|_ IJWJIU_LIJFJ |_"H' ?E 6:610—4??%?” ,]L) 1) v jl)ﬁ)l ﬂ,? ....... T
L 11 ]L § }ﬁ xﬁﬁﬁi’f TﬁWﬁwﬁ T | J}
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Momentum Transfer |t| [GeV?] Momentum Transfer |t| [GeV?]

E.C. Aschenauer, A. Bazilevsky, A. Jentsch, J. Kim, A. Kiselev, B.S. Page, Z. Tu, T. Ullrich, C.P. Wong, arXiv:2501.12410, accepted to PRD

Found to be enough to suppress incoherent contribution at three minima (vetoing eff. > 99.99 %)
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Opportunity of Pentaquark at EIC

Phys. Rev. Lett. 122, 222001 (2019), arXiv:1904.03947
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P. particles discovered by LHCb

Jly \ P

proton

Yet internal structure and quantum
numbers remains in questions
like spin 1/27? 3/27 5/27?
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Opportunity of Pentaquark at EIC

Phys. Rev. Lett. 122, 222001 (2019), arXiv:1904.03947

Z+ 50 Z+ 5 *0 In Woo Park, Sungtae Cho, Yongsun Kim, Su Houng Lee, arXiv:2503.02676
C C

EIC may shed light on

1200} :
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Opportunity of Pentaquark at EIC

1078
Expected P. yields to be measured by ePIC
at /s = 141 GeV (N141) and /s =40 GeV (N,) 7
Assuming integrated luminosity of 100 fb 0
-20
7P @2t @i2- G2 G2 6127 612
Nyap 790 350 5.1x10° 2.0x10% 4.1x10’ 1.0x 10°

Nyp 1.7x10° 7.7x10* 2.8x10° 1.1 x10° 4.8x10° 1.2x 10’
In ePIC, it can be measured in forward
detector and/or far-forward detectors

Beam spin asymmetry (BSA)
for (1/2)%, (3/2)*, and (5/2)" states
__do/an|RL] — do/dn|RR]
BSA (77) - do/dn[RL] + do/dn|[RR]

L? Brookhaven

National Laboratory

JIHEE KIM

0

/

—_(1/2)'RR
,,,,, (112)*LR
(3/2)'RR
(312)*LR
—_(5/2)*RR
,,,,, (5/2)*LR

1 2 3 4

(12
,,,,, (112)
(3/2)*
(312)
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Summary and Outlook

o Diffractive Vector Meson is a powerful experimental tool to study
nucleon and nuclear structure, e.g. gluon spatial distributions

o Both challenges and opportunities at the EIC

o To achieve this measurement,
o Better t resolution using the scattered electron
o Vetoing capability of incoherent background (IR-8 looks promising)

o For EIC 2" Detector, large interests and inputs will drive project forward
o Your input is extremely valuable

o If you would like to share your idea, please reach out to EICUG Detector-Il WG
conveners (https://eicug.github.io/content/wqg.html#detector-iiip8-group)

<" Brookhaven
I kf National Laboratory JIHEE KIM 28



https://eicug.github.io/content/wg.html

Thank you!

The work of J. Kim is supported by Laboratory Directed Research and
Development (LDRD) funding, “A Second EIC Detector: Physics Case and
Conceptual Design” from Brookhaven National Laboratory under LDRD-
23-050 project.
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EIC 2nd Detector Motivation

Another general-purpose collider detector to support full EIC program
(complementarity); 1 + 1> 2

o 18 H1 and ZEUS
O CrOSS-ChECking +bf A \I'S:I;I;":;Ie\l‘s]e+p0.5fb_l
ex) HERA (H1 & ZEUS), RHIC (PHENIX & STAR), L %=002 o ZEUSHERAII
LHC (ATLAS, CMS, LHCb, & ALICE), B factory (BaBar ™ ™" ﬁ %% e
at PEP Il & BELLE at KEK-B), Tevatron (CDF & DO), etc 12} % WW A HIHERAI
o Cross-Calibration T J W s
DA

=]

Beyond VN statistical improvement B
Reducing uncertainties associated with a single detector o S : WM'M%%
Conflguratlon 0.4 Q‘%ﬁ ; pb??&ﬁb H‘ * 0.08

+
o Technology Redundance 02} HEEpb D i‘j. i

Different technologies to similar physics aims 0 - - - - - -

1 10 10 10 10 10

o Primary Physics Focus Q/GeV?

Brookhaven

Optimizing overall sensitivity to full physics scope Eur. Phys. J. C 75, 580 (2015), arXiv:1506.06042
~
kf National Laboratory JIHEE KIM 31



Complementarity of Technologies

. Space for services,
Magnet 2 T Solenoid AS) I Seanele) vl deeper detector depth,

large radius . :
and improve resolution

Improve pattern
Tracker MAPS + MPGDs EECIZOUS CIEBRIENS S recognition and

Outer MAPS layers tracking efficiency

dRICH (gas + aerogel) Simple RICH and TOF

PID + TOF Gaseous-RICH+TOF 2eb 10 ps resolution
Imaging calorimeter Improved version of Cost effective R&D
SEUE S0 (AstroPix + Pb/SciFi) SciGlass SciGlass
Barrel HCAL Steel/Scintillator plates ~ Belle-ll style KLM &0 Improved KLM +

muon detection

Noted that some were selected and illustrated here
<" Brookhaven
kf National Laboratory JIHEE KIM 32



EIC 2nd Detector Muon Detector

Dedicated muon ID detector
Muon channel (quarkonium)
Served as cost effective HCAL

1400 1600 1800 2000 2200 2400 2600
Distance from IP [mm]

Taken from Generic EIC-related detector R&D proposal - #18 KLM-type detector

https://www.jlab.org/sites/default/files/eic_rd_prgm/files/2023_Proposals/EIC_KLM_R_D_Proposal_2023_EICGENRandD2023_18.pdf O I ron I S C i N ti I I ato r San d W| C h ( I | ke
77 Belle-Il)

o Longitudinal segmentation for better
h/u ID and energy reconstruction

o u ID atlow (=1 GeV) momenta
o Possible solution for endcap HCAL

4\\'
N \\

Taken from A. Vossen’s Slides at Precision QCD predictions for ep physics at the EIC (lll): opportunities with a second IR

Rowan Kelleher, Simon Schneider, Anselm Vossen, Nilanga Wickramaarachchi (Duke), Will Jacobs (Indiana) Yordanka llieva (USC)

~, :
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EIC 2nd Detector Central Tracker

Mixed-tracking technologies
o Inner silicon vertex tracker

o Gaseous detector
(TPC or drift chamber)

Cons

o More materials at endcap

o Worse spatial resolution
compared to pixelated silicon
sensor

Pros

o More hits — better pattern
recognition

Vertex layers & silicon disks o PID info at low-momentum
Cheuk-Ping Wong (BNL) US|ng d E/dx

~ =
u. Brookhaven JIHEE KIM

National Laboratory

HCAL/Muon Detector not shown




Complementarity of Interaction Region

2.0 3 0 Acta Phys. Pol. B Proc. Suppl. 18, 1-A1 (2025), arXiv:2501.08144, arXiv:2501.12410
Hadrons > | < Electrons
Hadrons > < Electrons | | | |
‘é_,x x 25— ********* e O S T
15 R <

Off-Momentum Detectors
Detector j ‘

Q2EF_5

50 4 | | | Roman Pots

7777777777777777777777777777777777777777777777777777777777777777777777777777

D1EF_5
Q3EF_5

|
%5 0, | | | |
c%né. N w | | | |
1.0 Exit window a3 w5 g ! : |
.U o W o | |
Collimator \DI:IJ S 15_ ,,,,,,,,, e e LT -
Magnetx ! 1 l 1
I I
I I I

— _\
E Lum. detectors

~ S %% “-k.\\| é
X i 85 g5 X 1.0 gy — & B8 g a @GP L
2755 N
;—l Forward spectrometer] © % ZDC 0 5 e Tt NP~  miodeiiilil i R TN, | It
o, — (in BO)
0.0 5 J / ‘ : : |
ﬂ | | | |
~ Off-momentum detectors 1 OO 1 r== B ki i e iy R S
E’, Roman Pots ‘ : Maln g;;vgﬁ.[:meter :
= Off-momentum detectors 2 | } Det ‘Ctor R
~0.5- g - 054 S T s (nBO) .
IR-6 IR-8 | | | | |
-40 -20 0 20 40 -40 -20 0 20 40
z (m) z (m)

25 mrad crossing angle 35 mrad

potential new feature 2" beam focus
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Potential New Feature for Far Detectors

Roman Pot concept

30 Assuming 100 GeV/c Proton From Vasiliy Morozov (ORNL)
I 1 ) I 1 I ) ] T ) I 1 T ) I I ) ] ] 1 i
; 100, beam env Since beam become small, g
X 10csy beamenv ----
N APIpP=19% traf -+ Place detector closer —_
£ : Htbeam optics g oererenenn ] —larger acceptance at low-p7 \ |
= 10} IR VAN .
N ' .. < ,_“‘,j\_//\\\\
2 0O F-----eeomnev - -~ " \ N 4 Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419
. - QDS01
[ i BXDS01B ,-- Roman Pots
o e R " at 2" focus (RPSF)
O 20 40 60 80 BXDSO01A Zero Degree Calorimeter (ZDC)
Interaction \ |
point (IP) S (m:' QFFDsS028 Off Momentum Detectors (OMD)
Squeeze beam arFbsozA
QFFDS01B
so that

QFFDS01A

' 4

beam as small as at IP BXSP01

»”*
— Scattered particles can ‘ BXSPOIA

get out of beam envelope BO Spectrometer

(Tracker + ECal) Implemented in proposed IR-8 Forward hadron Lattice and
arXiv:2501.12410  required far-forward detectors (pre-conceptual design)

= 2
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Compelling Opportunity with New Feature

EIC 2nd detector can benefit from machine design

O

©

Brookhaven

National Laboratory

Allows access to low-pt particles/fragments

o Higher probability to detect low-p; (< 250 MeV)

New physics opportunities:
o Exclusive/diffractive measurements at low t

o Recoiling nuclei and fragments from nuclear
breakup

o Coherent diffraction on heavy nuclei

Challenges:
o Chromaticity budget

Unique capabilities to enhance overall EIC
exclusive, tagging and diffractive physics
program

JIHEE KIM

P1

200 MeV/c

0 MeV/c

P1

200 MeV/c

0 MeV/c

P1

200 MeV/c

0 MeV/c

(xL = p,/pbeam ~1- x)

without forward spectrometry

Detected

0

1 Xy
with forward spectrometry
but no secondary focus

Detected

0

0.9 1 X,
with forward spectrometry
and secondary focus

Detected

0

099 1 x

JACoW IPAC2021 (2021), arXiv:2105.13564 37



Coherent Diffraction on Heavy Nuclei

Nucl. Phys. A 1026 (2022) 122447, arXiv:2103.05419

10% 8-
A Jhp: oy /pr (%) = 0.05 pr ®0.5
C e: op/pr(%)=0.1pr®0.5
10"
- " = Coherent

-
o
N

-
o

—

(e+Au —e'+Au' + J/w)/dt (a U)

o
—
<

1072

10—3III|III|III|III|III|III|III|III|III

1<Q?2<10 GeV?

= ¢ Incoherent

)
Y

x1/3000 ‘

0

For e + A program:
Suppression of incoherent background

Diffractive cross section
(exe+ Au— e’ + Au' + JY):

Sum of coherent (nucleus stays intact) and
incoherent (nucleus breaks up) processes
— Very challenging!

How to veto incoherent process:
By tagging nucleus breakups using far-

0.02 0.04 006 0.08 0.1 0.12 0.14 0.16 0.18 forward detectors

Itl (GeV?2)

L:> Brookhaven

National Laboratory

JIHEE KIM 28



Nuclear Breakups Distribution

E.C. Aschenauer, A. Bazilevsky, A. Jentsch, J. Kim, A. Kiselev, B.S. Page, Z. Tu, T. Ullrich, C.P. Wong, arXiv:2501.12410
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From Thomas Ullrich

Method E

Sensitivity to beam effects: o,/ = (¢,

easured ttrue)/ ttrue

10° Itl = 0-0.01 GeV?2 108 Itl = 0.01-0.04 GeV?2 10° Itl = 0.04-0.07 GeV? <10° Itl = 0-0.01 GeV?2 (10° It =0.01-0.04 GeV? w10 I11=0.04-0.07 GeV?
3500 300 400F 140F
[ 160
3 oyt = 0.061 E ot=0.015 E oyt = 0.008 F oyt = 149.61 E
3000 500 250 350 140 120
2500 f 400F 200F 500 b 120 100
E £ 100 -
2000 300F 150 3 80
1500 F 250 80 60F
200F 100 F 60
1000 3 40F
100f 50 F 200F 4
500F F 20 20F
o 1 1 1 0 1 1 1 0 1 1 1 1 I 1 1 1 150 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
015 -01 005 0 005 01 015 01 005 0 0.05 0.1 0.06 -0.02 0 002 006 108 6 4 20 2 4 6 8 10 8 6 4 2 0 2 4 6 &8 6 4 -2 0 2 4 6
(tsmeared - It (tsmearea - D1t (tsmeared - D1t (tsmeared - D/t (tsmeared = D/t (tsmeared = I/t
«10° Itl = 0.07-0.10 GeV? 10° Itl = 0.10-0.13 GeV? 10° Itl = 0.13-0.18 GeV? «10° Itl = 0.07-0.10 GeV? «10° Itl = 0.10-0.13 GeV? x10° Itl = 0.13-0.18 GeV?
200F 160F 120:_ 100F 120
180F oyt =0.007 140F oyt = 0.006 140F oyt =0.005 100k 100k
160F 120p 120F oot 80
140F 100 100F sof oF
120F b F 60
100F 80 80f 60 60
E 60f E s a0fF
8op €0 40F 40f
60 40F 40F F 20
40F 20F - 20F
20F 20¢ 20F E
o L L L obitir Lt L 0 f L h 0 it 0 L 1 1 0 T
20.06 0.04 002 0 002 004 006 0.03 0010 001 003 -0.03 002 001 0 001 002 003 24 2 1 0 1 2 3 4 3 2 -1 0 1 2 3 =2 15 -1 -05 0 05 1 15 2
(‘smeared - (‘smeared -Yi (tsmeared -Hn (tsmeared -Yi ('smeared -yn (tsmeared - ')/'
EIC beam divergence EIC beam momentum spread

» Beam divergence affects little:  6,/t ~ 6% to 0.5%
e Beam momentum spread is devastating: o,/ ~ 15000% to 103%

¢ Brookhaven
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From Thomas Ullrich

Method L

e How the method works

» Calculate p of outgoing A py = ps — (py + P, — P.)
» Express and correct the outgoing nucleus in light cone variables:
© Py =Ey+p,a
® p]2‘,A’ = p,%,A' + p)%A'
® Py = (Mj+p% ’A,)/p; where py. is now modified by using the true mass Mi.
» The corrected 4-momentum of the outgoing nuclei is now
corr __

Py = [px,A” Pya» @i—pi)12, (p;+pg/)/2]

» In short, you are using the true invariant mass of the nucleus to compensate the
smearing in the larger component of the electron 4-momentum by modifying Ea

and pza simultaneously.

2
corr

» Now simply: 7. .. = ‘pA — Da

12

Brookhaven JIHEE KIM
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MethOd L From Thomas Ullrich

«10° Itl = 0-0.01 GeV? 200l It =0.01-0.04 GeV? (g®  1=0.04-0.07 GeV?
1800 f- - = g = AI I b ff t
st 3 ot =0.048 250} ot =0.016 ::g 3 o/t = 0.009 eam errects on
1400 F C E
1200 2008 100F
1000 f 150F 80F
800F : 3
600 100F oo
F C 40
400 s0F :
200 F 20F
P20.15 0.1-0.05 0 0.05 0.1 0.15 0.2 0015201 0.05 0 005 0.1 015 0 i 05 0 005 0
(tsmeared - i (tsmeared - it (tsmeared - i
«10° Itl = 0.07-0.10 GeV? Itl = 0.10-0.13 GeV? Itl =0.13-0.18 GeV?
[ 80000 £ 80000 -
100 oyt =0.007 70000 o/t = 0.006 0000 E o/t = 0.005
8of 60000 - 60000 f-
. 50000 50000 -
60 E E
. 40000 40000 F
aof 30000 F 30000 F
- 20000 F 20000
20[ E :
: 10000 f 10000 F-
0.060.06-0.040.02 0 0.02 0.04 0.06 0.08 006 0,04 002 0 002 004 006 00400 T o0 T e
(tsmeared - D/t (tsmeared = Wt (tsmeared - Dt
t-range (GeV?)
method | effect 0-0.1 | 0.1-04 | 0.04 - 0.07 | 0.07 - 0.10 | 0.10 - 0.13 | 0.13 - 0.18
E beam divergence 0.061 0.015 0.008 0.007 0.006 0.005
E beam mom. spread 149.61 10.36 3.03 1.86 1.37 1.03
L divergence & mom. spread 0.048 0.016 0.009 0.007 0.006 0.005
¢ Brookhaven JIHEE KIM
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