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Content for Day 2

e ePIC Physics “forward” physics goals
e ePIC Far forward instrumentations

e “Forward” Physics examples

Exponential F----
learning curve day 2
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e Construction and operating challenges

Results

e Conclusive remarks
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Is it possible to have a timelike-virtual photon?

Recall from the lecture, EIC and JLab scattering experiment always

From Last night’s discussion: Is it possible to have a timelike-virtual

o Answer: Yes, but directly induced from the incoming and scattered electron.

involves a spacelike virtual photon.
photon?
(a) Space-like virtual photon (b) Time-like virtual photon
e~ (k) e (k")
2 : h(p:)
y*
(g="~¥)
q*=-Q%*<0
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Time Like Compton Scattering
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Pseudorapidity In EIC and ePIC

=0,0 =90° =0.88 1=1-0; 6 = 45°
n ’ 1 ’ Pseudorapidity is easy at the EIC!
1n=1.30 e Defined with respect to the proton beam
n=0 when particle is at @ = 90°
n=1 when particle is at @ = 45°
n~« when particle is at@ = 0°
Easy to remember!

n=0.25 n=0.45 n=0.60 n=0.75 n=0.9

_M=1.60

.-1=200 Now read the ePIC detector coverage again:
e Central detector: n < [3.5]

e e Forward endcap: +1.5<n<+3.5
-------------------------------- e e Backward endcap:-3.5sn<1.5
: e Far-forward/far-backward systems: |n| > 6
n~,0=0° |
CMS detector schematics Forbidden question:

e Why ePIC is not designed to use n~1 (@ =

is used as an example 45°) as detector system boundary.



Fundamental Properties of Proton

Property

Mass 938.272
Spin YA
@ Charge +1
Baryon +1

Number

What do my field study?
e Answer: Properties of proton
e Question: we knew these 30 years ago, why are you still studying this?



Fundamental Properties of Proton

Property Structure
Mass 938.272 Fractionally carried by quarks
@ @ MeV and gluons
. Fractionally carried by quarks
1
Spin 72 and gluons
Charge +1 Fractionally carried by quarks
Baryon .
Number +1 Big Puzzles

e Past 30 years was dedicated to to study the dynamic nature of proton

structure.
e Gluon plays a significant role in nucleon structure. (this talk)

e The effect of QCD confinement is nonlocal (beyond this talk).




Fundamental Properties of Proton

_ — = = [~ ~Property ~ Structure _ _

- - = = ~ ~
P < Mass 938.272 MeV | Fractionally carried by quarks and >~ A
[ gluons ‘
\ /

Fractionally carried by quarks and _ 7
S 1 -
~ < Spin 72 gluons -

@ /Z{arge "1~ T 7 Fractionally carried by quarks

Proton mass = u mass (330 MeV) + u mass (330 MeV) + d mass
(330 MeV) ? (Mass puzzle) No!

Proton spin =uspin+uspin+dspin=+%2-"%2+%7? No!
(Spin puzzle)




Proton Mass Puzzle

= : x Blue: Gluon
Orange: Higgs+gluon
Grey: Higgs

Prof. El Fassi at MSU

A Proton Mass Budget

EHM
ﬁ-

Quarks
Proton mass: Mass of 3 “free” quarks:
~1000 MeV ~10 MeV

e See a problem here?

o “Free” quarks contributes to <1% of the proton mass Prof. Dutta at MSU  Plots by Graig Robert
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Proton Spin Crisis Puzzle

Frame-independent spin sum rule
W[ (Ji)

[ = COMPASS 200 GeV e 1 A
0.06/- ® COMPASS 160 GeV i —AX+Li+J, =—

-+ SMC 190 GeV “"; + 2 €% 3
0‘04__ i A + _ e AX/2 and L; (sum to Jq) are the quark

i I - helicity and OAM, respectively;

i § 5 : « Quark and gluon contributions J, and J,
0.02(- t ‘ can be obtained from GPD moments;

i . & ; ' * The sum rule also works for the transverse

. "a e 048 w3 angular momentum in the IMF.
=N
- ——— BJu Jd ®Js mJg
- ——r—
111 | 1 1 | I - ‘ 1 1 1 1 1 | i . |
107 107 1

g] (z) = %Au (x) + %AE (z) + %Ad(:c) + %Ac_l(x) + %As (z) + %AE (z)

/ g, (z) =|0.176 £ 0.006
0

Expectation: 0.25! 32 &
(2.4) %

10.0
(3.6) %



Proton Radius Puzzle

CODATA'06 (2008)

Bernauer (2010)

Pohl (2010)

Zhan (2011)
CODATA'10 (2012)
Antognini (2013)
CODATA'14 (2015)
Beyer (2017)
Fleurbaey (2018)
Sick (2018
Mihovilovic (2019/2021)
Alar¢on (2019)
Bezginov (2019)

Xiong (2019)

0.82

0.84

0.86
rp [fm]

0.88

0.9

Grinin (2020)
CODATA'18 (2021)
Brandt (2022

MUSE (proj.)

Proton radius:

e Before 2010: 0.88 fm
e After 2010: 0.84 fm

o But we don’t know.

o An unsettled issue

o Mainz ep data disagree with
JLab ep data, what is going
on?

® Another good example of being
curious instead of listening to
your supervisor :D
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Puzzle #4: Proton’s Identity Puzzle (New one)

e Proton internal structure: which of the following picture is correct?

80 ¢
O ©

A B




Does Google know the answer?

B { G proton quark - Google Se= X J +
« C [O 8 https://www.google.com/search?client=ubuntu-sn&hs=IIH&sca_t ar 60C 130484 quark&udm=2&fbs=AE 120% Y 9 © &
-8) Import bookmarks.

Go gle proton quark X & & Q

Atom Neutron

1980s now

@ Medium
three quarks

Quanta Magazine

@ Quantum Diaries % Phys.org
Inside the Proton, the

Quantum Diaries How did the proton get its spin?

Proton

Q0 -

® Alamy % DOE Pulse
Proton quarks illustration DOE Pulse

W Galipedia

Max-Planck-Gesellschaft
Max-Planck-Gesellschaft

© Physics World
Proton contains more anti-down quarks

e

© Wikimedia Commons

QUARKS

Proton Neutron

8 Elementary Particle Physics @ Birming @ Forbes

& ResearchGate
Why study particle physics? - A brief...

quarks (u+) : positive ch...

@ Adobe Stock

What Rules The Proton: Quarks ... neutron. Stock Vector | Adobe Stock

Related searches

@ @ . what are quarks made of

¢e
©

Medium

proton

neutron quarks

a atoms quarks
o

il

(or neutron)

X Backreaction
Sabine Hossenfelder: Backreacti

@ The Open University

® Purdue Physics - Purdue University
Understanding scie..

The Behavior of the Primordial Universe ...

@ rForbes

A o
b %en

Protén - Wikipedia, a en..

File:Quark structure pion.

What Was It Like When ...

o e F =
Electron n Diagram Zao o‘; Model ¢ ® ¢ Molecule Sea .-‘ Spin @9  Gluon . Quanta magazine . Charm quark = C
oY : - :

@@ @@
¢

W Astronomia Astrénomos
Quarks along with electr..

® Wikimedia Commons
File:Proton quark structu...

D Ducksters
Physics for Kids: Eleme...

% Phys.org
The quark model: A per

/ @ -

- ’ o=
o e
@ Facts.net
® Alamy 9 Mind-blowing Facts A..

Quarks hi-res stock phot.

‘ @ indico.ictp.it

An Introduction to Stand..

[G Dreamstime.com
18 Gluons Stock lllustrat..

As you can see
google is unsure.
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Proton Image by Frank Wilczek

If A is correct:

To put back the “3” in color SU(3), we can
use U(1) x U(1) x U(1) with an appropriate
charge spectrum:

If B is correct (Verton):

Or, likely best of all in this vein: just U(1), unit
charged quarks and a charge -3 verton.

1 A better
configuration by
Frank Wilczek

0 @

(1,0,0) & (0,1,0) & (0,0,1) + verton (—=1,—1,—1)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(1,—1,0) & (1,0, 1) & (0,1, — 1) |
|

50 Years of Quantum Chromodynamics Seminar Series :
https://indico.cern.ch/event/1276932/contributions/5563300/attachments/2712308/4744769/qcd ucla 03.pdf 13



https://indico.cern.ch/event/1276932/contributions/5563300/attachments/2712308/4744769/qcd_ucla_03.pdf

Insights on baryon junction

Lattice QCD Study on proton
wavefunction

Hideo Suganuma, Toru T. Takahashi, Fumiko
Okiharu, Hiroko Ichie, arXiv:hep-lat/0412026 , 2004

Baryon Junction was predicted by local gauge invariance of the baryon wave function (1977)

o
O (G.C.Rossi, G. Veneziano, Nuclear Physics B, Volume 123, Issue 3, 1977)
e The lattice results of a “baryon junction” inside proton — a purely gluonic field configuration

that represents entanglement among the quarks and_carries baryon number! (2004)
e D. Kharzeev argued the transport of baryon number in high energy pp collision (1996)

O  arXiv:nucl-th/9602027
14



https://www.sciencedirect.com/science/article/abs/pii/055032137790178X
https://arxiv.org/abs/nucl-th/9602027
https://arxiv.org/search/hep-lat?searchtype=author&query=Takahashi,+T+T
https://arxiv.org/abs/hep-lat/0412026

Science Mission/Pillars of the EIC

EIC Science Pillar

Core Question

Key Observables / Channels

Proton Spin

3D Nucleon Imaging

Mass & Confinement

Dense Gluon Matter

Hadronization in Nuclei

How do quarks, gluons, and orbital

motion make the proton spin?

Where are quarks and gluons in position

and momentum space?

How does QCD generate nucleon mass

and internal forces?

Do gluons saturate at small , especially

in nuclei?

How do colored partons become

hadrons inside nuclear matter?

Polarized DIS/SIDIS, jets, heavy flavor, spin

asymmetries

TMDs, GPDs, DVCS, exclusive mesons, SIDIS

Gluon structure, energy-momentum tensor,

quarkonium, exclusive reactions

e+A DIS, diffraction, forward particles, dijets,

heavy flavor

SIDIS on nuclei, identified hadrons, jets,

charm, nuclear modification

Forward
Physics

15



ePIC Detector Detail

x (m)

2.0

1.5

1.0

0.5 1

0.0 1

_0.5 4

«
Se
o5 %
am I

Tagger 2

Hadrons P 4 Electrons

EIC Collider frame

Detector

Proton

DIEF 5
QEF 5
Q3EF 5

B2APF

Off-momentum detectors 1
Roman Pots
Off- detectors 2

ePIC detector features:

e A hermetic detector stack (almost 4 coverage)

e Asymmetrical collision frames (highly boosted in
favors of proton)

e 25 mRad crossing angle: accessing n~6 for

charged particles, n~ = for neutral particles
Central o (Accessing small -t or p_).

Detector

16



Full ePIC Stack

Luminosity Photon pC Hadron Rear Forward

Monitor Beam Polarimeter SC Magnets _ | 3 SC Magnets Dipoles
Ring Inside

Hadron Storage Ring _E | electrons

4 ) ! ; . ]
lam : i, y =
b@{._ N = % - ;' S
= S —] e

*Not to scale

Low Q2
Taggers

Off Momentum Roman Zero Degree
Detectors Pots Calorimeter

Alex Jentsch ePIC Collaboration Meeting, July 13th to 19th, 2025 17



Far Forward Detector Layout

BO tracker + BO EMCal

Roman Pots

Off-momentum detectors

ZDC

Angular coverage

5.5 < 6 < 20 mrad

0 <6< 5mrad

6 < 5mrad

6 < 5.5mrad

7] coverage

46<n<5b9
n>6
n>6

n>6

BO detector

Main role

Forward charged particles + photons

Leading protons / intact fragments

Low-rigidity charged fragments

Forward neutrons, photons, neutral

Roman Pots
fragments

Focusing quadrupoles

BOpf combined function magnet

SiPM-on-tile HCAL

~

Off-Momentum
Detectors

18



Where Does Particle Go After the Interaction?

* Off-momentum protons — smaller
magnetic rigidity — greater bending in
dipole fields.

* Important for any measurement with

nuclear breakup!

longitudinal momentum fraction
pz,proton
X =————

pz,beam

19



Integrated B0 Magnetic/Detector Stack

Electrons ™ pace for detectors

Hadrons

20



Integrated B0 Magnetic/Detector Stack

Readout & :
cable space
2mm
4 Tracking layers

LYSO Calorimeter ~ 6-7% energy resolution
AC-LGAD Tracker

135 scintillating
crystals

Rails for
installation

What do we need calorimeter there?

21



AC-LGAD Solution as Tracker

r

BNL prototype HPK EIC prototype
500um pitch strip (500um pitch)

K
&)

Both BNL and HPK produced 500um pitch pad/strip
t for future colliders Se.ﬁ. EIC: ‘

_ BNL AC-LGAD:
AC-Low Gain Avalanche Detector (LGAD) - 500x500 um? pixel pitch
o Low material budget + 100x100 um? metal electrode

.. ¢ 30um active thickness
Fast timing

@]
o High spatial resolution
o New tracking technology

Hamamastu ACLGAD pixel sensor of 2 x 2 mm? used in prototyping and quote
pixel-sensor performance around 20 ps timing and ~20 ym spatial resolution.

22



Roman Pot (RP) and Off-Momentum Detector

- ~26 cm
Full GEANT 4. '

Protons
E =275 GeV
0<6 <5mrad
(&)
~—
~—
l
v
o - 0.2 F
<P SaBE 4 Detector + beam effects Detector Resolution Only
PerOI\ : = - 5 E A Roman Pots, p = 275 GeV/c 4 Roman Pots, p = 275 GeV/c
trajectories e aVEn 2 o6 v RomanPots,p=100GeV/c v Roman Pots, p = 100 GeV/c
25.6cm a F»
] E ¥ OMD,x ~05 +  OMD,x ~05
12.8cm o 014 £ -
£ |
. o -
o = [] E £
B e e
= = E Y “~
@ 6.4 cm o 008 i S
A T
o C
Bottom r 5 0.06— M\w ' o
= RS ~
= m i _—
= 004 Dt p AT
002~
:ii*aLFt::*!*!ﬁ*ﬁ-.‘.ﬁ, o | |
00 0.2 0.4 1.2 14 1.6 1.8

il i
0.6 0.8 1 X i d
Transverse Momentum, P, [GeV/c]
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Zero Degree Calorimeter (ZDC)

zbC

24



Zero Degree Calorimeter (ZDC)

photon

neutron

ZDC

O O O O

,— insulating layer
¥ 162 cm f——/-60 cm /" (0.007 cm)

¥ ,— SiPM-carrying PCB
\ £___with UV LEDs
60 cm (0.08 cm)
b S oy
,,,
dowel pin — RSN X DS " ESR foil

\

link plate —__ ™\ . (0.015 cm)

h ~N— 3D-printed
frame

R

Absorber block ————

thickness=2 cm ESR foil ~— scintillator tiles

(0.015cm)  radius=3.1 cm
'— cover thickness=0.3 cm
(0.04 cm)

LYSO Layer +Hadron Calorimeter layer
Photon and Neutron detection

Photon energy resolution: 6-7%
Hadron energy resolution: 20%

25



Low Q? Tagger (far backward region)

Luminosity Photon pC Hadron Rear
Monitor Beam Polarimeter SC Magnets

Ring In:

Hadron Storage Ring

| My rwd)|
A RdLs .

*Not to scale

Low Q2
Taggers

Low Q?target:

©)

Main purpose: e tagger at
ultra low Q?

26



Hole in the Q? Coverage

4

: Central Detector ;-:':'_\
2? A .""\
o :
0.8 GeV2 —
0.01 GeV2 ——aff TAE
: p 2 N i
l0g(Q2) _4f vt '
[ ;.;« .
P 3
-8 ! S Low-Q2 tagger
Laal
b_l 1 1 l 1 1 L I 1 1 1 l 1 1 L l 1 1 1 I 1 1 1 l 1 1 1 I 1 L 1
122 -10 -8 -6 4 ) 0 2 2 1

log(x)

Two tagger stations covering different energy ranges.
e Tracker consisting of 4 layers of Timepix4 detectors, pitch 55um
e tungsten-powder + scintillating-fiboer SPACAL / spaghetti
calorimeter, derived from the far-backward luminosity-system
calorimeter design.
e Ultra high rate 70k/pixel
e EM resolution cE/E~12%/E®2%



Image of a proton (via Virtualized art)

high energy collisions :_ a~0.1~a | .
;. S | | Dynamic structure of proton
7218 W4 ’ :f."g":;" | |
. N TG L ey
g Yoy o ‘:’,5 ; I
£ RHIC |CERNSE
g A -~ A ) g ..._.4.,,;",:,.,. I
%E \ A ;"'r'f.’:" Lo rasrme |
§ % o. b EIC;‘I:‘. .-,‘_---I_:‘-..V'__. e I
i 1 = i —
< I !
i X 2
o ¥ | <
i [__1_JeffetsonLab . . o Proton image Proton image at
a1 (o) 1 g, B at CERN Jefferson Lab
I &~ e
small Q In o large Q
0

Image credit to JLab and MIT:
Full video available on YouTube
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https://youtube.com/clip/Ugkxp4VzdgFVPShoq7zmH8XMAvrqJ_bY4QvL?si=HzDkzNKvYg1DWF5t

Kinematics Phasespace of the EIC

105"=' I llllllll || llllllll 1 llllllll 1 llllllll | IR BRRE=
- JLab CLAS
= () JLab SANE
40 JLab g2p
107 E JLab CLAS12
E %  JLabRSS P
£ O  CERNCOMPASS g
= @  CERNCOMPASS low Q° 1
3 Y  CERNSMC
10°E A CERNEMC
= ¥  DESYHERMES
- ¢  SLACEI55
B 0 SLAC E143
o ) B B SLACEI3 4
< 1. ® SLACESO
0 10°E
> =
() =
<} i
o 10
@] =
1E
-1
10 =
10—2 "illlllll 1 IIIIIIII 1 IIIIIIII 1 [ ] B B
% 3 o o
10 107 10 1072 107! 1
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Forward and Backward z° electroproduction at JLab

t-Channel forward
scattering

do

dt

forward

backward

6 (CM)

" ['H(e,e’p)n®

u-Channel backward
scattering

A

30



Forward and Backward z° electroproduction at EIC

forward backward

u-Channel backward
scattering

t-Channel forward do
scattering

dt

0 6 (CM) T

5 GeV e on 100 GeV
p

N e ZDC




Semi-inclusive scattering (inspired by Alessandro Bacchetta)

r B | High z p via parton e Where is the high-z proton coming from?
| Casef ¢ _~"}fragmentation e Two possibilities
I - = _N_ _l o Case 1: From the fragmented parton region, which can be described by proton
| fragmentation function (can be integrated into the TMD formalism)
- s=== I o Case 2: From the target fragmentation region, collinear factorization approach.
Backward I Fracture function.
endcap D% | e PDF vs Fragmentation Function (FF) vs Fracture Function
_____ | o PDF: what parton is struck?
Central detector o FF: how does the struck quark hadronize?
o Fracture function: what parton is struck while the spectator remnant produces
N X a tagged baryon? (L. Trentadue and G. Veneziano, Fracture functions,
Fm———————— - Phys. Lett. B 323, 201-211 (1994).)
| Case 2 High z p via target ® Misconception: George Sterman (with W. Vogelsang and D. De
1 Ifragmentation Florian) derived the fragmentation probability for high momentum
e .
I proton production 30 years ago.
I FFR o  True for case 1
Backward r===-=- o George Sterman: Case 2 is where he study stopped, “target fragmentation” is a
endcap N new problem requires new theoretical and experimental approach, perhaps at the

future EIC.

° No Hadron Calorimeter in B0 area to capitalize this opportunity
32




Diffractive Vector Meson Production via eA Scattering

Accessing the gluon saturation

regime

1/3
@2~ |2

Saturation scale

JLdt=101b"/A o coherent - no saturation
1<Q2<10 GeV?2 o incoherent - no saturation

x<0.01

IN(Kgecay)! < 4 * incoherent - saturation (bSat)
o P(Kgecay) > 1 GeVic
Mt =5%

= coherent - saturation (bSat)

dol® +Au = e+ AU O gt (nh/GeV?)

0 0.02 0.04 006 008 0.1 0.12 0.14 0.16 0.18

Itl (GeV2)

Very similar Ultra-Perriperal collision at LHC

(©)

Incoherent Scattering: Scattering from individual

No color exchange

constituents, with the target often breaking up or being

left in an unobserved excited/remnant state
Coherent Scattering: Scattering where amplitudes
from the whole target add coherently and the target

remains intact

First observation of a quantum collective gluonic

sensitive to the “slumpiness” of gluon inside of

O
the nuclei
system
O

Precision comparison of experiment and “Color

Glass Condensate” (CGC) as a theoretical model

of the gluon saturation
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2nd Detector at EIC? Do we need it?

e Good cases and examples were made for both
o nuclear and particle physics experiments
o CMS &ATLAS
o ZEUS & H1
o CDF &DO0
o BELLE & BaBar

Electron
Storage Ring

Low-energy
Proton Bypass

lon
Storage Ring

— e Opinion by P. Grannis and H. Montgomery

Possible
Second
Detector

Electron
Accelerator

JLAB-PHY-23-3761

Electron

|
|
Fat 1 Motivation for Two Detectors at a Particle Physics Collider
|
|
|

|

1

|

1

Paul D. Granni and Hugh E. Mon’cgomer |
(Dated: March 27, 2023) 1
|

1

1

1

lon
Pre-accelerator

eCh PIC dete ctor I 1tis generally accepted that it is preferable to build two general purpose detectors at any given

I collider facility. We reinforce this point by discussing a number of aspects and particular instances in
| which this has been important. The examples are taken mainly, but not exclusively, from experience
| at the Tevatron collider.

N\Y



Prime Example of Cross Checking Power

i —
M, [Gevic)

« 2011 CDF study of dijet mass
distributions in W + jets
measurement.

« Statistically significant (p-value 7.6
104, 3.2 o) excess

+ Fit to extra Gaussian with width
scaled to dijet resolution-> mass
144+- 5 GeV, 6.BR =4 pb.

144 GeV Resonance? No!

200F DO.43 b 4 Data
l_m_ DO, 431 M Diboson
ot (a) i B W+Jets

800

Events / (10 GeV/c?)

600~
400F
2005

o) =05 100 150 200 250 A
Dijet Mass [GeV/c

300= D@43 ! —4— Data - Bkgd
E — Bkgd =1 s.d
& D
250 © B Diboson
e Gaatissian (4 ph)

M, = 145 GeV/c?

Events/ (10 GeV/c?)

r'”L P(y?) = 0526

-
-50

0 50 100 150 Z(‘l) 15‘() 300
Crosscheck!!

Dijet Mass [GeV/c?]

+ 2011 D@ study gives no excess,
with likelihood of 145 GeV
resonance of 6.BR= 4 pb of 8. 106
Rejection 4.3 5,95% CL UL 1.9 pb

A slide stolen from Mont’s talk at
EICUG 2023 on vetoing false
signal:
https://indico.cern.ch/event/123871
8/sessions/495759/

o Result verification

o Mass determination

o Veto false signals

My personal take: EIC carries the
potential for discovery level physics:
would anyone believe our results
without a cross-check?
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https://indico.cern.ch/event/1238718/sessions/495759/
https://indico.cern.ch/event/1238718/sessions/495759/

Implementation of the Second Focus at Detector Il

30 _As:suTninlg 1.00|G(?V/.c P.rOt?n| FromVaS|I|y Morozov(ORNL)_ ° Beam squeezed twice
; 182 EZZE . o First at the IP (flat beams for max luminosity)
~ 20 APIp=1% traj ----- B o  Then at ~45 m downstream of the IP (weaker
E : ] 2nd focus for optimal detection in the RPs)
o WA ey . o 100 beam envelope at 2nd focus in x is 4 mm
-(,”, ,’ . (100 beam envelope size at ePIC RP ~8 cm )
0 [ R
‘I j 2nd Focus -~~~
-10 e l 1 l Roman Pots \
0 20 40 60 AT
s (m) ; QDS01 Quadr'u |
ZDC PR
A particle scattered with Roman Pots 42613.03%3/ 7

p; = 0 emerges briefly at
the 2nd focus where it @
can be detected «\a&xe‘ \
693
BO Trackers + Calorimeter / Off Momentum
BXDSO01A Dipole

/’QFFDSOZB Quadrupole
QFFDS02A Quadrupole

IR / QFFDS01B Quadrupole
L S IP8 Far Forward Region

x BXSPO1 Dipole
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Opportunities from the Second Focus at Detector li

Isotope Z

Much improved near-beam detection at Detector lI:
Low-x / low-p_ proton acceptance
Detection of light nuclei (coherent processes)
Vetoing breakup of heavier nuclei (diffraction)
Tagging a wide range of spectator nuclei
Including A-1 for studying the bound nucleon
Properties of the nuclear final state
Hypernuclei, Rare isotopes, etc

(©)

(@)

Isotope fragments from 238U, Brynna Moran, et. al.

1Excluded Zone
:(No detection)

IRG

Detected

Excluded Zone
IR8 (No detection)
-1

/i
(1

IR6: Dx = 16.7 cm

100, = 6.1 cm

tovee e -

100| IR8: Dy = 38.2 cm
100y = 0.39 cm

@
=3

o
=]

N
(=1

"\ Detected
NS

=)
= N
=

== = g = = = 5

x position at RP1 [cm]

=
1)

|
=
o

-5 o 5
x position at RP1 [cm]

pi A

Without Far-forward
Detection

Py

With Far-forward
Detection (RP),
without 2nd focus

Py

With Far-forward
Detection (RP), with
2nd focus

Beam transverse momentum: p N

Beam rigidity: (x =p’/p, ., ~1-X
Detected
Excluded
] | >
0 <0.9 1
A "
IR6
. Detected
Excluded
| | >
0 <0.9 1
A &
IR8
—  Detected
Excluded
>

099 1 37,



Questions?



Far Froward Region

BO MAGNET/
DETECTOR
ePIC FAR
FORWARD SC - DIPOLES QuADs eSRCRAB
MAGNET NEUTRON CAVITY

CONE . QUADS

OFF I MATCHING CRAB CAVITIES
MOMENTUM ZERO DEGREE
P TEcA O ROMAN POTS CALORIMETER SC DIPOLE
QUADS
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