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N Forward vs Backwards Production
Production e~ O © O * Forward Production
e t-channel: low Mandelstam ¢, high u
e Momentum transfer from target is small
« VM is produced in backwards (e-going) direction
* Proton in forward direction

* Proton rapidity only slightly modified

* Backwards Production

wchannel  u-channel: low Mandelstam u, high ¢
> e Momentum transfer from target is large

Contributions to VM production from Mandelstam variables. Wenliang (Bill) Li (William and
Mary). GPD Workshop at Stony Brook University

— VM produced in forwards (p-going) direction
* Proton in backwards direction
* Proton shifted many units in rapidity
* Similarities with stopping in heavy ion collisions
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u-channel Physics and Baryon Stopping
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Stopping in Heavy-lon Collisions

e Baryons participating in a collision can be shifted many units in rapidity

* Generally more collisions = more stopping

* Models of stopping using various equations of state indicate sensitivity to EoS
* Onset of deconfinement may be probed by baryon stopping

* Understanding behavior of midrapidity baryons as a function of energy is
Critical (See Ieft) Yu.B. Ivanov. Phys Lett B, Vol 721, Issues 1-3, 2013, 123-130, ISSN 0370-2693

Stopping in ep collisions

« Single collision causes large momentum transfer D m“;'r:ft‘;‘g‘ty
* u-channel mechanism is not well-understood as a
function of energy —_—
e ep collision is simple system for studying midrapidity |
proton behavior in absence of deconfinement and hot i . forward
u-channel } meson

QCD effects
* This gives us a better understanding of mechanisms

contributing to baryon stopping in larger systems u-channel proton stopping in ep

collision
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u-channel Physics and Baryon Stopping ULUDAVID

How can a 275 GeV proton undergo this large momentum transfer

and remain intact?

* |sthere enough time available in a collision for all the quarks to “know” that a
collision has occurred? Kharzeey, hys.Lett. 8378 (1996) 238.246, arkivinuct1h/9602027

* |sthere a connection to the baryon-junction model (BJM)?

 The BJM posits that baryon number is not just carried by valence quarks

 InBJM, baryon number is also carried by a non-perturbative configuration of
gluons. These gluons can be easily stopped in a collision

Baryon-junction model

Incident baryon :
Virtual photon v Forward valence quarks Forward mesons

Stopped junction

he e e

Stopped baryon
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https://arxiv.org/abs/nucl-th/9602027

Hadronic Center of Mass (CoM)
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Benchmarking eSTARIight against HERA data. Michael Lomnitz

and Spencer Klein. Phys. Rev. C 99, 015203 — Published 11
January 2019
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Background on eSTARIight

 Models VM production in electron-ion collisions at finite photon

virtuality
» Includes a variety of vector mesons (p, p’, w, /P, P(2S), Y)
» Wide range of COM energies
» Simulates final-state particle kinematics

 Complete kinematics simulations at variable energies make this
a useful tool for informing detector design for EIC

* Variable photon virtuality (Q?) allows predictions of production
cross section scaling with Q?

dw d*N
O'(€A-> eAV): /‘W‘/'dk‘/'dQZWézay*AeVA(W, Qz)
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Backward Physics in eSTARIlight
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C. Ayerbe Gayoso et al. Progress and Opportunities in Backward angle (u-channel)

M Od e | | N g Uu-C h anne | P rOd uct | on Physics. Eur. Phys. J. A (2021). arXiv:2107.06748

eSTARIlight has been modified include backward production!
The strategy: exploit similarities to -channel
dO- _ Bt dO- _Cu

— ~ e — AU
dt du €

Scaling depends on the meson produced
B and C relate to size of production region which differs in £ and u channels due to role of
meson vs baryon exchange trajectories
Effect of photon virtuality estimated with similar behavior to #-channel
2

Oy p—swp (W, Q%) = Oy p—swp (W, Q% = 0)(%)71
Assumption based on data from HERA forward-production (a source of uncertainty)
F.D. Aaron et al. (H1), JHEP 05, 032 (2010)

Rates: Forward production: predicted rate ~(billion events)/107s

Backward production: predicted rate ~(10 million events)/107s
This model was developed by Aaron Stanek (LBNL) and implemented by Samuel Heppelmann (UC Davis)
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Backward Production Cross Section in eSTARIight
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* The cross section for backward production as a function of the center-of-mass energy of

the photon+proton system is lower, effecting our expected statistics

Zachary Sweger
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Vector Mesons Channels of Interest at EIC — =

w Neutral Decay Channel

* ®> ™Ypimary > YYYprimary (8:3%) is fully calorimetric

e Data exists from JLab for benchmarking eSTARIight

* Spin of backward-produced w still under discussion. In forward-production, w has same
polarization as photon. This polarization is being compared against unpolarized w in u-channel

 We need far-forward electromagnetic calorimetry

p? 2-Pion Decay Channel

e pV> wh T (100%)

* Expected to have similar behavior to w

e Spin of backward-produced p still under discussion. Taken to be unpolarized for now
 We need far-forward charged-particle tracking
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Detectors of Interest For u-channel Production U(;DO‘;\VOIS

There are three detector regions of interest for backwards productlon

* Central Region (endcap & barrel): |[n| <3.5

v Charged-particle tracking (p) ?\1:/
v’ Electromagnetic calorimetry (w) %
« B0 Magnets: 4.6 <n<6.0 5
v Charged-particle tracking (p) 3

? Electromagnetic calorimetry (w)
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Backwards w Detection

Proton w eff. w eff.
beam energy cent.+ZDC cent.4+B0+7ZDC

W -> noyprimary K yyyprimary (83%)

Zachary Sw

1 (y from ® decay)

n (y from n° decay)

[__1] Central Detection
[ Central+B0 Detection
[ BO Detection

[ B0+ZDC Detection
[ ZDC Detection

[ ZDC+Central Detection

..
e Y =1

, 5x41 GeV
ae T 0<Q<1 GeV?

5x41 GeV
0<Q’<1 GeV?

S |

10x100 GeV
0<Q’<1 GeV?

10x100 GeV
0<Q’<1 GeV?

e - = —— ———— -

I
llIllﬂIIlllIlllll

41 GeV 1.4% 18%
100 GeV 1.3% 41%
275 GeV 6% 63%

| T T 2

- ) E

1 o S 18x275 GeV O

L : 0<Q’<1 GeVv? 1710

-_— Cebra et al. Backward-

g 10° Angle (u-channel)

e -, Production at an Electron-
lon Collider
arXiv:2204.07915

10

(/)]
1 €
igh 18x275 GeV 38
0<Q%<1 GeV? 10
102
o 10

1 (y from 7° decay)

6

8 10 12

N (y from 7° decay)

n (y from n° decay) 10




Backwards w Detection UCDAVIS
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Backward w events at 18 X275 GeV were simulated for the ATHENA proposal assuming no
BO calorimetry

Simulated using a parameterization of the ZDC’s acceptance and resolution

Demonstrated that ws could be faithfully reconstructed, but at a low (~6%) efficiency
without BO calorimeter

Pseudorapidity Distribution of Photons from n° and o Decay o Reconstruction in ZDC
____________________ x10°
—_ B = 2]
S 1 . |:I Central Detection 3 € 30
£12- oo = 3
iy : "l ' - |:| ZDC+Central Detection = o C E Raw
_;E [ ) |-:| £ Bretecion 7 gel [ zoc Reconstruction x 10
2 10/~ == 10° : Fast simulation and
g : E B reconstruction
=) 1= 20+ courtesy of Alex
e 8§ | C Jentsch
OE . - i r
R - = ! 10 B
________ ] 15 [T
5 &Cs I
- ol §
4 " 10 _—
""""" N~ =TT 10 -
E ! i
2 : 5
L ] s _
= | u B
I : -
0 B ey I Ll : l L1 1 I 1l l. l. 19 ) I f e B | l | | 1 0 i
0 2 4 6 8 10. 12 0.7 0.75 0.8 0.85 0.9 0.95
f d 8
Y (from o) pseudorapidity (n photon) yyy Invariant Mass (GeV/c?)

Zachary Sweger 6/27/2022 Group Meeting 11



Backwards p Detection
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Backwards p Detection
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Backward p events at 5x41 GeV were simulated for the ATHENA proposal
BO tracking should be the priorityfor this channel
These too were able to be reconstructed in simulations of the BO response

Pseudorapidity Distribution of Pions from p°
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Paper on Backwards Production at EIC
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Check out our recent paper on backward-production at the EIC:

arXiv:2204.07915
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Backward-Angle (u-channel) Production at an Electron-Ion Collider

Daniel Cebra and Zachary Sweger
University of California, Davis

Xin Dong, Yuanjing Ji, and Spencer R. Klein
Lawrence Berkeley National Laboratory Berkeley CA
(Dated: June 27, 2022)

In backward photoproduction of mesons, the produced vector meson takes most of the struck
nucleon momentum. The nucleon loses most of its momentum, and so is shifted several units of
rapidity. Thus the Mandelstam u is small, while the squared momentum transfer ¢ is typically large,
near the kinematic limit. In a collider geometry, backward production transfers the struck baryon
by many units of rapidity, in a striking similarity to baryon stopping. We explore this similarity,
and point out the similarities between the Regge theories used to model baryon stopping with those
that are used for backward production.

We then explore how backward production can be explored at higher energies than are available
at fixed target experiments, by studying production at an electron-ion collider. We calculate the
expected ep cross sections and rates, finding that the rate for backward w production is about
1/300 that of forward ws. We discuss the kinematics of backward production and consider the
detector requirements for experimental study. We demonstrate that an experiment at the proposed
U.S. Electron-Ion Collider will have the capability to detect backward-production events and may
provide a test for models of stopping in high-energy ep collisions including the baryon-junction
model.


https://arxiv.org/abs/2204.07915

Conclusions and Outlook

Vector meson production at the EIC will be an interesting reaction channel for

probing nuclear structure including shedding light on the role of Reggeon and
Pomeron exchange

u-channel measurements at the EIC can improve our understanding of mechanisms
involved in baryon stopping. This will be interesting as a control for large systems

Backwards w production requires far-forward electromagnetic calorimetry and will
likely prioritize ZDC calorimetry at 18x275 GeV

Backwards p production requires far-forward charged-particle tracking and will most
likely prioritize BO tracking system at 10x100 GeV

We should now move towards simulating these events in ECCE framework
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