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Outline

e Introducing the backward angle physics:

o What is backward angle physics?
o How do we access it?
o Why do we want to study it?

e Theory interpretation to the u-channel physics observables
e List of plan tasks during for the post-doc award

e Measure of success

e Progress so far



Backward-angle structure of Atom
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e Forward scattered alpha particle: extracting the interaction
radius of the nucleus and mapping out the transverse
structure of the atom (mostly empty)

e Recoiling alpha particle: stiffness of the “point-like”
structure.

e Full structure must incorporate both forward angle and backward
angle observables.




Structure of Proton
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Hadronic Model: Transition (Evolution) of Proton Structure

|- = .
: e Physical parameters:

’Y* Vector Meson I Vector Meson © ln X’ W (or S)’ QZ’ t’ u

A | .
gii?iﬁlfed I A [ ) X EVOlUthn :

I o  Parton momentum fraction: 0.2-0.3

proton proton valence quark distribution is pronounced
|

o Dictate if a process is in the
resonance region

quarks

exchanged
particle

e Q72 Evolution

|
|
|
|
|
|
|
@b - - - 1 y1® WEvolution:
|
|
|
|
|
|
|

A o  Wavelength of the probe, or resolving
power
e el e e tEvolution
$ < . o Inversely related to the Impact
parameter b
Evolution of the
Proton Structure e \What about u? Any role? 5



t-Channel 17 vs u-Channel w° Production
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Fpi-2 (E01-004) 2003
m Spokesperson: Garth Huber, Henk Blok
m Standard HMS and SOS (e) configuration

m Electric form factor of charged mr through
exclusive T production

Primary reaction for Fpi-2
m  p(e e’m)n

In addition, we have for free
m  p(ee’p)w

Kinematics coverage

s W=2.21GeV, Q*=1.6 and 2.45 GeV?
m Two € settings for each Q?

LT Separation!



Backward Angle w Electroproduction from 6 GeV Era
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Backward Angle w Electroproduction from 6 GeV Era

141516171819221222
Q? [GeV?]
-u=-umin |

O

O

O

Key observation:

| 1
141516 171819 2 21 2223|
Q% [GeV?|
-U_-umin

do 2
ot [ub/GEV |
o

\ Q%=1.75 GeV

Al

Ly +p » p+o, W =248 GeV, Q% = 1.75 GeV? oz i y +p 2 p+w, W=2.47 GeV, Q% =2.35 GeV?

K4

4 Q%=2.35GeV? .

Y
N 4 M 7

— JML18 \. / N /
1072 ‘{ L \ /
== JMLO4 i 3
i s/
® CLAS 2 .
X Fpi-2 (Scaled) Yoy )
== TDA COZ b8
.
10—3_TDAKS i PRI I B NS N RS AR R SN SREE SR
0 1 2 3 4 5 ) 1 2 3 4 5 6
-t [GeV?]

Phys. Rev. Lett. 123 (2019) 182501

o, dropped significantly as question of Q@?, as a result: o, > 6, observed at Q?~2.35 GeV?
Sharp u-channel w Electroproduction peaks are observed at both 1.75 and 2.35 GeV?
Forward-backward ratio is 10:1!



The Regge Approach (Soft structure)

do/dt (ub/GeV?)
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Unitarity cut in u-channel

Images credit to J-M. Laget

Nucleon pole
Exchange diagram

Additional p re-scattering
within nucleon diagrams

Regge Study by J-M. Laget in 2018

Key findings:
o Nucleon pole contribution along could not explain the sharply rising
slop at -t = -t

max ®

o  p re-scattering within nucleon diagrams is required
o  Work is in progress. LIT separation study was not attempted.

Another Regge effort from Be-Geel Yu is also work in
progress. Attempting the L/T separation prediction.



GPD, SPD and TDA (Hard structure)
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Complete description of Nucleon

e GPD: is like a hadron tomography of the proton. It is extracted predominately based the forward angle
observables.

e SPD: Skewed Parton Distribution. Discovered Frankfurt and Strikman in 2003. Hadron tomography of the
proton at large skewness. At extreme skewness, known as the Super SPD.

e TDA: meson-nucleon Transition Distribution Amplitude (TDA), similar to super SPD. Rediscovered by B.
Pire, and L Szymanowski and K Semenov-Tian-Shansky.. Tomography of partonic distributions in the
nucleon --> meson and vice versa transitions probed in the backward angle kinematics 10



Validation of TDA or u-Channel Factorization Scheme
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Two qualitative predictions from TDA:
e ¢,~1/Q° scaling behavior
® 0,.>0,0~ 0

Three phases of validating TDA with JLab 12 GeV meson
electroproduction :
e Stage 0: find u-channel peaks for all mesons (12 GeV)
e Stage 1: test TDA predictions (12 GeV)
e Stage 2: extractions of TDAs
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Upcoming PAC 48 proposal
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JSA Award List of Tasks

Invite Dr. K. Semenov-Tian-Shansky (as a

TDA expert) for a research visit to deepen
discussion in u-channel physics

Developing coherent and comprehensive
12 GeV strategy

o  Priorities list of prime observables: takes into
account realistic constrains and avalaible
resources

o  u-channel DVCS: kinematics survey

o  Supporting more single pion beam spin
assymmetries development from CLAS

TDA cross section predictions 12 GeV and
EIC kinematics

Hosting first u-channel physics workshop

Measure of Success:

e Completing and publishing the workshop
white paper on the backward angle physics
strategy for JLab 12 GeV.

e Completing and publishing the EIC
backward-angle #° feasibility study (work in
progress).

e Completing the relevent section in Yellow
report (work in progress).

e Presenting PAC48 proposal (submitted to
PAC).

12




JLab 12 GeV to EIC Transition: u-channel z° production

TDA @ PANDA
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The PANDA Collaboration, Eur. Phys. J. A (2015) 51: 107
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Progress Report on PAC 48 Proposal: Backward-angle z°
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First dedicated u-channel electroproduction study

above the resonance region: "H(e,e’p)n®
e (Q?coverage: 2.0 < Q?<6.25 GeV?*
o x=0.36
e wucoverage: 0 <-u' < 0.5 GeV?

Submitted to PAC 48!

Objective:

e Study soft-hard transition

e Validating TDA

14



Progress Report on u-channel z° @ EIC

32 m from IR
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ZDC

Proton

electron

6 <5.5 mrad About4.0mradate ~m
Roman Pots 0.0< 0 <5.0mrad Need 100 cut.
Off-Momentum Detectors 0.0< 0 <5.0mrad Roughly .4<x, <.6

BO Sensors 5.5< 6 < 20.0 mrad Still need to optimize.

6> W axp  Oo Ner P. Oy My By B0 ngo | Pro —t —u

(GeV?) (GeV) (deg) (GeV) (deg) (GeV) (deg) (GeV) [(GeV?) |(GeV?) U'=0 GeV

6.2 3.19 152 -1.39 531 -1.84 4.13 4340 143 4.38| 5629 | 14.84 | -0.37

7.0 3.19 150 -1.32 535 -1.92 4.09 4550 143 4.38| 54.12 | 16.19 | -0.39

8.2 3.19 148 -1.24 540 -1.85 4.12 49.74 143 4.38| 49.84 | 16.80 | -0.42

9.3 3.19 146 -1.19 546 -1.92 4.09 5190 143 438 47.60 | 18.19 | -0.44

10.5 3.19 144 -1.12 552 -1.94 4.07 5496 143 4.38| 44.50 | 19.32 | -0.47 15




Progress Report on u-channel z° @ EIC
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Progress Report: First u-channel Physics Workshop

Thanks to the suppot from JLab, JSA and William & Mary, workshop is on track for Seprember 21st-23rd, 2020.

O Indico page of the workshop: https://www.jlab.org/indico/event/375
O

The workshop have representatives from all four halls, from JLab 6, 12 GeV, PANDA and EIC
o u-channel electroproduction examples at 12 GeV
[ Backward DVCS (Hall B, C)
[ CLAS 12 single pion spin assymmetry (Hall B)
L] U-channel meson production (omega, rho, phi) production from Kaon LT experiment (Hall C)
o u-channel photoproduction examples at 12 GeV
m  Timelike Compton scattering (Hall B, C and D)
Wide angle compton scattering (Hall C)
w Photoproduction off Proton Target at Backward Angles (Hall D)
2-K+ Photoproduction at Backward Angle at GlueX Experiment (Hall D)
w Photoproduction off Proton Target at Backward Angles (Hall D)
o  Theory prospective:
[ Meson-Nucleon Transition Distribution Amplitude
] Photon-nucleon together with meson-nucleon TDAs
L] Skewed Parton Distribution
[ u-channel Regge Approach
o  Future prospective of u-channel physics
m  u-channel #° production at EIC
] Studying TDA with pp — e+e—+x° at the PANDA Experiment

A summary whitepaper is planned: outlining the JLab 12 GeV to EIC u-channel physics strategy

17


https://www.jlab.org/indico/event/375

A Lesson from the Past

G. Laveissiére et al. Phys. Rev. C 79, 015201| 5 F. W. Brasse et. al. Z Phys C22 (1984) 33 M. Da':"(“ ;’t al. Phys. Rev. C 80, 015205 (2008)
(2008 - ' g (@ B
: - W<2GeV W L H(e, e ') X| | 2
C O (a) 2000 - resonance , - 20
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S 1500 L o b 5” i .
> f T PE' 0.1 92 ;éo.\s};] 04 05
Y - ] % e
S 50 | 1000 | ; Hall C E01-002
Ha" A VCS E93-050 <o _ h‘“"”]_n‘_\qb'r““ _ P. :Ir::(:rozwiczPhys. Rev. C 70, 035203 (2004)
: L‘L : g 10000 'H(e,e‘p)x
Hall C VCS: E12-15-001 o & el 2% o 3 : ] 3™
-0.2 0.4 0.6 b fa] 9 6000
i, [ev?] - )
U'Channel meson spectral at DESY 07 0.5 06 0.7 Ufss' ;;Mcssr(cev)
spectrometer experiment from 1984 Hall C E91-016

m Now is the time to resurrect u-channel meson productions at 12 GeV kinematics
and future EIC.

m Goal of our activity: to inspire a wave of backward-angle physics measurements g



Thank you for your attention!

lllustration: Hans Mgller, mollers.dk

Forward > Backward
angle -t evolution angle

| think this guy
is “right” !
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Thank you for the supports

Gratitude to the JSA, JLUO award selection committee,
Gratitude to Garth and Justin guidance, advance and support

Gratitude to the TDA theorist: Bernard, Lech and Kirill, and assistance
from JLab theory center: Christian

Thanks to my Hall A/C, CLAS TDA working group and Hall D colleagues
My people from the postdocs and graduate students community

Great support from William and Mary Physics department
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Backward-angle structure of Proton

Meson-nucleon Transition Distribution AmplitudeA(TDA)

v 24
electron >\( .

e Complete description of Nucleon
o GPD = Hadron tomography of the proton
o TDA =tomography of partonic distributions in the nucleon
--> meson and vice versa transitions probed in the backward
angle kinematics
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e Backward-angle cross section is not 0! L "
o backward angle cross section is 1/10 of the forward angle S seaten) E
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6 GeV Bac<ward Angle PhyS|cs at W > 2 GeV
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’ x=0.9386 Tt pE '+
1000 ]
m;fil:z oo M""—'ln\\qb’r_n _E , 06 07 0,75 Oy 003
o i %) ) [ ] H(e, e’p)X
1 . L o o i
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e Q?Scaling

g.
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e Full L/T separation

m Backward angle physics in this talk: backward angle physics above the resonance

region (W>2 GeV?)

m U->u ., t>Q?

min’

m A systematic backward angle physics program:
m JLab6 ->JLab 12 ->EIC
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Comprison to TDA calcu

"E W=2.21 GeV, Q?=1.6 GeV
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TDA Calculation by B. Pire, K. Semenov, L. Szymanowski,
Private Communication. (2015)
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e Hall B charged TU production
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al Phy5|cs Letters B
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Indication of early TDA scaling !?
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Impact to the efficiency

Peak for two photon seperation (cm)

double_photon_efficiency
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Physics background (to our current best knowledge)

e Double photon case:
o  Primary reaction: e+p-> e’+p’ + a° 2 v hit parttern wi
o ldeal expected trigger: e'+p’+ 2 y i
o  Physics background: none 40 GeV/c &° 07
o Less than ideal trigger: €'+2 y 4.5 mrad acceptance ™}
o Background: A->n+x? =t
e Single photon case:

20 400

. . . _ ’ ) 0
o Primary reaction: etp->e'+p’ + & 2 v hit parttern o

o ldeal expected trigger: e’'+p’+ vy i
H . 0 o 250
o Ehy3|shbac?l;grc7ur?d. DVCS, eta, A->n+x 60 GeV/c z° : -
. l+ 10j 150
° Lessthanidealtrigger:e+y 4.5 mrad acceptance :
o Background: many many possibility 2 "

Covw o Lo b b Ly
=30 -20 -10 0 10 20 30

e \We can use the double photon event to normalize the single photon events

26



U-Channel Meson PrOdUCtlon Setup 12; ElectronMomentumvsTheta(‘[L=10fb'1)
: 8;*
o= No issue will detection
5
e’ ]
b
100 GeV 1 x° L R——— |
Pt 108—6—4—20246810
roton s = __5GeV  Q? vs S intentionally oA (55)
— — electron constraint .

Proton Momentum vs Theta (J.L=10 ')

50—
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,resolution
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6.2 3.19 152 -1.39 531 -1.84 4.13 4340 143 438 56.29 14.84 -0.37 40§ZDC acceptance isan | -

7.0 3.19 150 -1.32 535 -192 4.09 4550 143 438 54.12 16.19 -0.39 30§iSSUG

8.2 3.19 148 -1.24 540 -1.85 4.12 49.74 143 438 49.84 1680 -042 20;_

9.3 3.19 146 -1.19 546 -1.92 409 5190 143 438 4760 18.19 -044 101

10.5 3.19 144 -1.12 552 -1.94 4.07 5496 143 438 4450 19.32 -047 o S I E ' 27
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New Proposal to PAC 48 on Backward-angle z° Production

W(GeV)

First dedicated u-channel electroproduction study
above the resonance region
e 'H(eep)n®
e Q?coverage: 2.0 < Q?<6.25 GeV?
e L/T separation at Q°= 2.0, 3.0, 4.0 and 5.0 GeV?
e Fixed x=0.36 for all settings
e ucoverage: 0 <-u <0.5GeV?
" e Q°=200GeV?
- y = = Q°=3.00 GeV®
o Wi - E e, 8 GG
3:—‘ \\02=6.25(§ev2 : [] : g * « Q2=6:25GeV2
: b g O S
25/ . § Q" =5 GeV & 10 4 5 .
- & . Q*=4GeV? ; ! 1 I
i z r t
s Q*=2GeV? 0l i i i i { :
1 L ‘ T | | ! TR N S \|\||T*
1 2 3 4 5 6 oz(eev2$ 0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8

u+05(GeV?)



New Proposal to PAC 48 on Backward-angle z° Producrtion

Missing mass 2 S B
2 :Zg 10 3 T 425 “’i
3 E 8w, 00| s or < 1/Q b
1 ' B A csToc1/OS75 8-
10 1 WW . ; 1 al
102 o) o L
10 U= [
i e 4
10°% o I ."0 = r 8 I g -~ 0
- Hl?'i'" B oves-en : 0'-’- < 1/Q { T g
e 0 - " ” OOBM"'ZGEV(;J 1075~ 2[ = ‘2!5' = ?‘, = '3{5' = 'AI,‘ = '4{5' = 5|3 55 ?;2‘2‘523‘514‘5155
Q%= 4 GeV?, W=2.8 GeV, x=0.36 & (Gev?)
Experiment objective ‘
1. Demonstrate existence of u-channel peaks ok l
2. u-dependence of L/T seperated cross sectio "o domination
3. If peaks exist, test TDA prediction: a; > @, g0
8 gls 105— ““““““““““““““““““““
4. Ife,.>0,testo,c1/Q : ;
We are pleased to report the proposal was submitted to PAC 48 '




7° Events on ZDC
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Budget & Measure of Success

Planned Budget (in the proposal):
e | Dr. Kirill Semonov-Tian-Shansky’s |
. research trip to WM :
| Accommodation: $ 3000
Airfare: $1600
Visa application: $ 800
o Transportation: $ 600

Reciuire

o O O

e Participating conferences (Bill and Kirill):

3000

e Computational equipment (storage hard

drives): $ 900

e Office space is provided by WM in kind

re-evaluation

Measure of Success:

PAC48 proposal on backward-angle pi0
production avoce the resonance region
(submitted to PAC).

Hosting u-channel physics workshop and
completing a white paper on the backward
angle physics strategy for JLab 12 GeV.

Completing and publishing the EIC
backward-angle pi0 feasibility study (work in
progress).

Completing the pi0 u-channel pi0 production
section in Yellow report (work in progress). 3




Mandelstam variables (s,t,u-Channels)

a (p1) c (ps3) e t Four-momentum-transfer squared between target
Projectile before and after interaction. ,
Before gzoat%tminau%umamat<Q

e u: Four-momentum-transfer squared between virtual
photon before interaction and target after
interaction 5

é’: Lt = thae, U = Upin,t > Q

e t-channel: -t ~ 0, after interaction
o Target: stationary,
o Meson: forward

Target Before e u-channel: -u~0, after interaction

o Target: forward

b (p2) d (p1) o Meson: stationary
s =(p1 +p2)? = (p3 + pa)? o Disclaimer: “Backward physics” is a marketing
term, and it is equilent to u-channel physics
t =(p1 — p3)? = (p2 — pa)? o Equivelent to “extremely large momentum
transfer”

u =(p1 — pa)” = (p2 — p3)’ 32



List of Tasks for the JSA Award

e Knowledge exchange within in theory

community (K)

o Inspire more collabration between local and european
experts on u-channel physics

e Developing coherent and comprehensive 12
GeV stratagy (K+B)

o  Priorities list of prime observables: takes into account
realistic constains and avalaible resources (K+B)

o u-channel DVCS: kinematics survey (B)

o  Supporting more single pion beam spin assymmetries
development from CLAS (K)

e TDA cross section predictions 12 GeV and EIC
kinmatics (K)

e Hosting first u-channel physics workshop (B)

What channel is more important?

or >0,  1/Q8 Scaling

0 O O
7wt vV
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Strategy Based on TDA, SPD
and Regge approach




