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Two photon processes

Figure 22.1.1. A Feynman diagram illustrating hadron pro-
duction in two-photon collisions ete™ — eTe™ X,
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Form factors in the asymptotic region

 Belle collaboration (S. Uehara ef al.), PRD 86 (2012) 092007.
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Two-photon physics for hadron tomography

Yy — hh

H. Kawamura and S. Kumano,
Phys. Rev. D 89 (2014) 054007.

S. Kumano and Q.-T. Song,
Research in progress.
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Cross section: form factor dependence
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n = 4: molecule or tetra-quark

do

ee—ree MM 4
Oy :m;cev )
Molecule KK =2
A 0.1 Q' =10 GeV?, y=02
or tetra-quark qqqq|—
T A=1.0GeV, n=2
0.01]
w~ A=05GeV, n=2
0.001 - T~
------------------------- A=10GeV, n=4 = ~ _
" A=05GeV, n=4 H""-u.
0.0001 A . B
4 45 5 55 6 6.5 7
W? (GeV?)
A [~
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KEKB-Belle measurement = | Mm N
wa Mm_g;;j vJ Jﬁl;ﬁi-

M. Masuda ef al., Phys. Rev. D 93 (2016)( . } T e

20 4 3%“ ““i} E:}' ‘Hﬂm)i* et

2017/05/22

[
T

Belle measurements:
1 M. Masuda ef al.,
PRDO3 (2016) 032003,

W fGe‘«}

“ (Ge '«)

Q' =892, 1093 GeV*

for extracting GDAs
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Photon structure function

LA

Yamagata University

P1 = (El-..Pﬂ

G = —Q*
g = —D*
(1 +q2)* = W?

hadrons

py = (E3, py)

Figure 7: Kinematics of the two photon pro-
Cess Berger, Ch. J.Mod.Phys. 6 1023-1043

2017/05/22 ILU CUJ PR T IXAAEEI< % Y D& il Z= 23




Photon structure at ILC
| \LITE K2

Yamagata University

g * ﬁ"'-z‘{%gw'?*
© TN
G 10% & oLic(3000) . wr i PRaEeR
N + I1LG(800) 2 R e
o ' QCD Structure Function, ILC(500)
3 L L L B B
* ﬁ‘ .
' E
103
4
* 10 | 7:
+
102_‘ + 0L * # .
: - E— 1047|||\||||||||||||||||||\|||\|||\|||‘|||\||||||\|||7-
10 - 10 3 '] 0.1 0.2 0.3 0.4 0.5 0.6 07 08 0.8 1

X

Fig. 6. The hadronic photon structure function divided by the fine
structure constant as a function of x variable for the mean value of
Q? equal to 119 GeV>. The errors are statistical only.

Fig. 2. Kinematical plane (r, Q%) with simulated single-tagged
events for the case of detecting scattered electrons at the LumiCal
and BeamCal detectors.
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e+ q _ Fragmentation
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FE
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- COMPASS LI'F

e E =250 GeV
e E =500 GeV
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The Electron lon Collider

For e-N collisions at the EIC:

v' Polarized beams: e, p, d/3He

v' e beam 3-10(20) GeV

v Luminosity L, ~ 10934 cmsec’
100-1000 times HERA

v 20-~100 (140) GeV Variable CoM

For e-A collisions at the EIC:

v" Wide range in nuclei
v" Luminosity per nucleon same as e-p

v Variable center of mass energy

World’s first
Polarized electron-proton/light ion
and electron-Nucleus collider

Two proposals for realization of the
science case -

both designs use DOE'’s significant
Investments in infrastructure

ILC-N _
Ee = 125, 250, 500 GeV | “
Fixed target: p1, d1, A

L — 1033-34 Cm-2 S-1

[_ \s =16, 22, 32 GeV

\.

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that hinds us all

A U DESARTMENT GF ':'"IL:L‘ Uf —
ENERGY Sclence 'k_J A

Jefferson Lab



Electron lon Collider

2017/05

Wednesday, July 7, 16 State of EIC @ EICUG ANL

Accelerator designs....

lon Collider Ring

Ring-Ring Design

Electron Collider Ring

Bow-Tie shaped ring to
address the polarization
preservation without Siberian snakes

Electron Source

mmmmmm

V. Ptitsyn, eRHIC

Linac-Ring design
(also developing a Ring-Ring design)

Uses existing Blue Ring from RHIC
And a multi-pass 1.3 GeV ERL

\@BNL|

L \ Stony Brook Universi

Abhav Deshpande

LK%

Yamagata University
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Electron lon Collider

LK%

Yamagata University

The Detector |ldeas. .. (nottoscalel)

R. Yoshida, JLEIC WG A kise| @JLab
-

Flux-returm Flux- N - -
I coils Flux retum yoke returmn A detailed microscopic
Modular {muon chambers?) : cails Y simulation of “e/p+HCal” . -;.‘00_
SR S MITETS |y electron identification is §
sokenoid coil (1.5-3 T) = i
——— 3 PWO, In progress
EMcal (Sci-Fi) v EMcal
a
gas

If needed, the setup can be

appended at n < -1 by other
electron ID detectors g,

e,

like preshower and/or TRD g

Space for additional
muaon chambars

({top view)
Sm

o o 2m
electron endcap ::mlral barrel hadron endcap | silicon trackers | EI | GEM trackers |_ I
K. Barish

‘@BNLI llulllllllllllllllllllluu“"

HW Stony Brook University > Abhay Deshpande
BREMIZTYTIL—F
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EIC: Vs =45 GeV, 0.01 <y < 0.95

2017/05/22

G, (%, Q% [ub]

— EP05(2011)126.{ — 10

LK%

Yamagata University

[ — ILC-N (1s = 32 GeV)
=| —— ILC-N (/s =22 GeV)

COMPASS (Vs = 20 GeV)

HERMES ({s=7.2 GeV) |~

— —

107 107 -2 10~ 1
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EIC: Vs = 140 GeV, 0.01 <y < 0.95
| )i =

Yamagata University

0. (%, Q) [1b]

10°& |
; —— ILC-N (Ys =32 GeV) — ;;'._'._'.5._'_:::_.'::::;-_-_._._._____x__\ -
S| —— ILeN(s=22Gey) [ :
| —— comPass (fs=20Geyy
102 : — HERMES (\E = ?_2 ce¥) ]
- B
C\I> -
)
Q10
N
/ 1

10—1 | | IIIIII| | | IIIIII| | | IIIIII| | [ NN
107 107 -2 10~ 1
%,
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HERMES, COMPASS 35&

3

HERMES@DESY COMPASS@CERN
Pol. e+/e- in HERA e-ring Pol. p+/p-
Beam E=27.6GeV E = 160~200 GeV
e_/(',e_/",e”(',e”') +/<—,M—/-> @ 160 GeV
L-pol. H/D Aq, AG] L-pol. H/D
targe! T-pol. H |GPD-E| T-pol. H/D
U-pol. H/D | GPD-H I
U-pol. H/D U-pol. H
+ rr;coil Eﬂl + recoll
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LC-NTEETRELD S

Yamagata University

s EEIFRIMEE
« CERN-COMPASS &Y low-x, high-Q?
- E=250 GeV TlEHFEYMH ALY, (500 GeVigin(L--+)
« EIC (Vs =20~ 100 (140) GeV )
« E5FfEECOMPASSEER?
o HEIRIBIZN + BB F#EH :DVCS
« HERMES: JE{RIBIZRI+ R BkF5FHRH
« COMPASST}EFTEI(2019F LIE) >
« EFFTUVILIEE
« HERMES (Vs =7 GeV) D AIE
» Jlab (Vs = 5 GeV) T EHH )
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HERMEST®OEEE b, AlTE P =P,

e 27.6 GeV IRIBEF
o TV IURIBEZFIZERY
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Comparison with HERMES measurements

0.004-
1 MSTW2008
0.003] 21908 oo o HERMES
] ® _ ¥ 4
0.002_ CD-Bonn-2001 !I s \
119 - SD+DD , S
00011 |
11— 9
xb, 0;4.__5._.}‘ -
-0.001 )
I 02=1.0 GeV?2
-0.002- Q2 =2.5 GeV?
E IIIIIIIIQ :50(:]-9‘2
-0l003 ] T T T I T T T I T T T I T T T I T T T I T T T I T T T

0 0.2 04 0.6 038 1 1.2 14

b, (theory)| < |b,(HERMES)
at x<0.5

Standard convolution model does not

work for the deuteron tensor structure!?
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BRI LD b, B

> ILC-N: e-, 250 GeV, ~ 20 nA

{m#EDIST D AT RETE Beam: e-, 11 GeV (@Hall C), ~100 nA
Target: Pol. ND, solid target

LOI-11-003@JLab

The Deuteron Tensor Structure Function b;

A Proposal to Jefferson Lab PAC-38
(Update to LOI-11-003)

0.02

I.-P. Chen (co-spokesperson). P. Solvignon (co-spokesperson).
K. Allada. A. Camsonne, A.Deur, D. Gaskell.
M. Jones, C.Keith. S. Wood. J. Zhang
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606

3

N. Kalantarians (co-spokesperson). O. Rondon (co-spokesperson)
Donald Crabb. Donal B. Day. Hovhannes Baghdasaryan, Charles Hanretty
Richard Lindgren, Blaine Norum. Zhihong Ye, X.Zheng
University of Virginia, Charlottesville, VA 22903

-3/2 A

K. Slifer!(co-spokesperson). A. Atkins, T. Badman.
J. Calarco. J. Dawson, J. Maxwell, S.Phillips. R. Zielinski e Hermes \

University of New Hampshire, Durham, NH 03861 —— = KUIMATIO (1]0 6 qba]')\\
T

-0.02 - ——— Kumano (5, gbar) "'\

J. Dumne. D. Dutta

Mississippi State University, Mississippi State, MS 39762 = SargSIa'n (\/'N)
===« Sargsian (LC)
G.Ron = A projected HMS
Hebrew University of Jerusalem, Jerusalem u pI'OJl ecte d S:HIVIS
W. Bertozzi, S. Gilad. J. Huang -0.04 | L | L | | |

A. Kelleher, V. Sulkosky
Massachusetts Institute of Technology, Cambridge, MA 02139
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* %FEEWR
» “N—RUTICERBNAFOVREEE D EAR
* BRRIGN—FUEELBIEICL S Z AR
~ RIFEEREL
- BFETFER
- BF-BEFHER
* ILCTO#%F/\FOVRANEREERZ
. ZHFiBEE
- Transition Form Factor, Generalized Distribution Amplitude,
Photon Structure

* [EERRY
- EICED#HE: ElsFTUVILEE?
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