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J-PARC

Japan Proton Accelerator Research Complex
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High momentum beam is now
available at J-PARC |

Hadron

ta rget for Switch Yard

J-PARC Main Ring 20 beamline
: Branch_ing Point
< W&“Ms&-’_g' i - o]
. * ¢ e
. U}

2020- : primary proton beam (30 GeV)

202X- : positive/negative high momentum
secondary beam

n20 beamline

.-

Counts/sec

Experiments with middle-large Q? at J-PARC

Experimental Facility

f{.,t /K p<2 GeV/c

| -

u—— - 5
i “~ : B
i 3
F=
¥ o, 1T

1 -, S

o ) A
» -

uﬂ High momentum

S beam line
.
1.0E+09
1.0E+08 T
e

1.0E+07 /
1.0E+06 / \{
1.0E+05 ,I / / PN
1.0E+04 ,/ // bar
1.0E+03

0 5 10 15 20

[GeV/c]
3



Experimental ideas at J-PARC

High intensity proton beam (10 protons/spill, 30 GeV)
Wide momentum secondary beam (rt/K/p, 2-20 GeV/c)
Hadron beam at p~O(10 GeV/c) = Not explored much
large cross section in exclusive reactions
Multi purpose spectrometer for 20 beamline is under preparation

30 GeV proton beam

 GPDs measurement with p+p—>p+m+B reaction (ub)
* Drell-Yan measurements (nb)

Positive secondary beam (<20 GeV/c)
e Color transparency search (nb-pb, depends on momentum)

Negative secondary beam (<20 GeV/c)
e 1/Kinduced Drell-Yan (nb)

e Exclusive Drell-Yan (pb)




Generalized Parton Distributions
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Forward limit : 1D Parton Distribution Functions aﬂfl'goif

1t moments: Form Factor

2"9moments: Total Angular Momenta > Spin
Gravitational Form Factor » Mass
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: Measurement in different reactions and
Global analysis | in different kinematics is important 5




Reactions for GPDs measurements

Space-like PRD 86 031502(R) (2012)
Deeply Virtual Compton Scattering (DVCS) Time-like Compton Scattering (TCS)
0
0 Y i

q%<0

¥ 15t measurement
reported in 2021

CLAS, PRL 127 (2021) 262501
A

Factorization proved Not proved

First measurement of
exclusive DY at J-PARC ©



p+p—>N+m+B

S. Kumano et al., PRD 80 074003 (2009)
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* Novel idea to measure GPDs with hadron reactions
e Access to ERBL region which cannot be accessed with DIS reactions



Current status o

30 GeV proton beam eam micro structure
. : : : I Ideal case
10%%/spill beam is delivered beam flat in 2.cec)
e Problems in beam spill structure Intensity
* Physics run starts soon T time
* E16 experiment (O meson in nucleus) reality ...
e 2020,2021 : runOa-0Oc
e 2022 :Main Ring upgrade
e 2023: Fire accidents, runOd

f the high-p beamline

S. Yokkaichi, 3rd J-PARC HEF-ex WS

Secondary beam (1120 beamline)

< 2GeV/c K beam
= hypernuclei

Hadron Experimental Facility Extension

1.1GeV/c K beam

* Budget request within
Hadron Hall extension plan
 Hadron Hall extension was

selected as the top priority
in the KEK mid-term plan
(KEK-P1P2022-2027)

Expand research programs at the
Hadron Experimental Facility to explore
Origin & Evolution of Matter more deeply

’ Kaonic nuclei

<10GeV/c K beam
Q) spectroscopy

K10
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@ | intense K° beam
K - nvv

high-intensity and high-resolution © beam
super-precision A hypernuclear spectroscopy 1,

Extended K1.8BR L =
N N ~— T e
i \ b 1.1GeV/c K beam
* +1 new production target =
(T2) ¥ . o o , ; ngh -p (n20) N scattering /
* +4 new beamlines arg t B e ;}_ ,. <20GeV/c 7 beam T-violation
(HIR Ir /i K2 K1) ;t:."*-“-'i:;)" N &- A/Z spectroscopy

* +2 updated beamlines CONET »~

(High-p (m20), Test-BL) 8




p+p—-> N+m+Breaction

S. Kumano, MDPI
Physics 4 565 (2022)

Kinematical
requirements

for factorization
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Expected cross section

do/dtdt' (pb/GeV4)
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S. Kumano et al.,

. PRD 80 074003 (2009)

* 5ub/GeV4 10%/spill, 2 cm LH2, acc X eff =5% = 107 /day/GeV*
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+ Kinematics
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prpop+r+n| POSSible setup
p

Missing mass
* Good resolution is not required

e pbeam: momentum spread
~0.05% => no momentum
measurement

n+

Gas Cherenkov

Fiber Tracker

LH2
target

* ES5O0 fiber tracker: 0.6% @ 15 GeV/c Charge veto

p/T separation
e @Gas Cherenkov

Multiplicity cut
Liquid hydrogen target
FM magnet

JAM simulation
= Clear identification of n peak
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Exclusive Drell-Yan

Exclusive Drell-Yan , ut
T+p >y +n > pr +u +n n v "
do_L _4I"ragm IZ ) I\ | ypdu 7~ 2
| = e (- f d
) ) . plu ujln
—28Re(H™(X.£.0)[ E"(X.6.0) - & —|E™(.4.1) 2] d d
NI

Larger cross section @ lower momentum

Experimental feasibility study :
T. Sawada et al., PRD 93 (2016) 114034

Lol submitted

Proposal under preparation

(W.C. Chang, Po-Ju Lin, Po-Hung Wang
(Academia Sinica))

E.R. Berger et al., PLB 523 (2001) 265



ES0 Spectrometer for m20 beamline

W ID detectors * Multi purpose
u*  E50 (Charmed Baryon
TOF-RPC Spectroscopy)
LH, target Ty * E79,E97, etc...

AZP/' ‘

* New generation
FM X4 S

S\ * Streaming DAQ
A I * MPPCs

* PID @ <20 GeV/c
7 Absorber * High rate (108 Hz beam)
Beam ™ / & TOF :
\|
Fiber tracker

RICH

Construction on-going
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Exclusive Drell-Yan measurement
Exclusive Drell-Yan wp—y*n—pupun

Inclusive Drell-Yan TP—Y*X—p X
Small cross section (~¥pb) & Large hadron background (~*mb)

‘ (CERN) Our setu
Usual DY experimental set up el P
High intensity [ -/j/»
hadron beam 1T I T
: —o=r
target S —|—{L target T -
tiple — i - er '
Multiple _ tracker
scattering Hadron Tracker 1D
~ absorber Momentum analysis @

Bad momentum resolution @ tracker upstream of absorber

- -

Bad missing mass resolution Good missing mass resolution

= e

Only inclusive measurement 1t measurement of exclusive reaction



Events (/0.03 GeV)

Exclusive Drell-Yan measurement

Expected Missing Mass Spectra (50 days)| Lo2wadaetal,

PRD 93 (2016) 114034
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Clear identification of exclusive Drell-Yan events

Events (/0.03 GeV)

20 GeV/c
100 — Total P =20 GeV
---- Exclusive DY
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MC simulation with the latest spectrometer setup and
optimization of the absorber thickness is on-going

Multiplicity cut can be applied additionally




Summary

High momentum proton beam is now available at J-PARC
Secondary high momentum beam will be available

Study nucleon structure @ J-PARC
GPDs measurement with

30 GeV proton beam
*  p+p—>p+1+B (ub)

Negative secondary beam (<20 GeV/c)

e Exclusive Drell-Yan (pb)
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