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Outline

* High-momentum beamline at J-PARC

* Physics processes:
* Charm and strangeness production
e Hard exclusive process
e Exclusive Drell-Yan process

e Summary & Remarks



Mass of Composite Systems

atom atomic nucleus 1014 m nucleon
1019 m 10> m

I\/IzZmi MzZmi I\/I»mi
binding energy binding energy
effect = 108 effect ~ 10°3

nucleon: mass not determined by sum of constituent masses
m = E/c?, “mass without mass“ (Wilczek)
mass given by energy stored in motion of quarks
and by energy in colour gluon fields




Topological Charge Density of Gluon Field

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/ChargeAPE5LQanimXs30.gif



http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/OriginMass/index.html
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Proton Structure Function
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Hadron Experimental Facility (HEF)

Lines

K1.8 Hypernuclei, n, K, p (2 separators) <2.0GeV/c ~10°Hz for K*
Hadron Physics with S

K1.8BR Hadron Physics with S 7, K, p (1 separator) <1.0GeV/c ~10%Hz for K*

K1.1BR Lepton Flavor violation 7, K, p (1 separator) <1.1GeV/c ~10%Hzfor K*

KL Neutral K rare decay Neural Kaon ~ 2 GeVic ~106 Hz

Intense Kaon Beam in the momentum range of ~ 1 Ge\//ic8




New Primary Proton Beam Line

* New primary Proton Beam Line

= High-momentum BL + COMET BL = has '
been funded and the construction started. . f]ﬂ EE]’
2
. Gl
Separation High-p
MJ,,”, ool Lo LAl opui |1 T
== L 2 -
‘ F‘V///[/I -
= High-momentum Beam Line .
— Primary protons (~101° — 1012pps) -1+ 1 COME
 E16 (¢ meson) is considered to be T
the first experiment. m COMET
— Unseparated secondary particles («,K, p,...) — Search for u to e conversion
 High-resolution secondary beam by — 8 GeV, 50 kW protons
adding several quadrupole and — Branch from the high-momentum BL
sextupole magnets. — Annex building is being built at the

south side.



J-PARC High-momentum Beam Line
(Hi-P BL)

* High-intensity secondary Pion beam
* High-resolution beam: Ap/p ~ 0.1%
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Counts/sec

J-PARC High-momentum Beam Line
(Hi-P BL)

* High-intensity secondary Pion beam

* High-resolution beam: Ap/p ~ 0.1%
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* Sanford-Wang: 15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m
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http://www-conf.kek.jp/hadronl/j-parc-hm-2013/

KEK theory center workshop on
Hadron physics with high—momentum hadron beams at J-PARC in 2013

Kobayashi Hall, 1st Floor, Kenkyu—Honkan (15th, 18th)
Seminar Hall, 1st Floor, 3rd buildling (16th, 17th)

MENU

® st circular

® 2nd circular

® Program (slides)

#® Participants

® Location: KEK o : ‘!!" I“lng:-.: .

® Kenkyu—Honkan
(Mo1)

® Kobayashi Hall
® Lounge

for banquet
® Seminar Hall

® Visitor nformation
{English)

@ Visitor nformation
(Japanese,

® How to reach KEK
(General guide)

® Bus/taxi to KEK
{Our original guide)

® to Urban hotel
(Our original guide)

® KEK restaurant hours
® Nearby restaurants

[Updatel
2012.08.09

M9 1120



http://www-conf.kek.jp/hadron1/j-parc-hm-2013/

http://research.kek.jp/group/hadron10/j-parc-hm-2015/

KEK theory center workshop on
Hadron physics with high-momentum hadron beams at J-PARC in 2015

Kobayashi Hall, 1st Floor, Kenkyu-Honkan
March 13 - 16, 2015, KEK, Tsukuba, Japan

® Previous workshop
(2013)

® 1st circular
® 2nd circular

® Program [slides]
o Participant list

® Location: KEK

® Kenkyvu-Honkan
(MO1)

® Kobayashi Hall

o Coffee lounge

® Meeting room 1

o Visitor information
(English)
o Visitor information
(Japanese)
® How to reach KEK
® From Narita/Haneda
airports

® KEK restaurant

o KEK Cafeteria

o KEK Cafe Prime

® Nearby restaurants
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http://research.kek.jp/group/hadron10/j-parc-hm-2015/

Physics Programs

« Charm and Strange production

« Hard exclusive process

— Exclusive A(1405) production at large angles
« Valence quark structure of A(1405)

* Drell-Yan process

— Exclusive pion-induced Drell-Yan
« GPD of proton
* Pion DA

— Inclusive pion-induced Drell-Yan:
e d(x)/u(x) at large X
 Violation of Lam-Tung relation, BM functions
* Pion PDF

14






Charmed Baryon Spectroscopy
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http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Noumi-2015-03-15.pdf

Di-quark Correlation in Heavy-
guark systems

Spin-dep. Int.

H. Noumi, KEK workshop 2015



http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Noumi-2015-03-15.pdf

J-PARC E50

Stage-1 approved by J-PARC PAC-18, August 12, 2014.

: *-) y ¥+
Inclusive p(77,D*) Y, Cross Section:

p(7,D*p)D° 6 (A4, ~ 1 nb (no meas.)
(PO AY,)

* <(D”(Yc')

Acceptance:

~ 60% for D*,
~ 80% for decay "

Resolution:
Ap/p~0.2% at ~5 GeV/c
(Rigidity: ~2.1 Tm)

H. Noumi, KEK workshop 2015
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http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Noumi-2015-03-15.pdf

= Baryon Spectroscopy (LOl)

= Baryon Spectroscopy with High-momentum Secondary Beam

M. Naruki and K. Shirotori
Department of Physics, Kyoto University, Kyoto, 606-8502, Japan and

Research Center for Nuclear Physics (RCNP), 10-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan

(Dated: April 14, 2014)

We express our interest in performing the = baryon spectroscopy with high-momentum secondary
beams. The experimental information on the excited states of = baryon is largely lacking. The

physics cases and possibilities to investigate =

* states using the high-momentum beam line is dis-

cussed. The enough sensitivity is expected to determine the excited state up to 2 GeV/c* sys-
tematically with a reasonable beam time in both kaon and 7 induced reactions. The high intense
secondary beam provide an opportunity to investigate an unknown field of =* baryons.

Reaction o [pb]|Beam [/spill] | B.R.| Acceptance [%]| YTotal |Y Decay/bin
1.0 108 1.0 50 3.1x10°| 2500
1.0 10° 0.23 50 0.7x10° 580
1.0 106 0.67 50 2.1x10%| 1700
0.1 107 0.67 50 3.1x10%| 2500

19






Quark Structure of Exotic Hadrons

T. Hyodo, NSTAR 2015

| Exotic structure of hadrons

Various excitations of baryons

energy

conventional exotic

A
© &
g
Tintemal multiquark  hadronic
excitation =% molecule
dq pair
@ creation

Physical state: superposition of 3q, 5q, MB, ...

| A(1405) ) = Nag| uds ) + Ns,|uds q7) + Ngn| KN ) + -

21


http://www.rcnp.osaka-u.ac.jp/~nstar15/talks/26_C1/26_C1_Hyodo.pdf

A(1405)

e J. Hall et al. [PRL 114, 132002 (2015); 1411.3402]:
Lattice QCD, KNmolecule.

» T. Sekihara and S. Kumano [PRC 89, 025202 (2014);
1311.4637]: radiative decay for determining the
compositeness.

* [. Roca and E. Oset [PRC 87, 055201 (2013); 1301.5741]:
Two-pole structures, KN and 2.

* T. Hyodo [Int. J. Mod. Phys. A, 28, 1330045 (2013);
1310.1176]: compositeness property.

» T. Sekihara et al. [Phys.Rev.C83:055202(2011 (;
1012.3232]: meson-baryon coupled-channels chiral
dynamics, KNmolecule.

Production from different channels, decay,

size and medium effect... 29



Large-angle (Hard) Exclusive Process

a+b-c+d
H. Kawamura et al., PRD 88, 034010 (2013)

a o
| do ;.
\ / a> Cd Z |Mab—w:d|

dt 16782

s, [t| O m?(i=a,b,c,d)

! Mﬂf}—*fﬂ'

X “Na = f ldxalldxp ldx N dxgld e ([x Db allxa))
] X Hﬂh—*cd{[ﬂra ]r [J‘-b]* [J‘-c]r [J‘-d]r Qz)gba([*‘-a])gbh([};h ])*

Gluon propagator  External quarks
. |
!}E [Mah—*cd] - [

l Pnﬁ] _ [ l ]
i HPZ)HH_' pr/2-2 n/2=2 |

9% Quark propagator

ny

Leading and connected Feynman diagrams 23



Large-angle (Hard) Exclusive Process

a+b-c+d
H. Kawamura et al., PRD 88, 034010 (2013)
dﬂ'ﬂh—*cd
dt  167s2 ZlMﬂb_}Cdl '

s, [t| O m?(i=a,b,c,d)
Mﬂf}—*fﬂ'

= _I-[dxﬂ][dlh][dlc][d}fd]gbf([A'._n])ﬁb d([x4])
] X Hﬂh—*cd{[ﬂra ]r [J‘-b]* [J‘-c]r [J‘-d]r Qz)gba([*‘-a])gbh([};h ])*

Gluon propagator  External quarks
. |
!}E [Mah—*cd] - [

l Pnﬁ] _ [ l ]
i HPZ)HH_' pr/2-2 n/2=2 |

9% Quark propagator

ny

Leading and connected Feynman diagrams 24



s’do / dt [107 nb GeV'?]

Constituent-Counting Rule in Hard Exclusive Process

H. Kawamura et al.,

PRD 88, 034010 (2013)

do 1
—(@+b—->c+d)=—=1(6,,) Nn=n,+n,+n, +n,
dt
n= 1+3+2+3 7 N=2+3+2+3=8
7/+p—>7z +n 7z+p—>K + A
: 12 : : :
Flscher(70) —=— Fit to Exp data — B1nford(69) ——
Clifft ('74) —— | 10 | Bertanza (62) —— Knasel ('75) |
Anderson ('76) —0— '_'> Yoder ('63) —— Baker ('78) ——
Fujii (77) —— | 3 gl Goussu ('66) —6—  Saxon ('80) —— |
Zhu ('05) —y— o Dahl ('67) —— ®
Dugger ('09) —A— 03' W
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= 04 "éﬁ%
T 4 A/
A : \b mv *
4 "O .
00 2+
v T T
Il Il Il Il Il 0 1 1 1 1 1 1 1
1.5 2 25 3 35 4 16 17 18 19 2 21 22 23 24 25
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Valence-Quark Degrees of A(1405)

H. Kawamura et al., PRD 88, 034010 (2013)
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http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Sekihara-2015-03-15.pdf
http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Sekihara-2015-03-15.pdf

Uniqueness of hadron physics
studied at Hi-P BL of J-PARC

* The beam energy of hadrons at J-PARC at 5-15 GeV
(/s = 3 — 5.5 GeV) is most ideal for studying the
hard exclusive processes and discerning the
qguark-hadron transition in the strong interaction.

e Valance-like partonic degrees of freedom of hadrons

could be discerned, compared to the collisions at low-
energy regime.

* Reasonably large cross sections, compared to those at
higher energies.

27






Origin of Proton Spin

29

AV CLR L

up-Quark

down-Quark

strange-Quark

Antiquark

Gluon

Spin 1/2

Spin 1




High energy spin experiments

C.A. Aidala, S.D. Bass, D. Hasch, G.K. Mallot, Rev. Mod. Phys. 85, 655-691 (2013)

Experiment ‘ Year ‘ Beam ‘ Target ‘Energ;y (GeV) ‘QZ (GeVz)‘ x
Completed experiments
SLAC — E80, X130 1976-1983| e H-butanol 523 1-10 0.1-0.6
SLAC  E142/3 1992 1993, e~ NH3. ND3 5 30 110 0.03-0.8
SLAC — E154/5 1995-1999| ¢~ NHs, °LiD, *He <50 1-35 0.01-0.8
CERN — EMC 1985 put NHj; 100, 190 1-30 0.01-0.5
CERN - SMC 1992-1996 ,u+ H/D-butanol, NHjz 100, 190 1-60 0.004-0.5
FNAL E581/E704 19881997 P p 200 ~ 1 0.1 <xzp <08
Analyzing and/or Running
DESY — HERMES 19952007 | e, e~ H. D, *He ~ 30 1-15 0.02-0.7
CERN - COMPASS 20022012 ,u-+ NHs, °LiD 160, 200 170 0.003 0.6
JLah6 — Hall A 19992012 e~ 3He <6 1-2.5 0.1-0.6
JLab6 — Hall B 1999 2012 e~ NHs. ND3 <6 1.-5 0.05 0.6
RHIC - BRAHMS 2002-2006| p p (beam) 2% (31-100) ~16 |—06<xr <0.6
RHIC — PHENIX, STAR| 2002+ P p (beam) 2% (31-250) | ~ 1-400 ~ 0.02-0.4
Approved future experiments (in preparation)
CERN - COMPASS 11 20144+ |pt. unpolarized Ho 160 ~ 1-15 ~ 0.005-0.2
T N5 190 —02<zxzp <08
JLabl2 — HallA/B/C 2014+ e~ |HD, NHs, ND3, *He <12 ~ 1-10 ~ 0.05-0.8

30




Institute of Physics, Academia Sinica

Taipei, Taiwan \\° \°‘h ‘".c""l

@ Transverse and longitudinal spin P a c ’ f’ c 0“
structure of nucleons i
% Nucleon structure (form factors, ] =
generalized parton distributions) k) S P ’ n
@ Spin structure of hadrons ;
. Spin in hard QCD processes ’Q,
@ Fundamental symmetries and ; % 4 N\
physics beyond the SM 549"3 ysw

# Polarized ion and lepton sources
and targets

<
H
S
&

% Organizers:
Wen-Chen Chang [Academia Sinica, Co-Chair) Augustine Ei-Fong Chen [National Central Univ.)
Jiunn-Wei Chen (National Taiwan Univ.]

Hai-Yang Cheng [Academia Sinica, Co-Chair)
Chung-Wen Kao {Chung Yuan Christian Univ.) Hsiang-Nan'Li [Academia Sinica)
q i al

n er‘rﬂ\xl/mlrm?élsory COMMItt/eg"*

)l

ZUo:Tal

bian:we [Tokyo1d
I {Anthony\W ?u‘rmmm

ﬁ’%ﬁw 0 @ P http://www.phys.&inica.edu.tw/Pacspmzm5/
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Pacific Spin 2015

http://www.phys.sinica.edu.tw/PacSPIN2015



http://www.phys.sinica.edu.tw/PacSPIN2015

Origin of Proton Spin

> 4
/( up-Quark
{ down-Quark
4
/( strange-Quark
O Antiquark
4 Gluon
*ang,
7 spinir2
1 Spin 1

Quark spin(~30%)

\Gluon spin(~0)
roton
p 1 ‘b

=§AZ+Ag + L,

1

2

Quark orbital angular momentum(?)




Parton Distribution Functions
and Form Factors

e’ Parton Distribution Functions
e 0 3" « non-local
A -'r-' » diagonal

rY U = = _ ; —
N

Form Factors
{ﬁ]
e * |ocal

}a\ Fi(0), Fa( * non-diagonal
) q}\ - /C pit)c:?(f)K A
34

M. Guidal, H. Moutarde and M. Vanderhaeghen, Rep. Prog. Phys. 76 (2013) 066202.




Generalized Parton Distribution

plon valence JLAB12 CDR, arXiv:1208.1244
P /Q/ 10 JLab Hall A JLab CLAS HERMES
//——x» % ) x =0.36 x =025 x =0.09
b =

i = +

longitudinal v )
' " 1 (GeV?) " t(oéeV) ” (IM(GeV’)
(a)
1

« 1+2D description of the nucleon structure
» Correlations among longitudinal momenta and transverse positions -

« Connection to quark orbital angular momentum


https://www.jlab.org/div_dept/physics_division/GeV/doe_review/CDR_for_Science_Review.pdf

Generalized Parton Distribution (GPD)

t=¢=0 H;(x0,0)=0q;(x)=-7q;(-x)
>H ¢ (X,0,0) = Ag; (x) = —AQ; (—X)

~ A H (&) =F(-)

1

[ E (&) =Fy(-1)

1

[ d H, (x,&,t) =G, (-t
7 % J XY H (x,6,0 =G,
nospin flip| H, (x,&,1) I:If(x,(f,t) | )
E _G (-
spin flip| E, (x,&,1)  |E, (X,&,t) :1dxzf: (X, &) =G (-1)
1 11 Ji'ssumrule

J, =§Azf +Lf =§jxdx [H,(x,&,0)+E, (x,&,0)]

-1
The orbital angular momentum of quarks can be known. 36



Worldwide Activities for
Measuring GPD

overlap with
other Labs <;:“ ! [[:> unique to JLab
1 0 T T T v T v T v I
i~ H1, ZEUS F 1
: i N - 1
~ G'% -------- |
(%J QA ! \}‘“ High xg only reachable
8 o ,\0 K ! & with high luminosity
S o S i
il b: | ev :
! 2.6
 ©| ] 1
> |
) }
S |
NO 4 | _
2 |
0
0.1 0.2 0.3 0.4 0.5 0.6 0.7
XB

arXiv:1208.1244 37



Explore GPD by Electron
Beams

Deeply Virtual Compton Scattering Deeply Virtual Meson Production
e

q
’\_’/
| —
ye N
GPD
(a)

HERMES, JLAB, COMPASS
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Spacelike vs. Timelike
Processes

Deeply Virtual Meson Production Exclusive Meson-induced DY

39



MulD
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Missing Mass Technique in E-50 Spectrometer +

2m
< >
Internal TOF . FM magnet
Internal
LHz-target—« AN
20 GeV/c Beam GC “ﬁm\“m
t - == ) |
Beam 7~ \ /U ‘

Fiber tracker

L )
S
7 g,
.\. N /
N

///,

Internal TO

Ring Image
Cherenkov
Counter

\\'I\'OF wall

AN

T
trigger ¢

Acceptance: ~ 60% for D*, ~80% for decay n*
Resolution: Ap/p~0.2% at ~5 GeV/c

(Rigidity : ~2.1 Tm)
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Beam
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My In E-50 Spectrometer + MulD
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J.C. Peng (UIUC)
T. Sawada (AS)
W.C. Chang (AS)
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GPD(x,,t; Q?%) from space-like and
time-like processes

Large-Q? region
I g ||§mm||| i MI I:“;:I:";:i:]"m .

J-PARC 15-20 GeV
— J-PARC 10-15 GeV
— J-PARC 5-10 GeV

0 | | 1
0 0.2 0.4 0.6 0.8

* J-PARC: time-like approach and large-Q? region.
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Summary & Remarks

The partonic structure of nucleons remains the
most important testing ground for understanding
QCD, especially on the non-perturbative aspect.

High-energy hadron beams at J-PARC is unigue
for studying “hard exclusive processes” in
hadronic interactions.

“ESO0 collaboration™ is formed to look for the
Internal structures of heavy-gquark system and
exotic hadrons and also the 3-d partonic structure
of nucleons.

We very much welcome the collaboration (from
Asia Pacific region) in carrying out the
proposal/experiment.
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