


For the details of accelerator/experimental situation,	

please look at N. Saito, Shinya (and Tanakhiro) Sawada's talks at the Spinfest 2015	

http://j-parc-th.kek.jp/workshops/2015/07-06/.	




Nuclear physics is a field of investigating 	

�  matter generation of universe	

� properties of quark-hadron many-body systems as ultimate materials.	 













4 permanent KEK staffs (A. Dote, K. Itakura, S. Kumano, O. Morimatsu)	

+ 1 research fellow (T. Marruyama)	

+ 5 visiting staffs (S. Hirenzaki, A. Hosaka, T. Sato, S. Shinmura, K. Tanaka)	 

Hyper-nuclear physics	 

Hadron masses in medium	 

Charm physics	 
Neutrino-nuclear	

interactions	 

Structure functions	 
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J.L. Hewett et al., arXiv:1205.2671, 	

Proceedings of the 2011 workshop 	

on Fundamental Physics at the Intensity Frontier	


Depending on the neutrino beam energy, 	

different physics mechanisms contribute	

to the cross section.	

� QE   (Quasi elastic)	

� RES (Resonance)	

�  DIS  (Deep inelastic)	


Activities at the J-PARC branch, KEK theory center	

http://j-parc-th.kek.jp/html/English/e-index.html	




J-PARC hadron physics	




� Strangeness nuclear physics (1st experiment)	


� Exotic hadrons	


� Hadrons in nuclear medium	


� Hard processes           	


� Nucleon spin                    (beam polarization)	


� Quark-hadron matter     (heavy ion)	


Approved proposals	


Possibilities	


“Possible” high-momentum beamline projects	




(Low energy) Kaon and pion experiments 	

are done at these beamlines.	
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3-dimensional nuclear chart	 



Precise YN, YY interactions are necessary 
for understanding neutron stars.	






J-PARC projects on	


high-momentum beamline	




Recent workshop on high-momentum beamline physics,	

January 15 - 18, 2013, KEK, 	

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




2015	
 2018	
 2025	

Construction	


Hadron masses	

in nuclear 
medium	


Charmed 
baryons??	


High-energy 
hadron???	


2020	


There is a possibility 	

for high-energy hadron physics,	

including nucleon structure,	

short-range NN correlations.	




Origin of the nucleon mass:	

Why  mquark << mnucleon ?	


Order parameter:	

“quark condensate <qq>”	


<qq> depends temperature and density 	


<qq> is not a direct observable, so look	

at nuclear-medium modification of 	

hadron masses.  	


Vector-meson masses	

vs. density	


Modifications even	

at “normal nuclear density”	


Chiral-symmetry breaking	


Reduction in ρ, ω masses	

at normal nuclear density	


Nucleon	 

Quark	 



After background subtraction	


9%, 3% mass shifts	


(12 GeV) p + A →  ρ,  ω ,  φ + X   (ρ,  ω ,  φ  →  e+ + e− )

M. Naruki et al.,	

  PRL 96 (2006) 092301	


R. Muto et al.,	

  PRL 98 (2007) 042501	


T. Tabaru et al.,	

  PRC 74 (2006) 025201	


m(ρ) / m(0) = 1 – k ρ/ ρ0	


→ continued at J-PARC (E16)	


k = 0.092 ± 0.002  for ρ, ω
  = 0.034−0.007

+0.006      for φ



 � Θ+(1540)???: LEPS	

         Pentaquark?	

 � Kaonic nuclei?: KEK-PS, ...	


    Strange tribaryons, …	

 � X (3872), Y(3940): Belle	

         Tetraquark, DD molecule	

 � DsJ(2317), DsJ(2460): BaBar, CLEO,  Belle	

         Tetraquark, DK molecule	

 � Z (4430): Belle	

         Tetraquark, …	

� …	


qq     Meson	

q3      Baryon	


q2q2  Tetraquark	

q4q    Pentaquark	

q6      Dibaryon	

…	

q10q  e.g. Strange	

             tribaryon	

…	

gg     Glueball 	

…        	


uudds  ?

K − pnn,  K − ppn ?
K − pp ?
cc
D0 (cu)D0 (cu)
D+ (cd )D− (cd) ?

cs
D0 (cu)K + (us )
D+ (cd )K 0 (ds ) ?

ccud ,  D molecule?



J-PARC:  30 GeV
→ s = 8 GeV





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


Related talks	

Mark Strikman,    High-energy hadron interactions in nuclear medium	

Dipangkar Dutta,  Experiments on high-energy hadron interactions in nuclear medium	

Jianwei Qiu,           Parton energy loss in nuclear medium	

Kenneth Hicks,      Experiments on parton energy loss in cold nuclear medium	

Claudio Ciofi degli Atti,  Short-range NN correlations 	

Eliezer Piasetzky,             Experiments on short-range NN correlations	


Topics:	

�  Quarks/Hadrons in nuclear medium	

�  Exotic hadrons, Charm physics	

�  Baryon interactions, Short-range correlations	

�  Nucleon structure	




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

March 13-16, 2015, KEK, Tsukuba, Japan	


Related talks	

Mark Strikman:  High-energy hadron interactions in nuclear medium	

Misak Sargsian:  Probing quark correlations in hard hadronic processes	

William Brooks:  Parton energy loss in cold nuclear medium	




Workshop on Short-range correlations and tensor structure at J-PARC	

http://www-conf.kek.jp/past/hadron1/j-parc-src09/	

September 26, 2009	


At that time, the high-momentum beamline was not financially approved,	

so the discussions did not develop into a realistic experimental proposal.	

→ Situation is now different for the facility.	

     The J-PARC high-momentum beamline will be ready in 2018.	

→ . . .	


with Claudio Ciofi degli Atti	 



pp

np

D. Higinbotham, E. Piasetzky, and M. Strikman	

CERN Courier 49 (2009) 22. 	
  

High-momentum np
pp
! 20 !



Nuclear transparency:  T =
σ A

Aσ N

(p,2p) at J-PARC	


T	






J. C. Peng, S. Sawada et al.	


S. Choi et al.	


Y. Goto et al.	


http://j-parc.jp/researcher/Hadron/en/Proposal_e.html	




 x1
 x2

J-PARC:  s = 10 GeV
RHIC:      s = 200 GeV
LHC:       s = 14 TeV

•  s = (p1 + p2 )2

•  mµµ ≥ 3 GeV

e.g.  Drell-Yan:  x1x2 =
mµµ

2

s

 
x ∼

mµµ
2

s

 

x ∼
mµµ

2

s
≥      3

10
= 0.3           J-PARC (Fermilab-120 GeV)

                ≥    3
200

= 0.02         RHIC (COMPASS)

                ≥ 3
14000

= 0.0002     LHC

Large-x facility	


Small-x facility	


p + p(A)→ µ+µ − + X    (qq→ µ+µ − )

e.g. Quark spin content: Δq = dx
0

1

∫ Δq(x)

       = Integral from small x  (RHIC)
            to large x  (J-PARC).



Perturbative QCD
g

d

d
g

u

u
g

s

s

 

Because of  mu
2 ,  mu

2 ,  mu
2 ≪ Q2 ,  we expect u = d = s  from the antiquark creaction

by the gluon splitting  g→ qq  in perturbative QCD.

⇒  Experimentally,  s
(u + d ) / 2

~ 0.4,    d
u
= 1 ~ 1.4

Non-perturbative mechanism for the asymmetries?
E866	


E906	


J-PARC	

 

σ (pd)
2σ (pp)

!
1
2
1 + d
u

⎛
⎝⎜

⎞
⎠⎟

Fermilab experiment in progress!	


SK, Phys. Rep. 303 (1998) 183;	

J. Speth, A. W. Thomas,	

   Adv.Nucl.Phys. 24 (1997) 83;	

G. T. Garvey and J.-C. Peng,	

  Prog. Part. Nucl. Phys. 47 (2001) 203.	

J.-C. Peng, J.-W. Qiu, arXiv:1401.0934.	




•  Energy is not high (30 GeV) → 40, 50 GeV operation ???

    mµµ  below J /ψ  at J-PARC → feasibility studies are needed
    soft-gluon contributions       →  K-factor is large but seems to be managed theoretically.

•  hadron strucutre with J /ψ  production  → OK, pQCD corrctions?

•  physics topics by considering E906 results

→ We may also consider other possibilies. 
      e.g. exclusive processes

P04 (Peng et al.)	




p↑ = 1
3 2

uud 2 ↑↑↓ − ↑↓↑ − ↓↑↑⎡⎣ ⎤⎦ + permutations( )

Δq(x) ≡ q↑ (x) − q↓ (x)

ΔΣ = dx∫
i
∑ Δqi (x) + Δqi (x)[ ]→ 1 (100%)

1
2
= 1
2
ΔΣ + Δg + Lq,g

next page�



 

Wigner operator:  ŵ(k+ ,
!
k⊥ , !r ) ≡ dξ−∫ d 2ξ⊥e

i ξ−k+ −
!
ξ⊥ ⋅
!
k⊥( )ψ !r −

!
ξ / 2( )ψ !r +

!
ξ / 2( )

Wigner distribution:   W(x,
!
k⊥ , !r ) ≡ d 3q

(2π )3∫ !q / 2 ŵ(!r ,k+ ,
!
k⊥ ) − !q / 2 ,    x = k+ / p+

 Wigner distribution W(x,
!
k⊥ , !r )

PDF (Parton Distribution Function)

GPD (Generalized Parton Distribution) 

TMD  (Transverse Momentum Dependent)
parton distribution

Form factor

d3r∫
d2k⊥∫ dz

d2k⊥∫ d3rdx  d2k⊥∫

x

b⊥GDA (Generalized Distribution Amplitude) 
s-t  crossing →

γγ → hh



Bjorken variable	


Momentum transfer squared	


  
ξ = p+ − ′p +

p+ + ′p +
= − Δ+

2P +

  t = Δ2

 

dz−

4π
 ∫ eixP+z− ′p ψ (−z / 2)γ +ψ (z / 2) p z+ =0,!z⊥ =0 = 1

2P+ H(x,ξ, t)u( ′p )γ +u(p)+ E(x,ξ, t)u( ′p ) iσ
+α Δα

2M
u(p)

⎡

⎣
⎢

⎤

⎦
⎥

  
x = Q2

2 p ⋅q

Skewdness parameter	


  
P = p + ′p

2
,   Δ = ′p − p

Forward limit:  PDFs	
 H(x,ξ, t) ξ= t=0 = f (x)

First moments:  Form factors	

dx H(x,ξ, t)∫ = F1(t), dx E(x,ξ, t)∫ = F2 (t)

Second moments:  Angular momenta	

Sum rule:  Jq =

1
2
dx x Hq (x,ξ, t = 0)+ Eq (x,ξ, t = 0)⎡⎣ ⎤⎦∫  ,    Jq =

1
2
Δq + Lq



Emission of quark with momentum fraction x+ξ	

Absorption of quark with momentum fraction x-ξ	


Emission of quark with momentum fraction x+ξ	

Emission of antiquark with momentum fraction ξ-x 

Emission of antiquark with momentum fraction ξ-x	

Absorption of antiquark with momentum fraction -ξ-x	


Meson-like distribution amplitude	


Quark distribution	


Antiquark distribution	


ξ − x −ξ − x x + ξ ξ − x x + ξ x − ξ

−1 −ξ ξ0 1

−ξ < x < ξ x + ξ > 0, x − ξ < 0( )
ξ < x < 1 x + ξ > 0, x − ξ > 0( )−1 < x < ξ x + ξ < 0, x − ξ < 0( )

 x

π	


p

p

B	

p GPDs	


qq	


Efremov-Radyushkin	

-Brodsky-Lepage (ERBL) region	 

 

Consider a hard reaction with
′s ,  ′t ,  ′u ≫ MN

 2 ,   t ≪ MN
 2

t´	
 s´	




π	
 (c)	


N

(b)	
 N

(d)	


B	

(a)	
 N

(e)	


h	


dσ ( ′s , ′t )
d ′t

 so as to explain

AGS experimental data on
π + p→π + p,   π + p→ ρ + p

GPDs	
 This part is expressed by GPDs.	




W.-C. Chang, J.-C. Peng, S. Sawada et al.,	

possible J-PARC experiment?	


GPD	 

 ℓ
+

γ *

p B

π −  ℓ
−

 π
− (ud) + p(uud)→ B(udd) + γ *(→ ℓ+ℓ− )

pion distribution

 ℓ
+

γ *

p

π −

 ℓ
−

 π
− (us) + p(uud)→ ℓ+ℓ− + X

u
u

d

SK, M. Strikman, K. Sudoh,	

PRD 80 (2009) 074003	


GPD	 p B (n,Δ0 ,⋅ ⋅ ⋅)

p

p

π +
′s′t

 ′s ,  ′t ,  ′u ≫ MN
 2



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

March 13-16, 2015, KEK, Tsukuba, Japan	


Exclusive Drell-Yan	

and GPDs	 







The End	


The End	



