(t*,p) spectra : past experiment in 1988

m quasi-free contribution
» virtual n absorption (due to Imaginary potential)
> Bound state peaks are masked

m 'O neutron separation energy for each level

1p1/2
> P2 — s Mev

» 1 p3/2
. 1s1/2 ~ 23adey (0.28 + 0.194)
Liu, Haider, PRC34(86)1845

areen function method (Vy,,W,) = -(34,15) [MeV]

T

»
Ll

bound region

£ ITYEY

O e - = T s
100 80 60 40 20 0 -20
E., — Eo [MeV]

150

o
o

d?0/ (2wdcos 8, dT,) (ub/sr MeV)
o

momentum transfer
500

400

MeV]

300

200

100

0

0.4 0.6 0.8 1 1.2 14
p,, [GeV/c]

Liu, Haider, PRC34(86)1845, Fig.7

pe® = 740 MeV/c !

8

lab o ~

=15 —1 i
: (lp)u QO S"l_

1s);' @ sy,

B
1
i \ -
Lo \ =
[ S D G [ ey F Fry, | ), MY (RG] ey Fohy Sl
100 200 300
lab
Ty (MeV)

(B.E, T/2) = (2.65, 4.77) [MeV]



+ . . momentum transfer
o RlashlliBcaneiment at Brookhavens

= Chrien et al., PRL60(1988)2595
» p,=800MeV/c : proton angle : 15 deq. (Lab.)

» search for predicted narrow bound state 200
by Liu, Haider, PRC34(86)1845

- negative results (bound state peak was not observed) 109
° 0.4 0.6 0.8 1 1.2 1.4
p,, [GeV/c]
Chrien at al., PRL60(88)2595, Fig.1
. - L SOR Y 15 deg.
Li T o, W 30 ' , ' ,
f 8 geaess 0&!
g S ] ! doublet _
'g 20
@
=
B4 i
< 10
Z0Bl - o)
@) el s IR 5 G /
L -”‘“,-;';'J’"’ —-0as s % E U |
- tasat et 056 E—:r ~
A H.Nagahiro, D.Jido, S.Hirenzaki, PRC80(09)025205
« wider energy range - - - .
| » proton angle = 0 degree -50 0 50 100 150
* S/N ~ 1/10 - need background reduction Eex— Eo [MeV]
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" . - . . Morimatsu, Yazaki NPA435(85)727, NPA483(88)493]
effect on “the signal” by coincidence measuremen

Chiral doublet model (C=0.2) Chiral unitary model

20 1 ] 1 ] 1 ] 1 1
full
=
3
=
2 Conversion part i _
2 (N* > zN, NN* > 7iNN) Conversion part
-i‘-c: 10¢t escape part 11 (N* = ntN, NN* 2 iNN) T
Sl (real n goes away)
TROOT
=
full
""‘.’/// . Wy escape part
0 — 1 | 1 1
-100 //50 0 50 100 -100 -50 0 50 100
Eex — E0 [MeV] Eex — E0 [MeV]
CO?&’GEO”NF)’G‘“ H.Nagahiro, D.Jido, S.Hirenzaki, Phys.Rev.C80,025205, 2009
*om

future work : estimation of absolute value of background
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n(958) in Nuclei
—_——

H. Nagahiro, D. Jido, H. Fujioka, K. Itahashi, S. Hirenzaki,
Phys. Rev. C 87, 045201 (2013).
i
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Introduction
-

= 17'(958) meson ...close connections with U, (1) anomaly

» some theoretical works
» the effects of the U,(1) anomaly on n’ properties

» at finite temperature/density
— T. Kunihiro, PLB219(89)363
— R.D.Pisarski, R.Wilczek, PRD29(84)338
— Y. Kohyama, K.Kubodera and M.Takizawa, PLB208(1988)165
— K.Fukushima, K.Onishi, K.Ohta, PRC63(01)045203
— P. Costa et al.,PLB560(03)171, hep-ph/0408177
etc...

» the possible character changes of n’ at p#0

» a poor experimental information
on the U,(1) anomaly at finite density

m proposal for the formation reaction of the n-mesic nuclei
using the (y,p) reactions

» U,(1) anomaly in medium from the viewpoint of “mesic nuclei”
» the n’ properties, especially mass shift, at finite density




—————
Our motivation & present work

m a poor experimental information
on the U,(1) anomaly at finite density

m 77'(958)-mesic Nucleus formation reaction
» U,(1) anomaly in medium

» n,n mass shift observation
=2 new information on the properties of U,(1) anomaly ?

= We consider ...
» NJL Lagrangian + KMT term
» 1’ spectra
» nand n'in the same framework cf. chiral doublet, chiral unitary models.
» nand " mesic nuclei formation cross section




Model for n and n" meson in medium

 Nambu-Jona-Lasinio model with the KMT interaction
» unified treatment of the n and ' meson

8
L=q(i@—m)g+ % > [@ag)® + (1@Aa59)”]

[det q—z(l — ’75)(],7' -+ h,.C.]

u S

a=0

explicit breaking the U,(1) sym.

Kobayashi, Maskawa Prog.Theor.Phys.44, 1422 (70) 200}
G. 't Hooft, Phys.Rev.D14,3432 (76) scof

700F

One can reproduce the heavy n’ mass
Kunihiro, Hatsuda, PLB206(88)385, Fig.3

MeV

600r

500

400}
300}
200}

100

g i O

m &%
- Anomaly effect in vacuum

Ol 02 03 04 05 06 07
r‘ - QD/!Z,

08



SU(2) symmetric matter

Pu = Pd, Ps =0

= we consider the SU(2) sym. matter as the sym. nuclear matter.

anomaly term
effect

1000

parameters (in vacuum)

600

800

M [MeV]

400

200

— | U

0 1

2
p/pg

P. Rehberg, et al., PRC53(96)410.

A A2=_ 36%273 [MeV] Myy =367.6 [Mev]
gs A2 = 3. M,  =549.5 Mev]
gpA® = -12.36 (Gud® = -241.9 Mev]
Myq = 5.5 MeV] (ss)13 =-257.7 [MeV]

m, 140.7 [MeV] m,, = 958 [MeV]
n

m, = 514 Mev]
m_= 135 [MeV]

n and n’ mass shifts @ Po

Am,. ~-150 MeV @ p,
Am, ~ +20 MeV @ p,

We can see the large medium effect even at normal nuclear density.




Missing mass spectroscopy / reaction parameters
 —— — m—— |

proton -hole

Incident particle

o

v

emitted particle

candidate reactions rneson

ex.) (d,3He) reaction ... ¥ atom formation, n-mesic nuclei @ GSI

(v,p) reaction ... smaller distortion effect, nearly recoilless for heavy n’

Momentum transfers for 1-mesic nuclei formation

Reaction parameters 00 RS
{ \\
= (y,p) reaction Ey=2.7 GeV 400 A\\\ (v.p) \
= target : 12C | \\\ Lol /
5} i rnng-o ener
= forward : 6, = 0 deg. % 0 [ x\ \ 1 P /
: \\\
= elementary cross section = \ /
for Y+p 9 77’+p < ipcsn \\ } [ plon
do Lab 100 Bl — ‘rlJ
(—) ~ 150 nb/sr T '}
dS2 E BE=150 M | _— | { J J
91 2 ® 4 5 6 7 & o o 1 2 3 4 5 6 7 8 9 |1
Ti [GeV|

[SAPHIR collaboration, PLB444(98)555-562
Chiang, Yang, PRC68(03)045202]



d%c
dE dQ

d%c

[nb/sr MeV]

[nb/sr MeV]

dE dQ

16

(O,); 0%, -
14t |V, = el Vo = -100 MeV
12l | W, = -5 MeV e Wo = -5 MeV
10} (Op—u?)r’:’f.svv —l

(Op h.(-;"":-::’n —
9 (Opgp), ®Sr —
6
41
2
0 . M . AV, B
-150 -100 -50 0 50 100 -150 -100 -50 0 50 100

Eex-E0 [MeV] Eex-E0 [MeV]
16
14 1Vo=0 Vo =-100 MeV
12+ | Wo = -20 MeV Wo = -20 MeV
10+
8
6
41 |
z a
| —i
0 ‘ . - iy
-150 -100 -50 0 50 100 -150 -100 -50 0 50 100
Eex-E0 [MeV] Eex-E0 [MeV]



: 12 11
Numerical results : '“C(y,p)"'B, , ./
10 [ [ | T T T T
dp = -12.36/A° quasi-free
e
8 mass reduction 2
S‘ quasi-free due to the medium
% - effect through
_ anomaly term
n 67 quasi-free .= - (156+29i) [MeV] ; 0
-CCJ (Kling et al., NPA650(99)299) n
W, = — 20 MeV
o G 4 f W d
| O n
oLl
©
2 | b |
e ; .‘l
3200 3100 3000 2900 800 2700 2600 2500

Ep [MeV]



—_ET® Summary
e ———————

m U,(1)anomaly effect in finite density
through the view point of “mesic nuclei”
» possibility of observation of anomaly effects in-medium
» nand i’ mesic nuclei with NJL model
» response to the environment change

= (y,p) reaction for the mesic nuclei formation

» Reasonably large cross sections predicted
» SIN ~ 1/10 ... N.Muramatsu, private communication
» the experiment for the formation of w-mesic nuclei
@ SPring-8 ?
— Information on n-mesic nuclei also can be expected
= (pi, N) experiment for n mesic nuclei formation @ JPARC-by H. Nagahiro, recently

m Future
» density dependence of gp ?
» Other treatment ? — beyond the NJL model

» relation with other models for n & 7’
— chiral doublet model & chiral unitary approach for the n-mesic nuclei



2010 I LEmMNFE-BRAICHESTES . .

Daisuke Jido, Hideko Nagahiro, Satoru Hirenzaki

‘Nuclear bound state of eta'(958) and partial restoration of chiral symmetry in the eta' mass’

arXiv:1109.0394, nucl-th

m 1. Some additional Remarks for Motivation

m 2. Current Status

m 3. Summary
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[Meson Mass Reduction]
—_——

1, Mass reduction will be equivalent to attractive V in Eq. of Motion..

m,27, — 'm%,(p) = (my + Amy(p))? ~md + 2moAm(p)

p(r
Am(p) = V(p(r) = %2
2, But “ Attractive = Mass reduction ” is wrong. Ex.) Coulomb case.
Origin of the attraction is important.

p° + (m— Am)? = (E +V)?

2
im,:E2—pzmm2 (1——(Am—|—V)

Invariant mass data ONLY
> M2 )
m

at small kinetic energy

3, Thus, “exclusive” and/or “systematic” are important !
==> Bound state spectroscopies
(Quantum number selection rules, No vacuum background)



I'n(958) Bound Statel]

3, Thus, “exclusive” and/or “systematic” are important !
==> Bound state spectroscopies
(Quantum number selection rules, No vacuum background)

4, For Bound State observation as peaks, however,

ReV>ImV

IS important.

5, And ‘clear (dominant) origin” is important to deduce
something.

6, N(958) seems interesting, in these senses.



Heavy mass of the 1'(958) meson

schematic view of the mass of m,K,n &n'

cf.) NJL model with KMT ><

¥
Jido et al., PRC85(12)032201(R) 1 {
Nagahiro et al., PRC (2013) XOOC - 5 %

o 1000 7
Ua(2) | l 800N 1 UA(1) breaking
anomaly S 1,2]
—_— o é | ‘ (KMT termi'2l)
w, K : -
" E 400 . (q9) =0
m, K, g g [1] Kobayashi-Maskawa
s PTP44(70)1422
massless 200 | ‘: [2] G. 't Hooft,
mgmg =0 mg,mg= 0 mgmg#0 T PRD14(76)3432
2 E b 0—
(@@)=0 (@q@=+0 (qq)+#0 S
PP
chs dynamically || dyn. & explicitly Am ~ —-150 MeV @ p,
manifest | | broken broken Costa et al.,PLB560(03)171,

Nagahiro-Takizawa-Hirenzaki, PRC74(06)045203
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Reported DATA
——————

1. CBELSA/TAPS (transparency)
by M. Nanova et al., Phys. Lett. B (2012), Prog. Part. Nucl. Phys. (2012)
I' (py, (7,3~ 1.05 GeV/c)~ 15 —25 MeV (No string p-dependence)
(Reasonally smaller than theoretically expected Am, )

2 (1) COSY (final state interaction)
by P. Moskal et al., Phys. Lett. B 482 (2000) 356.
ABS(a, )~ 0.1 fm (V(py) ~ 10 MeV), sign is not known

2 (2) COSY (final state interaction)
by P. Moskal et al., Phys. Lett. B 474 (2000) 416.
ABS( RE (a,;,) )<0.8 fm, sign is not known

3. RHIC: PHENIX/STAR (Low energy pion)
by T. Csorgo et al., Phys. Rev. Lett. 105 (2010) 182301.
Am,. ~ 200 MeV (Roughly Consistent to NJL, but at different T)

14



1’'N interaction : Chiral Unitary model : Oset-Ramos, PLB704(11)334

n'N 2 n'N, N, nN, KA, K3 (PB)  Weinberg-Tomozawa + 1 -1’ mixing

> |a,n|=0.01fm
cf.|a,n|~0.1-0.8 fm [Moscal:PLB'00]

n'N = vector-baryon (\VB)

V V P~ _— Vv P~ V

B B B B B B
> | a,y| =0.03 fm

n4{N_ 2 14N : singlet component — contribution to ELASTIC channel

n1 ’ 771 Ly I = —
N L8 e ni(0,By"' B — By*9,B)
N Borasoy , PRD61(00)014011
a N Kawarabayashi-Ohta, PTP66(81)1789

o ... free parameter
> |a,y|=0.1fm

15



opt
Calculated Vg’p Nagahiro, Hirenzaki, Oset, Ramos, PLB709(2012)87

M4 ,m __ 1 mainly contibutes to elastic channel,
.’ not to inelastic channel

B— B
o ~ the anomaly effect [D.Jido, H.Nagahiro, S.Hirenzaki, PRC85(12)]

o Only free parameter in this model.

Inputs for V n . .
[Oset-Ramos:PLB704(11)] /a\
N N
| a, | [fm] a TVEY tiN>uN
0.1 —-0.193 -1.26-0.25/ -0.015+ 0.67/
0.3 —0.834 -3.85-0.31i/ -0.2 +0.7i
[10-2 MeV-"]
0.5 -1.79 —6.43 — 0.43i —0.39+ 0.72i @ threshold
1.0 -9.67 -12.9 - 1.01/ —0.85+ 0.77i

Attractive sign is assumed. (No exp. Info. on sign) "



optical potential Vgp_t : Lowest order in desnity

Vlst HISt L tp

opt 2w,,7.- 2&)771

optical potential Vgp_t : Second oder in density

2
S ey) == ), /(zm“ 2( q ) =@

X X=nn

X by N—sxNEx¥N—s /N Vx Vx’qz
1
Py —q°+ Er — E@G) + e
[ 1 ‘}(‘ “““ y

X

q° + Ef — E(q) + i€

1
-+ = x
—q° + EF —E(q')-i-xe]
1 1
q2 —m3 +ie g2 —m? + i€’

X

17



Numerical result : potential depth

in unit of MeV
[ Potential depth at p = po
total
V(}SE + Vgll)]td = Vopt
0.1 ((8.6)1.7)) (C0.1C0.1)) ((8.71.8i)

Y \ - ) .

0.3 ® ReV >ImV I (F26.873.0i)
0.5 (143.8(8.0)  (i1.302.5i) | (i 44.1i 5.5i)
1 ((87.706.9)  ((4.10(10.4i) ([91.8717.2i)

AT LN I~ 15-25 MeV
® ndEillJ] ~ TAPS transparency ratio




A
= 17(958) mesic nuclei formation

m (p,d) reaction

(y induced reaction:
H.Nagahiro, S.Hirenzaki, Phys.Rev.Lett.94 (2005)232503)



1'(958) mesic nuclei formation by (p,d) reaction
_— ———

K. Itahashi et al., Prog. Theor. Phys. 128 (2012) 601-613. n-hole d
H. Nagahiro, et al., Phys. Rev. C 87, 045201 (2013). P O
proton kinetic energy T =2.5GeV
target : 12C :

forward reaction : 6, =0 deg. target

momentum transfer elementary cross section pn 9d77'i
no experimental information

1.0 3
| ,
081 |\ m, — 50 MeV Tpp—ppn’ ~02ub @ T, = 2.5 GeV
| | -
— 06 \\ mn,_ 100 MeV J Klaja et al., PRC81(10)035209 (COSY)
E AN ] Assumption1 : Same ratio as 1 production
g 04r }\ ___________ _______________ 1 a(pn — dn') _ o(pn — dn) 10
. \-\' &, ‘ alpp —ppn')  o(pp — ppn) \
(547 N o(782) ::;_,‘_:_‘_:; CELSIUS/WASA, PRL70(97)2642
oL . . R, il . Assumption2 : Flat distribution in CM

0 1 2 3 4

: s Lab.
proton Kkinetic energy Tp [GeV] ( do ) ~ 30 ub/sr

()
I'!..- F I'f'l .-rf.r.l]



1'(958) mesic nuclei formation b _(pidz reaction

optical potentials
p(r)

V(r) = (Vo +iWp)
0

Various combination within the range of
Vy=0~-150 MeV, Wy,=-5~-20 MeV

cf.) coupled-channel

Vo
r |w ~150|| —100 | —50 0 | —
o0 i =0 S |a,/|=0.5-1.0 fm
- — case
ol V/ /j /
30 15 [EVSAVET v N
— / // P / Cf)
vl v 4 v -
40 | 20 [, ~15-25 MeV @ p,
/’ in unit of MeV CBELSA/TAPS
cf) NJL with KMT M. Nanova et al., PLB

Am,, ~-150 MeV @ p, i



Numerical results : —(150, 20) MeV : 2C(p,d)''C

Green’s function method [Morimatsu-Yazaki, NPA435(85)727]

120 T T :
(Vo Wy)=—(150,20) MeV threshold enhancement
100k Vo~ NJL owing to the attractive potential
I'~ 40 MeV (> TAPS) '

% 80} (Ops)'® d,; (Op:,{ﬁ &f, total -
é (0p3/2)_1® P,y i e
D-—-% 60 (Op3/2)—1® S,/ \ : /,"/ \\\\\
5 % 401 \ ('21’61) A‘ quasi-free contri\%'utions

(BE,T)= (-56 28) \! ;'

(-93,34) MeV
0 __J \i\ ’\:\. //
I ; NS — -

—150 —100 O 50 100
Eex — E0 [MeV]

N
o
T
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Summary
-—

Clear origin of mass shift is very important.

= 11(958) seems Special.
» Clear Origin of Mass Reduction by
<qu> change with help of U,(1)
» Re V ~ Am >> ImV, thanks to U,(1)

= Narrow Peak expected for n" Mesic Nuclei
Formation, Missing mass spectra.

m Consistency with the scattering length data ?

23



Vector mesons

D Ak T A




Naruki, M., et al. (KEK-PS E325 Collaboration), 2006, Phys.
events[/ 10MeV/c?] Rev. Lett. 96, 092301.

|
1500F @C ——fit result
= —--w—>e'e
12B0E ---p—=e'e
- i e ¢—"‘E+'5‘: eventsl 10 MeVic®] events[/10 MaV/c?]
g gy - @)C 1o0of- (0) Cu
760F | w—e'emn L o
- X background E[with I gog L[N
5[}'[]:— ;m’?ﬁm_ — fit result C [mass — fit result
- : —-p—e'e | soof - pe’e
o = il 1 = = B (1 o = -
250F i a00f
D: :._ ' ++ .-I 20'3‘:—
e E b F -
15[)[]5 (b] Cu _fit ra.s_lj!! G ; I'D_II‘I - Il:lél - ngl ____gﬁ : ID?I - |Da| L'...-r..
1250F '_'_'_'?jj@ ' invariant mess [GeVid] invariant mass [Geve?]
1000F ;;-ﬁ:';;:'v FIG. 54. (Color online) Invariant-mass spectra of e*¢™. The
750 00 ff - w—e'en combinatorial background and the shapes of n—e’e"y and
- background —e*e w" were subtracted. The result of the model calculation
500:_ considering the in-medium modification for the (a) C and (b)
250:_ Cu targets. The solid lines show the best-fit results. In (a) and
- : (b), the shapes of w—e*e” (dotted line) and w—e*e” (dash-
Q5 . 2 — dotted line) were modified according to the model using the
2006).
FIG. 53. (Color online) Invariant-mass spectra of ¢*e” for the
(a) C and (b) Cu targets. The solid lines are the best-fit results, 0. W D interfer (j:,huﬂli L%:)

which is the sum of the known hadronic decays, w—e"e”
(dashed line), ¢—e*e™ (thick dash-dotted line), np—ete ™y
(dash-dotted line), and w—e*e a" (dotted line) together with

the combinatorial background (long-dashed line). p—e™e™ is
not visible (Naruki et al., 2006).



Muto, R., et al. (KEK-PS E325 Collaboration), 2007, Phys.
Rev. Lett. 98, 042501.

i _ T

T o G

- I -

g | g 100

~ 40 ~

o 0o

3 ]

S 2| g o

8 | 8 ® (L isolate Lt=peak LELTR %%,

0 :’h:lj:(a\['\:#\o

2 100 2 fzLEMARBEE, FEAESIC
= | S HTLES. BLD (low p)fEI+E5EIR
% | < I (L Systematic ZIFIRIZA DALY
-.E Eﬂ' E 75\0 (o]

3 3

_ _ {Cu 1.75<Py
e & ann
S 200 S
= =
s M 200r
0 w0
5 100 3 !
I= T 100 FIG. 55. Obtained e*e” distributions with the fit results. The
g I § target and By region are shown in each panel. The points with
-xl,fpd&qﬁ.f?ﬂ | | :Ezfl}dhjj;ﬁo | M | error bars represent the data. The solid lines represent the fit
L Y 0 0e 1 77 7o results with an expected ¢—e’e” shape and a quadratic back-
' [GEV fcé] ' [GE’H’ ch] ground. The dashed lines represent the background (Muto et

al., 2007).



Vector Meson Mass Shift by Invariant mass

Ryugo §. Hayano and Tetsuo Hatsuda: Hadron properties in the nuclear medium

TABLE IV. Compilation of experimental results on the in-medium mass and width of the p, w, and ¢ mesons produced with
elementary reactions, measured in different experiments. This is based on updating the table prepared by Metag (2008a).

Invariant mass Attenuation
CLAS-gl @
E325 @ KEK JLab CBELSA/TAPS LEPS @ SPring-8
Reaction pA 12 GeV vA 0.6-3.8 GeV yA 0.7-25 GeV ¥A 1.5-2.5 GeV
Momentum p=03 GeV/e p=0.8 GeVe p<035GeV/c 04<p<1.7 GeV/c l.1<p<22 GeV/c
p T Am=0
Am(pg)/m=—9% Some
broadening
i | Amipo)/m=—14%" T, (py)=130-150 MeV/c?
No broadening — =10 mb
(/] Amipg)/m=—3.4% o gn=35 mb
I ylpp) =15 MeV/c? — I 4lpo) =80 MeV/c?

“This may change as a result of the ongoing reanalysis (Metag, 2008b).

BAS AN, Data [FURL TULVGEL, SO RFZITH B EREOEIR,



 EIFEDTable O KHERRTIXGEIGEHIEELLY, TH
Table Mo FIOIZEN FL) DNZIFH=HREBOEWLDITT
(X750,

s TP IERESHITDERTT—2ELTORERE
JPARC THLTHLYD I w78 (Background DE-51EH)

" P, w DIEMEETBEILAIREN . 0 0 ?

s E16 THIFSIN B4R © D Momentum dependence M
#AHLEE (Systematic info. £LT)




STEAEmBE>IM?

s OOWA D BELTT21u]IZ7% B> mass shift DERE-RE
s Mass shift AN/hEho7=51ILUID>EBELELNO N ?

» BRACZFHALT
[<N|sbar s|N>ZEERRIIZROITIELLY,
(KEKZE:BTD A . Philipp &. etc)

s EERAIIZIZDODmass shift AS/NEM>F=HF 1M1 ILER A T,
& ZFET<N|sbar s|N>D ERIZHIBZE 5 Z o 5N ERRET,

(Fr2Wwl#+z2 =56 KYBERITEELLNTLELD,

2JAM FDL2aL—2a v FEATHEREBEZFLISNDE?)

= IBDIRE (<=>LEPS) 5%,




<N|sbar s|[N>EZ % (FHESA. KESA)

e ——
m %FD strange component ME NS ?

S>N\ROVUYPBICE->TEE

s BRFICHT S s quark DEE . KIZITINSL\DOHI? (BZFD
#1& . sea quark)

= <N|gbar q|N> : nuclear matter [CE(THERWLGTE, L
DHRRIZEAET HIET, (ex. KN sigma term => kaon
condensation in neutron star)

= SU(2) <N|gbar q|N> D1&#R (ex. Pionic atom Hi5 ) & T,
[flavor SU(3) M EEXRAIIE R

meson in medium MSRIZ 5N B]
EERITLIM?
m K. Griest ‘Calculation of Rates for Direct Detection of Neutralino Dark Matter’

PRL61, 666(1988). (Dark matter candidate Mneutralino MR8 M & D B Ei&
ETE)



Summary

T
= Lepton pair invariant mass [Z& 4 in-medium Vector

meson property (KEK E325)
s XEFTDOQCD sum rule f&HT#B4

= O OME (mass shift) H50 <N|sbar s[N>DRTE,
HA{F . JPARC E16

= Secondary beam ZF|FHL7-. Meson-Nucleus
Spectroscopy (k. #i&. JPARC E26)





