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Mass and chiral symmetry in huclear matter

(MeV) quark mass

« Origin of quark and hadron mass : 10°
spontaneous breaking of chiral symmetry 1%  Higgs mass I
* In hot/dense matter, chiral symmetry Is "’3 o
expected to be restored r
102

- hadron spectral ( mass , width ) modification _
IS also expected - T
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sSummary

(FESREYIC) QGP DFFlE L TOAMZILHFRMEDEEICLZHEFEEDEL
MIERIN TS,

mm (E1AVER) 5LV RFREBEER (RFHIRNRERR) TO FEFOEH
EARIMVDEALITFEL.

- IC  medium size &K7FMH ( pp,pA,AA, velocity ) B #H 5,
ZIEDRERRAIE? : #FROT=E
- hadronic #FTREZIITEERT S,

- "dropping VS broadening ... chiral symmetry VS hadronic ?”
« BilibLTE,
« QCD H6MDFfl& hadronic 78 FRIE AR K F F L TIE UL TR
- QCD @ low energy B IFTHE DB WFRIDREEDE S
EIRD 7 AR
- FEFLEEL "FHVWT" WD ROBBERERERE. FSI (E2EL0OEHEKE
- DRVWERET. dataset TIXAZP>TEE>TCLED fEwRDERM

- p—oointerference, etc. ' Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi



anomaly

nuclear dependence
of inv. mass spectra

momentum dep. of
INV. Mass spectra
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1\/
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\ HI collision
TAPSICLASg7] | (SPS, RHIC)

\ Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




anomaly nuclear dependence momentum dep. of
of inv. mass spectra INV. Mass spectra
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anomaly nuclear dependence momentum dep. of
of inv. mass spectra INV. Mass spectra
"?al ' (‘/v tion. BKG, etc)
experimental analysis (correction, , €tc \
SR / \ HI collision
p. Pdla E305 TAPS/CLAS-q7 (SPS, RHIC)
|
matter sizel Woods-Saxon eg. Rapp's
effect (“Toy mode”) = Fireball
(infuture)
comparison w/ ~a
prediction - [Giessen BUU
¥ w/ FSl
modification mom. dep of Compncated (MOSQI et al )
parameters(k ,k parameter (K, (p)) modified shapes
Theory
[ / ] Theory
QCD SR Latticein u>0 ronic (including real
(Hatsuda, Leg] |(Muroyaet al.) (e.g. Klingl et al. nuclei/collisions)

Theory (ideal nuclear matter)

Hhdron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




Summary

e JRD—IF
- 28 (@J-PARC)
s BEEZTLORMHN(METAXEEI=)AIE: E1I6 30 GeV p+A
« HEFRER (E26, E29) HSD HEFARiE ~2GeV/c mm+A, pbar+A
« FEFEREIN BEAOBELDND

« ee channel A 5ICIZEDNRYLRZED
e bound LTHAKTE EWVWHBFHIALLIAWVWSEDTII,

« REKEE SBEQEALV/ER? A+A ?
- 185G BESHDERT—YE QCD DFEEFENITIE?
« IR/ : WL N\wsTS5HUR”

- ROKEZEBARER. RTFREYAIWNR, FSI
« BUU? ‘'dropping’ ZFTL\NTWLLDH?
- in-medium mixing 2ED FEEENHANDHE
« QCD : “#EREZMEDICEEHLLAPEF TERVWDT,
- EEIEIREM
- BRETA XYPETERIEIDDORND D,
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Vector meson measurements in the world

10

HELIOS/3 (ee, up)

450GeV p+Be / 200GeV A+A

— DLS (ee) 1 GeV A+A
-
GE) CERES (ee) 450GeV p+Be/Au / 40-200GeV A+A
O - E325  (eeKK)  12GeV p+C/Cu
% NAGO (M) 400GeV p+A/158GeV In+In
E PHENIX (ee,KK)  p+p/Au+Au / published/ 'modified”
o STAR (1 KK, ee) 0+p/AU+AU published/ 'unmodified'
o SR running/in analysis
% HADES (*) (ee) 1-4 GeV p+A/ 1-2GeV A+A
as of 2012/Sep
CLAS-g7 (*) (ee) 1~2 GeV y+A \_ Y.
(ee) 30/50GeV p+A
(ee) 2~8GeV A+A
(ee) 20~30GeV A+A
TAGX  (mm) ~1 GeV y+A
LEPS (KK) 1.5~2.4 GeV y+A
CBELSA/TAPS(*) (fy) 0.64-2.53 GeV y+ p/Nb
ANKE (KK) 2.83 GeV p+A ' Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




Dilepton spectrum measurements in the world

TAPS/ICLAS
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Dilepton spectrum measurements in the world

NAG60O: p width broadening
- PHENIX: enhancement (cannot be explained yet)
-1 Chiral restoration at High-T is not confirmed yet
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DLS/HADES

E325/E16

TAPS/CLAS

[J0

CLAS-g7

1ents in the world

I

et)
t

ass dropping
1SS dropping and broadening
yroadening

*1 HADES: low-mass enhancement
=z Partial chiral restoration at p is measured w/
| the deeply bound pionic atom
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PRL 96(06)092301

000 }
800 }
600 :
400 :

200

t w(783)

,\

E325 150

100 ¢

S0 |

; PRL 98(07)04250
O B . . ; ;
e 0.9 1.0 1.1 1.2
BKG subtracted [GeV]
v E325: p/wy mass dropping

E325/E16

" CLAS-g7: p broadening

-7 HADES: low-mass enhancement

#:: Partial chiral restoration at p is measured w/

it the deeply bound pionic atom

TAPS/CLAS

¢ mass dropping and broadening
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KEK-PS E325

¢ 12GeV p+A (C/Cu) - p, w, ¢ inthe e'e channel

* below the wand @ peaks, statistically significant excesses over the
known hadronic sources including experimental effects

* interpreted : mass dropping 9.2%(p, w) , 3.4% ()

PRL 96(06)092301 150
1000 | W (783)
800 : {\ 100
000 :
4@@: 50 -
200 :
e T : ! PRL98(07)042501
oA e 1 0 . . . .
bkg subtracted Gev/c 0.9 1.0 1.1 1.2




Dilepton spectrum measurements in the world

NAG60O: p width broadening
- PHENIX: enhancement (cannot be explained yet)
P‘ -1 Chiral restoration at High-T Is not confirmed yet

...~ E325: p/w mass dropping
@mass dropping and broadening
- CLAS-g7: p broadening
% HADES: low-mass enhancement
' == Partial chiral restoration at p is measured w/
2 the deeply bound pionic atom
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Dilepton spectrum measurements in the world
Mosel, Leupold, Metag (arXiv:1006.5822)

experiment momentinm P W &
acceptance
KEK-E325
pA p = 0.6 GeV/c % = — 0% % = —9% % = —-3.4%
12 GeV Al =0 Al =0 Lolto) — 36
CLAS Am =10
YA p=0.8 GeV/e | Al' = T0 MeV
0.6-3.8 GeV (p = po/2)
CBELSA Am =)
JTAPS P < 0.5 GeV/e
+A p =0 MeV/c Al(po) = 130 MeV
0.9-2.2 GeV (p.) = L1 GeV /e
SPring#
A p = L0 GeV/c AlMpg) = 70 MeV
1.5-2.4 GeV (pe) = LB GeV/e
CERES broadening
Pb+Au pe = 0 GeV /e favored over
158 AGeV mass shift
NAGD Am =10
In+In pe =0 GeV/e strong
158 AGeV broadening
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Dilepton spectrum measurements in the world

Mosel, Leupold, Metag (arXiv:1006.5822)

experiment momentinm P W &
acceptance
KEK-E325
pA p = 0.6 GeV/e % = — 0% % = —9% % = —3.4%
12 GeV Al =0 Al =0 ol — 3.6
CLAS Am =0
A p = 0.8 GeV/jie | Al' = 70 MeV
0.6-3.8 GeV (p = po/2)
CBELSA Am =)
+A p >0 MeV/e Al (po) = 130 MeV
0.9-2.2 GeV (po) = 1.1 GeV/c |l \
SPring#
A p = L0 GeV/c Al'(pg) = 70 MeV
1.5-2.4 GeV | (pe) = 1.8 GeV/c
CERES broadening
Pb+Au pe = 0 GeV /e favored over
158 AGeV mass shift
NAGD Am =0
In+In pe =0 GeV/e strong
158 AGeV broadening
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Experimental methods:pros and cons

leptonic decay VS hadronic decay

- small FSI in the matter, but small branching ratio
proton/photon induced VS heavy-ion collision

- cold VS hot

- static environment VS time evolution

- S/N is better, production cross section is smaller
¢ VS p/lw

- isolated and narrow, but production CS is smaller

Why only KEK-PS E325 can observe the ¢ modification?

- proton induced : better S/N than the HI collisions
- large stat. using a high intensity beam : cope with the small CS

- good spectrometer keeps the good mass resolution and works under the higher
Interaction rate

\ Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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J-PARC E16 experiment

Systematic study of the modification of vector
meson spectra in nuclel

to approach the chiral symmetry restoration

4 N
J-PARC E16 Collaboration

RIKEN S.Yokkaichi, K. Aoki, Y. Aramaki, H. En'yo,
J. Kanaya, D. Kawama, Y.Morino,
F. Sakuma, T.N. Takahashi
KEK K.Ozawa, M. Naruki, R. Muto,
S. Sawada, M. Sekimoto
U-Tokyo Y.S. Watanabe, Y.Komatsu, S.Masumoto,

K.Kanno, H.Murakami,
W.Nakai, Y. Obara, T.Shibukawa
CNS, U-Tokyo H. Hamagaki
Hiroshima-U K. Shigaki

JASRI

J’ A. Kiyomichi )
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J-PARC E16 experiment

« Measure the vector-meson mass modification in nuclei systematically with the e*e" invariant

mass spectrum

« A 30 GeV primary proton beam (10°/spill) / 5 weeks of physics run to collect

~10° ¢ - e*e  for each target

21

« confirm the E325 results, and provide new information as the matter size/momentum

dependence of modification

~
Precedent exp.(KEK-PS E325)

~

counts/[8.7MaV/c?]
[«2]
o
O
counts/[B.7MeV/c’]
[=]
=]

N
o
—
i
.
(4]
o

o
[=]

8.7MeV/c]

counts/[B.7MeV/c’]
W
[=]
o

counts/[B.7MeVi/c’]
(4]
=]

=

[=]

=]
coul

200~

4]
=]

100+

h*/ndf=83/50 0;f/ndms/so oxz/ndf=56/50

08 1 1.1 2 03 1 1.1 1,2 0.9 1 1.1 1,2
IG [GeVich] [GeV/ch|

@-mass is modified in large nuclei for slowly
moving mesons... consistent with the

\_prediction based on the QCD sum rule )

-

[u]

N\

o T T T T T T T 717

~36MeV

D.95 1 105 11 !

Nuclear matter size 2
dependence

[MeV]

Proposed exp. E16
L Cu (1020}
Pb $(1020)

960

1020}

1000

980 [

¢ mass (1020)

|Measured by E32ﬂ

AM~35Mev/ _

0 1 2
momentum [GeV/c]

Momentum
dependence

of mass modification are measured

3

J
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charmonium vield @E16 (30 GeV)

e charmonium mass is governed by gluon condensate

- small modification is expected for J/Y
e even narrow width (no in-medium decays)

- width broadening (-10MeVv) and mass dropping (~10-100MeV) for X , Y(2s)

« very rough estimation w/ the production CS ratio

) Jy ratio U (3686) p+p *J"'FW +X
12GeV 30GeV  30GeV
op  70ub > nb s (PR1.92(2004)051802)
pCu 1mb  3mb*  0.dub® 1/30000 ?  [Fro} —
ee branch 0.03% 6% 200 07% [ | AN
F &
: ¥
yield 100000 700 1/150 <70 | 10’} /;5*‘
4 |
10 i
ﬁ ——— COM{GRV9SNLO)
 *1:JAM & empirical formula, from 12GeV data 10 /¥ S e
« *2:nuclear dependence ~A , from pp 10t
10 10
s (Gev)

« 10" ppp, 0.1% int. target ' Hadron-in-medium-




ee spectra of @meson (divided by By)

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)
% %100 %200

50! 100

o

o

Ic?]

[6.7MeV/c’]
(8]
o
6.7MeV.

counts/
(&
o
o

—
o
o

counts/[

200+

50+

100+

¥ ;
| W /ndf=43/50 | ’/mdf=56/50 |
. 12 % o9 1 1.1 12 % 09 1 1.1 1,2
[GeV/cT] [GeV/cT] [GeV/c ]
( only slow/Cu is not reproduced in 99% C.L. )
—Hagdron-in-mediwnAV

' S@Tokai 2013Aug06 S.Yokkaichi
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Expected Invariant mass spectrain e*e~
* smaller FSI in e"e decay channel

1) decay inside nuclei 2) decay outside nuclei

» double peak (or tail-like) structure :

- second peak is made by inside-nucleus
decay (modified meson) : amount °
depend on the nuclear size and meson
velocity

» could be enhanced for slower
mesons & larger nuclel

longer-life meson(w & @)cases : Schematic picture

outside decay inside decay

- (natural) : (mOdIfled) expected

- | - 3 to be observed
: + =

SR VI R S Sl
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Discussion : modification parameters

2) decay outside nuclei

* MC type model analysis to include the 1) decay inside nuclel
nuclear size/meson velocity effects /.

e

- generation point : uniform for @ meson P

« from the measured A-dependence
- measured momentum distribution

- Woods-Saxon density distribution

- decay in-flight : linearly dependent on 150

the density of the decay point
e dropping mass: M(p)/M(0) = 1 -k, (p/p,) 100
 width broadening: I'(p)/I(0) =1 + k, (p/p,)

e consistent result with the predictions by 50 |
Hatsuda & Lee (k,) , Oset & Lamos (IN)

k, =0.0347 05 | For @, 3.4% mass reduction (35MeV) | | | .
3.6 times width broadening(15MeV) o9 1.0 1.1 1.2

kK =26° atp_ [GeV]
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E16 . mass resolution requirement
* mass resolution should be kept less than ~10MeV

* Very ideal case : very slow mesons w/ best mass resolution:

150

100 ¢t

By<0.5, o=5 MeV

50 |

+ i -
| PRLB(07)042501 Y - Cu $(1020) C Pb $(1020)
09 10 11 o 1;.]2 : !
e B N
(E325 data ) . - ~35MeV
A L ] L -.__ L ] . o
0.9 0.95 1 105 11 09 D.05 1 105 11

\
(mOdel Cal Haghron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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@mass modification at p,

(vacuum value : m(0)=1019.456MeV, I'(0)=4.26MeV)

- m(p)Ym(0) =1 -k, (plpy) , F(P)F(0) =1+k, (p/p,)
determined by E325 (PRL98(2007)042581)

_ Am: -35(28~41) MeV, T : 15(10~23) MeV “
Hatsuda, Lee [PRC46(1992)34)] QCD sum rule

- Am: -12~44 MeV ( k=(0.15+0.05)y, y=0.12~0.22 ),
- I :notestimated

Klingl, Waas, Weise [PLB431(1998)254] hadronic

10°

- taking account of K-mass modification 070 080 089 m;‘é}g\” 110 120 130
- Am: < -10 MeV, [ : ~45MeV
Oset , Ramos [NPA 679 (2001) 616] hadronic w e

- different approach for K-mass =%

- Am: <-10 MeV, I : ~22 MeV for m=1020MeV, ~16MeV for m=985 MeV-
Cabrera and Vacas [PRC 67(2003)045203] ORO1+ hadronic |

N ‘
950 1000 1050 1100
q’ MeV]

- Am: -8MeV,I : ~30 MeV for m=1020MeV ' Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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expected shape w/ various parameters

E325 OR-01

Am: -35MeV|Am: -10 MeV
[ : 15 MeV [T : 15 MeV
- KWW-98
Am: -35MeV|Am: -10MeV
[ : 50 Mev | : 50 MeV
can distinguish

Am= -350r -10 MeV
[ =150r 50 MeV

By<0.5 0.5<By<1.25 By<0.5  0.5<By<1.25
Cu ] :
Cu
0.:9 0,:35 I ; I 1405 I 1 O,Z 0,95 I 'Il I 105 1.1 l:l.-El I 085 I ‘II I 108 I 11 o8 0.&& I ‘II I 1.05 1.1
Pb

\ Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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expected shape w/ various parameters

E325 OR-01

Am: -35MeV|Am: -10 MeV
[ 15 MeV |IT : 15 MeV
- KWW-98
Am: -35MeV|IAm: -10 MeV
[ : 50 Mev | : 50 MeV

blue: decays inside the
half-density radius of

nuclei in the

MC

12
f
o8
oe F
o4 F

va F

Cu

g 0.85 1 1445 1.

By<0.5

0.5<By<1.25

4

A 0.%5 1 1.05 1.1

By<0.5

0.5<By<1.25

bl 085 1 1.05 1.1

Do LR AR LR R LLRLN LELRY |

L
0.5% 1 1.08 1.1

3 .95 1 1445 11

BPS) Lay LLal L LR L L LA WL L L

[
095 1 105 1.1

L
1.08 11

ol | L i
08 0.85 1 1086 11

08 D86 1 188 11
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dispersion relation (mass VS momentum)

e prediction for ¢ by ‘MeV]|
S.H.Lee(p<1GeV/c) 090 ¢ mass (1020)
e current E325 analysis f
neglects the dispersion - [Measured by E325
(limited by the statistics) . AM~35MeV /
« fit with common shift | o
+

d w7
,, ’ L
- -

-t -"

i e .
nuclear targets in each T L

-

parameter k (p), to all ; } ................

momentum bin % *
+

W\ W R B S R i

:;: i’ljﬁ : ?o ‘ o % - o M o ?m “ 3\_: i [ ] . :

2 SERIT l T %0.1 s \\\ Sy 260 1

| i\, WA e = }\F“\%q___,___i__i ; Expected

B T A ERh e DT ‘T::-:!:.‘."L*l.---:-;-:.-i.:.:¥ T T T
0+t — 11— T O 1 2 3
| | | | momentum[GeV/c]
0 1 15 > 25

Bys adron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




momentum dependence =

31

 From the view point of experimentalists

- many predictions are for the mesons at rest (p=0)

 extrapolation to p=0 if it is a simple dependence
* From the view point of theorists

- dispersion relation of quasi particles are characteristic

Energy (E/M)

other effects

Weldon
(PRD40(89)2410)

- quark

E particle

E hole

0 1 2 3

Momentum (k/M)

Po [GeV]

Harada & Sasaki
(PRC80(09)054912)

| longitudinal === 1
transv: C=0.5 GeV =s=saaa
| transv: C=1 GeV

L
-
.
o

»
-
L
----
- .
. .
-

» fl
""""""""
» - ’
-----

- e -
-
""""""""
------
-----
;;;;;;;;
- -

-
-
-
wt =
L .
AL " “.-

-
'
-------
-’ L 3d
-t =
-------
.- =

¢ mass(1020)
1020
|Measured by E32ﬂ
AM~35MeV )
1000 “y“
980 Lessaaw
960
0 1 2 3

momentum [GeV/c]

Kondratyuk et al.
(PRC58(98)1078)




dispersion of quasi particle in condensed matter

« ARPES (angle-resolved photoemission spectroscopy) measurements

- Mass acquisition of Dirac electron in the topological insulator

- heavy electron w/ Kondo-effect in CeCoGe1.2Sio.g
4 )

\

e Sato et al. e Imetal.
(n.phys 7(2011)840) (PRL 100(2008)176402)

x=10 0.9 0.8 0.6

@ [(mbassfements)’ |, oroar
~oARPES a8¥%"
L e PAM $ A\

o) 1
(remhse™ =011 &
(o) |

| S

0.3 0.2 0.1 0.0

\ Wave vector \, J
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Impact of E16

hadron modification are observed in several experiments but interpretation is not
converged : “mass dropping or broadening?”

- theoretically the question is oversimplified : T- dependence, momentum dependence
- analysis difficulties in p/w in the dilepton decay channel

- small statistics and small data sets

pin down the phenomena for the vector meson in nuclei (p=p_,T=0) using @ meson

- confirm the E325 observation with improved resolution(x2) and statistics (x100)
- matter-size dependence and momentum dependence will be examined systematically
« first measurement of the dispersion relation of hadrons in nuclear matter
establish a low energy phenomenon which can be predicted by means of QCD
- mass generation due to the chiral symmetry breaking
Further Step (future experiment)
- slow @ at HIHR beam line with 10° tbeam, pp pair measurement, etc.

- higher density state using medium-energy HI collisions

 chiral phase transition in the high-density region
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pback up
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velocity and nuclear size dependence

« velocity dependence of excesses (‘'modified'’ component)

 E325 only one data point for ¢ (slow/Cu) has significant excess

“g oL C fy<l.25 “%
) ’ ~ 0.3
= — Cu Model Calc. k=0.04
° + - guhff\lfloddeilgelllc.kho.oz
QA D odel Calc. k=0.04
Q -- C Model Calc. k=0.02
o g 302 F
3 3 >
2 : <
£-100 . ;
z : 2
v
0.1 -
B0+ 2‘11
N 5 )
Ejzou- i
B 8
L -0.1 | | | I
100 : - : - 3
By
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velocity and nuclear size dependence

e velocity dependence of excesses (‘'modified’ component)

« E325 only one data point for ¢ (slow/Cu) has significant excess

e systematic study : all the data should be explained the interpretation model

—~. 0.3
E=x

<

©
N
|

NEXCGSS /(NBXCBSS+

—
—
I

Cu Model Calc. k=0.04
Cu Model Calc. k=0.02
C Model Calc. k=0.04
C Model Calc. k=0.02

-0.1 '
1

1.5 2 2.5

3

—~ 0.3 I

Nexcess / (Nexcess+Nc|>

x 100 stat.  oH—F 1 F 3yt

0.1 — !

- establish the modificatidn
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velocity and nuclear size dependence

e velocity dependence of excesses (‘'modified’ component)

« E325 only one data point for ¢ (slow/Cu) has significant excess

e systematic study : all the data should be explained the interpretation model

Nexcess / (Nexcess+Nc|>

- establish the modification
- check the interpretation model with shape analysis

for each histogram Hadron-in-medium-WS@Tokai 2013Aug(6 S.Yokkaichi




dispersion relation (mass VS momentum)

38

e prediction for ¢ by
S.H.Lee(p<1GeV/c)

e current E325 analysis
neglects the dispersion
(limited by the statistics)

N excess /(N excess+N¢)
o
(¥

- Ou Model Calc. k= 004
f‘“ h | | 02

—_ C Model Calc. k=0.04
-- C Model Calc. k=0.02

adel Cale k=0
WO UST wdil, REU.

il

-0.1 ‘
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dispersion relation (mass VS momentum)
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counts/[67MeV/c)
- &

counts/[B.7MeV/ &)
5

e prediction for ¢ by
S.H.Lee(p<1GeV/c)

e current E325 analysis
neglects the dispersion
(limited by the statistics)

[MeV]i

1020}

1000 |

N excess /(N excess+N¢)
o
(¥

= Cu Model Calc. k=0.04

Cu Model Calc. k=0.02
=  Model Calc. k=0.04
-- C Model Calc. k=0.02

-0.1

! ! !
1.5 2 2.5 3

¢ mass (1020)

980 |

960 |

Measured by E325

AM~35MeV /

1 2
momentum[GeV/c]
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dispersion relation (mass VS momentum)

e prediction for ¢ by ‘MeV]|
S.H.Lee(p<1GeV/c) om0l ¢ mass (1020)

e current E325 analysis f
neglects the dispersion - [Measured by E325
(limited by the statistics) . AM~35MeV /

e fit with common shift |

parameter kl(p), to all },
nuclear targets in each 980 |

momentum bin %[
+
W\ W R B S R i
E «f T o Ty ; i = T &2 [} T -
B S - l T §0.1 - }‘\\ E H 960 i
; “ i )’53 o] 2 }\‘;;_}ihf:_‘i"j-——i i
i el Tl :?::-:!:.-:L-';-;-";':Fi-:-:¥ 7|\\| N B N B R L1l
0 H 13— 0 1 2 3
| | | | momentum[GeV/c]
01 1 15 2 25
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<Ss> & @meson mass

41

<Ss>(p) (Ss condensate in medium whose density is p ) IS relevant the ¢

mass in nuclear matter under the QCD sum rule analysis by Hatsuda
& Lee (PRC46(92)R34 : HL92)

- linear approx. : <ss>(p)=<ss> (vacuum) + <N|ss|N>x p

e <NJss|N> should be determined by experimental data

e Recently <N|ss|N> (so called “ strangeness content in nucleon”) is
calculated with Lattice QCD

- found to be smaller than the assumed value in HL92, however, agree
within the error : predicted value '2-4%' is not so affected

| T T
N o—
——
N=2+1 *
—.—
D e—
—8—
_E_
_‘_'—
—97
=
_E_
N=2+1+1 —8—
=
L

1 1
-0.05 0

0.05 0.

spectrum method [7]

ratio method [8]

spectrum method

ratio method
Young-Thomas (09) [9]
Toussaint-Freeman (09) [10]
Engelhardt (103 [11]

Gong e al. (12) [12]

Duir er al. (12) [13]

Horsley er al. (12)[14)

Toussaint-Freeman (12) [15]

Toussaint-Freeman (12) [15]
Dinter ef al. (12)[16]

. arXiv:1208.4185

—>

fro = mJ/my <N|ss|N>
m,=80MeV

<N|sbar s|N>

R

- —

- —{—
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To collect high statistics

» For the statistics 100 times as large as E325, a new spectrometer and
a primary beam in the High-p line are required.

- To cover larger acceptance ' X~ 5

- Higher energy beam (12 - 30/50 GeV) . X ~2 of production

- Higher intensity beam ( 10° - 10" /spill (1sec)) :x10 ( — 10MHz
Interaction on targets)

- to cope with the high rate, new detectors (GEM Tracker & HBD) are required.
g Proposed Spectrometer

Plan View Prototype Module

| nuclear targets| 5m

| EM calorimeter |\
30/50 GeV
roton beam

| GEM Tracker

Hadron blind
electron identifier magnet pole piece

26 detector moqI les

‘Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaicl
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High-p line in the Hadron hall

« 3 years plan of the construction : budget requested by KEK to MEXT
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High-p line in the Hadron hall

« 3 years plan of the construction : budget requested by KEK to MEXT
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E16 Schedule

«2007: stagel approval

«2008-2010 : development of prototype detectors w/ Grant-
INn-Aid(2007-8, 2009-13)

«JFY 2011-12 : additional parts of the spectrometer magnet , l =
R/O circuit development ) ——

— 1% module of production type (GT and HBD) *
— 1% test type preamp for GT
« tests @ J-PARC K1.1BR

« JFY 2013 : start the production of the detectors/circuits

« JFY 2014/4Q : magnet reconstruction

™

o start the detector install

«JFY 2015/4Q : ready for the first beam

— staged goal of the spectrometer construction
(w/ 8 detector modules)

\ Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




J-PARC E16 experiment

« Measure the vector-meson mass modification in nuclei systematically with the e*e" invariant

mass spectrum

« A 30 GeV primary proton beam (10°/spill) / 5 weeks of physics run to collect

~10° ¢ - e*e  for each target

46

« confirm the E325 results, and provide new information as the matter size/momentum

dependence of modification

~
Precedent exp.(KEK-PS E325)

~

counts/[8.7MaV/c?]
[«2]
o
O
counts/[B.7MeV/c’]
[=]
=]

N
o
—
i
.
(4]
o

o
[=]

8.7MeV/c]

counts/[B.7MeV/c’]
W
[=]
o

counts/[B.7MeVi/c’]
(4]
=]

=

[=]

=]
coul

200~

4]
=]

100+

h*/ndf=83/50 0;f/ndms/so oxz/ndf=56/50

08 1 1.1 2 03 1 1.1 1,2 0.9 1 1.1 1,2
IG [GeVich] [GeV/ch|

@-mass is modified in large nuclei for slowly
moving mesons... consistent with the

\_prediction based on the QCD sum rule )

-

[u]

N\

o T T T T T T T 717

~36MeV

D.95 1 105 11 !

Nuclear matter size 2
dependence

[MeV]

Proposed exp. E16
L Cu (1020}
Pb $(1020)

960

1020}

1000

980 [

¢ mass (1020)

|Measured by E32ﬂ

AM~35Mev/ _

0 1 2
momentum [GeV/c]

Momentum
dependence

of mass modification are measured

3

J

| Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




a7

HADES

lower energy HI collisions : A+A — e'¢e

However, Ar+KCI| have enhancement

DLS data is confirmed, and the puzzle in A
over the (pp+np) estimation

C+C is resolved by (pp+np)[PLB690(10)118]

[PRC84(11)014902]
{QZ‘“1 0_2 1l_|_| B nl T T I | T T | | | | I_
> e 2C2C 1 AGeV ca;mﬂ;h (@) =
D - ]
=103 il 3 S F :
:mm Eﬁ o 5 (pp+np) 1.25 GeV E : 1; Ar+KCI -1 :
© 8 _.>9° S s 1.76A GeV

S0 o P > =10"F ﬁn E
5 E B $ [ Piace / :
S 100 ugﬁfﬂh = 2L ) Z
S :E “ua HE — 5| u & - '-"lr | - |
S 98 S 10 o Ei $143
o - - TR .
107 Pt = R T
o 172[pp+np]-M ¥ $+ +
107 ‘ 10°E 1 25 GeV $ :
EI 11 | I T I B I | é 11 | I | : 1 1 1 I ' 1 1 | ! ! +' | ':

0 . 0.4 1 0 0.2 0.4 0.6
2 -
Mee [GE‘u’fC] M., [GeV/c?]

hi



-t
[e]

do/dM,, [mb/(GeV/c?)]
o
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S
w
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105
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2|8

HADES 3.5GeV/c pp and pNb

2%
£ &%

[ o > 9°
F0.1<P,<2.0 GeV/c

[ P,.>0.8GeVic
' B T

'

"

B’

02 04 06 0.8
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1
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Slow:

—e— p+NDb

—e— p+p (scaled)‘;

L O, > 9°

F 0.1<P,<2.0 GeV/c

=P, < 0.8 GeVic
3 PR T NI T T A T O Y
02

0

Pee < 0.8 GeV/c

« EXcess in the slow component in
the p+Nb data

* p enhancement by secondary 1t

& W suppression?

Hadrc

1 d

x10

[PLB715(2012)304]

(zoomed)
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Vector meson measurements in Heavy lon CoII|S|on

) ><‘IOSI"'I' L DL LA DAL DL DL
« CERES : (PLB666(2008)425) e PRI
8 1y | - combinatorial backgroun@
“broadening by hadronic effect “ is favored £ L ]
> [ raw data|:
© aoo_—:g
40055
1-Bii?q-5'| T T T L IR ENLNL LI LR 200;%
[ "ﬂl| cocktail p . H
16 _ | I| """"" dropping p mass _ O b2 64 08 08 T 12 T4 16
| — —=- in-medium hadronic M, (GeVic?)

14f] |

(a) i bkg subtracted
. F CERES/NA45  Pb-Au 158 A 'G'e'v'
(T,,,qfnm 7%

p>200 Mewc
0,.>35 mrad |

—
=
T

resonance subtracted

2.1n<2.65 ]

<dN,,/dm>/<N_, >(100 MeV/c?)"

(a)

<dN,/dmg,>/<N_>(100 MeV/c?)
S

. 107 8 j 3
) $i¥ _' 10° f I". -
R S P = e 0 02 04 06 08 1 12 14 76
1 1.2 1.4 16 mg (GeV/c®)

m,. (GeV/c?) ' Hadron-in-medium-wWs @ 1 okal 2013Augub S.YokKaich
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Vector meson measurements in HIC
« CERES : e'e” (EPJC 41('05)475) « NAGO : (PRL96(06)162302)

- anomaly at lower region of p/w - p o W
* In A+A, not in p+A - width broadening
- relative abundance is determined by - 'BR scaling is ruled out'
their statistical model
3 L In-In SemiCentral
= B excess data
@3500_— all Pr RW (norm.)
o - dN,,_ BR (norm.)
= 3000 < dn Z35=133 Vac.p (norm.)
g - cockt.p (dashed)
° = DD (dashed
bkg subtracted - ashed)
;3 I%[:)l--"i".;.l 45':' GIE"-.::' ;'2.1I-=:1'|-=:I2.SI5 :E s| g Pb-Au 158 AGeV OOy = 35 % 2000:_
iw_' F'GJ.-"’fg;ﬁ:";"d’; E Lo | p, > 200 MeVic B
g (dil ) =70 g E : g 1500|—
%m" ;E;Loﬁ._$_—§—+ | ™,)=220 B
%w § e f_ : 1000~
g,u-f fg 500:—
: 1 [ I A m ST bkg & resonance subtracted -
m_ [GeaVic R
m_, (GeVic?)
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Vector meson measurements in Heavy lon Collision

e PHENIX : [arxiv:0706.3034v1,PRC81(2010) 034911]

- 200GeV /u Au+Au - e'e

- enhancement below w
- cannot reproduced by any model at low pT

- at high pT, thermal photons reproduce

-1 LI |. I LI | |.| I LI L L] LI I rrri oo I LI I LI
YE min. bias Au+Au at\[s,, = 200 GeV
. « DATA KU—PYEE JY¥ — ee
1078 WyI<035 .. n— yee ¥ —ee

----- CT — ee (PYTHIA)

p—ee e ¢ — g€ (random correlation)

pr = 0.2 GeVic N — yee

® — ee & Tee
—_— — ee & Nee

bkg subtracted

LN

1IN, dN/dm,, (c 7GeV) IN PHENIX ACCEPTANCE

-
",
-
.
*,

Yo,
s

M. (Gevic) ' Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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Vector meson measurements in Heavy lon Collision

PHENIX
200GeV /u Au+Au - e'e

. [arXiv:0706.3034v1,PRC81(2010) 034911]

enhancement below w

cannot reproduced by any model at low pT(<1GeV/c)

at high pT, thermal photons reproduce

.
o % min. bias Au+Au \/s,,, = 200 GeV
: i © » DATA jmm 70 _ yee Jw - ee
® o Ny H"HH e = g 102 B~ |y| <0.35  =mmmmm n— yee y' — ee
g o DATA amma) 3 YRR v — ee |<_[ p® > 0.2 GeVic— n —vyee " cT — ee (PYTHIA)
_ : o - o p—ee — sum
g 108 i< 5256 " W yee ¢t — ee (PYTHIA) W y & 200" ¢T — ee (random correlation)
5 p;>0.2GeVic p—ee — EBeyaa (PYTHIA) 3 10 //// m—eearn ee _____ Uy (PYTHIA)
w ; < W é4-s00dneo DY PYTHIA
3 10° % & - ee & lee ---DY — ee (PYTHIA) ST N D —ee( )
§ W ee&nee —sum E 104 i
P i = %52&25 /‘, 1 '%,t
‘‘‘‘‘ ; 105 7 /; 74 b 1], "% =
£ G / : 3 77 4 Nl ™. L
S 1078 S WAN
g /// //// LR ‘H’m -6 7;,’?7/)2;}/ TR St - ""”'"n .\.‘i.
Sl ) gl AN e
100 N z 7\
= = ,;/,4
E /;/)'//;;/ XE\\\ 10? 4 MQ\\
h=] o )
10—9 ////// SN o NS
// E ;&&;} --------------------- ot P \ M |
5 : I QUL Ty, g 10 - .m
e = . 3 . 44
5 1.5 = 1
S 8
S 3 10"
a 05 0 0.5 1 15 2 25 3 35 4 45
(o) TEPEPITE IR A | IFEPETITS SPETEPE EPIATArE BT arar A 1 m.. (GeV/c?)
0 05 1 5 2 25 3 35 g bk SUbtraCted o
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Vector meson measurements in Heavy lon Collision
« STAR (preliminary): [arxiv:1305.5447v1,1208.3437,etc]

- 200GeV /u (& 62.4, 39.0,19.6 GeV/u) Au+Au - e'e
- enhancement below w

- “discrepancy between the PHENIX data" ...acceptance?

- some models (like for NA60O) reproducethe data

10] ' .
= 19.6 GeV 62.4 GeV
— sys. uncertainty
NE 10° 3 — cocktail
E ------ + medium modifications
E 1 STAR Preliminary ® data
= T F Au+Au Minimum Bias
a
g
Hﬁm 102 |
™ @
£
52 10° | '
=
= bkg subtracted
1[}—4 ||||| 1 |

0O 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
dielectron invariant mass, M_, {GeWcE)
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CLAS-G/(PrC78(2008)015201)

Counts

+ -
yvtA -V - e'e
no anomaly for p >0.8GeV/c
200
il ok L S il
A P o— [t P —= e+e=— )
250 : fitresult | 2 132 ; fit resul | (b)
200 @ 120 F
L - = o
150 = g 1M
[ I o 30:-
100 | 60 | |-'|'
i 1SV 40 E e
50 - AT 1 HE - - i
; L 'f;:,l h 20F Thin I I!|- o '.lu;
0 Loscbosnd T [Sper”i | . 0 PETE i o I, ¢y > . 1
02 04 06 08 1 1.2 0.2 04 06 08 1 1.2
e+e= Invariant Mass (GeV) e+e=Invariant Mass (GeV)
120
[- - - = 00— ete—, T'e+e—
.......... H —= e+e—
100 [— - P —= e+e—
i fit result (c)
80 |
2 ;i
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S t
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20 F
g 06 08 1 1.2
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i l4 L
4+

BKG subtracted
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300 [ |
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: f
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[ |
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CLAS-G/(PrC78(2008)015201)
* VA -V 5 e'e

 no anomaly for p >0.8GeV/c : p mass dropping <4% in 95%C.L.

- p width broadening (up to ~45%) is consistent with the collisional broadening

- w modification is not included in the analysis

200 ¢

300 :'----E:JJ—a-e-i-e-,Ttoe e 180 :_"“3]—":*2:-7509*'
.......... — ete— o 0 —= 24
I . [ i P — e+ | . .
sl fitvesul | & 1?2 F— i reslt | (b) p/(,o mass dropp| ng is 9%
200 | ' 120 :
I E 100 E f events[/10 MeV/c?]
E b ] § 80 3 5
i it tooof- (P) CU -
[ 40 F pilh ¢ B
50 | ; o ’ .
; - | By e 20 _ ”'Iﬂ" I||. e .nll:l ;J Wlth k
B T T e P M - L CEE SN el M o, Rt SIo
g 02 04 06 08 1 1.2 . 0.2 0. 0.6 0.8 1 1.2 800 mass —_— flt res Ult
e+e=Invariant Mass (GeV) e+e=Invariant Mass (GeV) T .
120 modification| o + -
:----3)—- e+e—, Mlere— 600 p%e e
.......... — fE— -
100 [-.m.me p — e+e— e (!)%e-ke
i fit result (c)
80 F 400
‘n -
5 60f
N: 200
=_|I.I"":.-.: ..... -
20 s I - e
- s Y ¥ A 0 " T I |i.| A
0=02 04 06 08 1 12 0.6 0.7 0.8 0.9
+g=|Invariant Mass (GeV) Inva"ant mass [GGV{"Czl

BKG subtracted

PRC78(2008)01520]
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CBELSA/TAPS (PrL94(05)192303) )

Y (- YyY)

« anomaly in y+Nb, notin y+p

counts /[ 3 Merc2]

10

 shift param. k~0.14
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CBELSA/TAPS "
* VA - W - TY( - VYY) .

 excess iny+Nb, notiny+p » excess is not reproduced
[PRL94(05)192303] significantly by the following
experiment [EPJA47(11)16]
“;*-‘: S0 Foz< D, 104 Gevic ‘E 600 04 <1 p, I 06 GeVie o0 ) ‘H; o Lrﬁll":; : __
2 400 2 [LHyo=281206Mev qH  IMC _
33““ 32: [ Nb: o =291+ 28 MeV
2 200 F ) T=-029% 0.16
8 100 g 200 SR
0 f 0 ! E
o T s |
2 Z 25
g 15 o 20
S 10 5 15
g 5 § 12 0
R i i i i A S S T B TP
540 ™ 960 540 750 960 600 650 700 750 8O0 850 800
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\ Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi




58

mass resolution requirement
* mass resolution should be kept less than ~10MeV

g=11MeV g=5MeV 0=20MeV
Fast :— - I :
~ | -
A C C
= | -
= n r ]
" [ ] '] I [ ] :
0.8 1 1.2 0.8 1 1.2
Slow 1
g
v
:;;.-_
o
[ ] I [ ]
0.8 1 1.2 0.8 1 1.2 0.8 1 1.2

(mOdel calc. for the Cu target, k2:10) ' Hadron-in-medium-WS@Tokai 2013Aug06 S.Yokkaichi
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target thickness optimization

y-conversion in the target materials : trigger background

- when 100 of T are produced,

« 1.2 ee pair from the Dalitz decay

« [200 x target-Xg ] ee pair fromthe ™ - 2y decay
- Thus, comparable point is target-Xg = 0.5%
radiative tail (bremsstrahlung) for the electron tracks

- Material budget is ~1% in the tracking detectors except the target.

thin target is compensated using the higher intensity beam

- Interaction rate at the target can be conserved
- beam halo is scaled to the intensity

* halo rate is assumed as same as E325 : KEK-PS EP1B beamline

- ~1-3k/mm? at 10cm from the beam axis for 1.6 x10' protons
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Note: shape and its nuclear matter size /"~
momentum dependence

e size of “mass shift” or “mass dropping” (Am)

- proportional to the density . physics

- could be dependent on the momentum  : physics

 number of “shifted” meson
- proportional to the matter size . experimental viewpoint : use larger nuclei
- depend on the meson life

e [y of mesons . experimental viewpoint: select slower
e decay width change . physics
* observed shape

- depend on the “shift”, width, and density distribution of the nuclei
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width broadening by absorption

Attenuation measurements:

- absorption in nuclei evaluated from the A-dependence of production CS using

theoretical models (Glauber, Valencia, Giessen...)
- additional width: ~ T'gps = IpBco g
LEPS . @ : oyps =35mb, p=1.8 GeV/c [PLB608(05)215] (- '=~100 MeV)

TAPS . w: o055 =70mb, p=1.1GeV/c, =~150 MeV [PRL100(08)192302]

CLAS: ¢:16-70mb, 2 GeV/c, '=23-100MeV [PRL105(10)112301] g _
- A-dependence of w ( p=1.7GeV/c) is not reproduced by any model gmo 5pnn38!
ANKE : @: 14-21mb, 0.6-1.6GeV/c, 50-70MeV [arXiv:1201.3517v1] A+ = =N
i s JLab{
’ 283 Gev p+A = D:_} —— :’IE—[::E;:R:_:_} 1 _ ]

Note: S v
al SPring-8

- different from the old higher-energy photo-production data _ ) _
- No one measured the width directly through the mass shape gl ﬂiﬁ: oo

' Hadron-in-medium-WS@Tok oI ;Jcl[(_;azefg;‘c]
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E325 A-dependence of the meson production

Cross sections

values for the CM backward

consistent w/ the former measurement
for p meson by Blobel
(PLB48(1974)73)

Nuclear dependence a,=0.937
corresponds to about o wN:B.?mb (cf.
Sibirtsev et.al. EPJA 37(2008)287)

additional le% MeV for 2 GeV/c @

(B=0.9) : consistent with =15
MeV (i.e. k,=2.6)

Remark:
I‘(p:15 MeV at m(p:985MeV IS consistent

with Oset & Ramos et.al
(NPA679(2001)616)

1

PRC 74(2006)025201 -

1 10 10?
nuclear mass number
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width broadening

width broadening due to the nuclear interaction

- absorption by nucleon: @+ N - X+Y

e Iy (=T aps (onlyinmedium)+ [y xx+ Ty e +...) Changes
- additional 24MeV in near QGP (Smith and Haglin, PRC57(2001)1449)
- Kaon mass modification : phase space changes

* @ - KK probability (T . k) changes

- @ - ee probability (I, .. ) could be modified through the wave function
change

2 9
- van Royen-Weisskopf formula 1y, +.— = 167T 2| (r = )|
fake width broadening in mass spectra

- momentum dependence of mass : projection to invariant mass spectrum
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density & chiral condensate in HIC

Which is suitable (interesting) energy for the search of anomaly,

between AGS and SPS? between SIS and AGS ?
[density] [chiral condensate]
, where|(qq)/(qq)olis smaller than r
. 6000 - o AN
12 Au+Au (central) 7 i Au+Au (central)
10k 5000F 4
8t 5: E/A=H0 GeV - 4000 F
s || -
3. E
ST 3000 -
. o
‘ -
_ 2000 | N
Al \Q:\:\}g‘;‘? 1.5 Py -
| 1000 |- IRREEEON
0 .i 1 A 1 1 1
0 5 10 15 20 25 0 e
t., (fm/c) ' 10 100

Ew/A (GeV)

(Friman et.al., EPJA 3(1998)165) _ _ _ -
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