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Experimental study of vector-meson modification
in nuclei

Satoshi Yokkaichi
(RIKEN Nishina Center)

1) Introduction

 How can we observe the chiral symmetry restoration ?

* Expected spectral modification of vector mesons in nuclei
2) Performed Experiments in lower energies: cold dense matter
« KEK-PS E325: 12 GeV p+A reaction

e Other photo-production experiments

3) Future experiments at J-PARC

« E16 . 30 GeV p+A reaction
P26 and LOIs : mesic nuclei (bound state)
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Mass and chiral symmetry in nuclear matter

M) quark mass
- 10° Higgs mass [
.8 QCD mass
o 104 )
;__/)) 3 103
big bang 10psec 0.lmsec ' -
MU |
qmuairs'f OMeV 3MeV 300MeV ' ud s e bt
from Higgs from chiral condensate (gq)
* Origin of hadron mass : spontaneous [ 1\\]@;1\5’?;%3 5;
breaking of chiral symmetry 4 /<da>, %)

In nuclear medium:
Normal nuclear density

* In hot/dense matter, chiral symmetry is
expected to be restored

— hadron modification is also expected 300 Me

— many theoretical predictions... Temperaire )
Density




Vector meson mass spectra in dense matter

. : r )
* meson at rest (p=0) ‘effective Lagrangian |
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dispersion (mass VS momentum) in dense matter

é [MeV]: N
- S.H.lLee (PRC57(98)927) m'/m =1- k plp, 10201 p-mass
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dispersion (mass VS momentum) in dense matter

« M.Harada & S. Sasaki (arXiv:0902.3608v1)

- p—a, mixing in dense matter

- ;L longitudinal ==~
transv: C=0.5 GeV =m==uu== a
| transv: C=1 GeV = 1
2.5
S
Y
g p

T

p [GeV]

E325 measured
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Vector meson measurements in hot/dense matter

- HELIOS/3 (ee, pup) 450GeV p+Be / 200GeV A+A

-
g - DLS (ee) 1 GeV A+A
= - CERES (ee) 450GeV p+Be/Au / 40-200GeV A+A
§ - E325__ (ee,KK) 12GeV p+C/Cu
i - NAGO  (pp) 400GeV p+A/158GeV In+in (" published/ :modifiep!' | ™
% - PHENIX (eeKK)  p+p/Au+Au fjﬁ,ﬂ'ﬁ,ge/‘,jrf aﬂf;@i?f'ed
= — HADES (ee) 45GeV p+A/ 1-2GeV A+A 2s of 2008/ Ju
- CLAS-G7 (ee) 172 GeV y+A N /
- (ee) 30/50GeV p+A / "20GeV A+A ?
- (ee) 20730GeV A+A
= TAGX  (mu "1 GeV y+A
- STAR  (TutKK) p+p/Au+Au
- LEPS (KK) 1.572.4 GeV y+A

- CBELSA/TAPS (1fy) 0.64-2.53 GeV y+ p/Nb
. Nagoya WS 09Mar04 S.Yokkaichi |




Vector meson measurements in HIC
 CERES:e'e” (EPJC 41(05)475) * NAGO @ (PRL96(06)162302)

. — R
— anomaly at the lower region of p/w p—-HH:
e in A+A, not in p+A — width broadening
. . . . _ 1 ' ' 1
- relative abundance is determined by their BR scaling is ruled out
statistical model
E - In-In SemiCentral
I e s
G Fp-AU4E0 GeV  21<n<265 < 4|z Pb-Aul58 AGeV G35 % % ool dn ee 133 E’:CFS(():c?r-r)n_)
= Py =50 Mevic = 10 . . = - cockt.p (dashed)
§1U é ”}‘i’ :i:k S g DD (dashed)
%1-: ii, T I . :5.63 2000|—
’ o i R M (é’éV) T
- o m;e (Ge-\f!c ’)_

* Discussion is continuing
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Experiment KEK-PS E325
e 12GeV p+A - plwlp +X (p/lw@ - e'e, p - K'K™ )

* Experimental key issues:

- Very thin target to suppress the conversion electron background (typ.
0.1% interaction/0.2% radiation length of C)

- To compensate the thin target, high intensity proton beam to collect
high statistics (typ. 10° ppp — 10°Hz interaction)

- Large acceptance spectrometer to detect slowly moving mesons,
which have larger probability decaying inside nuclei (1<By<3)

;ollaboration

J. Chiba, H. En'yo, Y. Fukao, H. Funahashi, H. Hamagaki, M. Ieiri, M. Ishino, H. Kandas
M. Kitaguchi, S. Mihara, K. Miwa, T. Miyashita,T. Murakami, R. Muto, T. Nakura,

M. Naruki, K.Ozawa, F. Sakuma, O. Sasaki, M.Sekimoto,
T.Tabaru, K.H. Tanaka, M.Togawa, S. Yamada, S.Yokkaichi, Y.Yoshimura
(Kyoto Univ. , RIKEN, KEK, CNS-U.Tokyo, ICEPP-U.Tokyo, Tohoku-Univ.)
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- 1993 proposed HiStO Of E325

- 1994 R&D start E325 spectrometer
located at KEK-PS EP1-B primary beam line

- 1996 construction start
— '97 data taking start
- '98 first ee data

* PRL86(01)5019 plw(ee)
- 99,00,01,02....

e x100 statistics
PRL96(06)092301 p/w (ee)
PRC74(06)025201 a (ee)
PRL98(07)042501 ¢ (ee)
PRL98(07)152302 ¢ (KK),a

— '02 completed

- spectrometer paper

e NIM A457(01)581
* NIM A516(04)390

Nagoya WS 09Mar04 S.Yokkaichi




10

AM e”mental setu schematic plan view of spectrometer

* Spectrometer Magnet

— 0.71T at the center
— 0.81Tm in integral

-.L_.I_II|IIII|IIII|III

2000
* Targets
— at the center of the
Magnet
- C & Cu are used
typically
— very thin: 70.1%
interaction length 1000

* Primary proton beam
- 129 GeV/c —2000

- "1x10° in 2sec
duration, 4sec cycle —3o000

|IIII|IIII|II!_,J.-

— 1000 0 1000 2040 3000 4000 5000 BR0D




* Typical e'e” Event

blue:electron
red : other

Invariant mass
and momentum
of mother
particle can be
calculated
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E325 Results
e’e” invariant mass spectra

M. Naruki et al.,

PRL 96 (2006) 092301
R.Muto et al.,

PRL 98 (2007) 042501
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measured kinematic distribution of W@ - e'e

. O<PT<1,

* 1<Py(=p/m)<3

0b<y<?2

(Y=1.66)

(0.8<p<2.4GeV/c for w, 1<p<3 GeV/c for @)

s W )
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Expected Invariant mass spectra in e'e
* smaller FSI in e'e” decay channel

1) decay inside nuclei 2) decay outside nuclei

* double peak (or tail-like) structure : s
— second peak is made by inside-nucleus
decay (modified meson) : amount depend P

on the nuclear size and meson velocity

* could be enhanced for slower mesons &
larger nuclei

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

outside decay inside decay
(natural) (modified) expected
3 ‘ 3 : to be observed
n + — L
A N = R
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Expected Invariant mass spectra in e'e
* smaller FSI in e'e” decay channel

1) decay inside nuclei 2) decay outside nuclei

* double peak (or tail-like) structure : s
— second peak is made by inside-nucleus
decay (modified meson) : amount depend P

on the nuclear size and meson velocity

* could be enhanced for slower mesons &
larger nuclei

shorter-life meson (p)case : Schematic picture
outside decay inside decay
(natural) (modified) expected

i N i to be observed
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E325 observed the meson modifications
* inthe e'e” channel

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

PRL96(06)092301 150

L w(783)
800 f (\ Cu

1000

100 |

600

400

S50 |

200

PRLI8(07)042501

9] ‘ — ‘
I I I | I I I | I I I | I I I

09 10 11 12
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Observed e'e” invariant mass spectra

from 2002 run data ("70% of total

data)
C & Cu target
clear resonance peaks

m<0.2 GeV is suppressed by
detector acceptance

acceptance uncorrected

W C w3
[ I

1000 —

800 -

400 b

200 [
— fit the spectra with known sources t

600 —

4
i [
il I.'..l ||||||||||||||||||||| “:‘ﬂ:'“':‘wﬁ- llllll
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Analysis : Fitting with known sources

 Hadronic sources of e'e”:

experimental effects

Cx1(1.0mm, 0.227g/cm2)

et C Breit—Wigner

- relativistic Breit-Wigner shape ( without L J - R

any modifications, but internal radiative 22 Lol -

) : 0.43% rad. length | — cotciorertect
corrections are included ) . _

- plwlp > ee, w - mee ,n > ye'e

— Geant4 detector simulation

* multiple scattering and energy loss of
e’/e in the detector and the target
materials

 chamber resolutions
» detector acceptance, etc. mass acceptance

e Combinatorial background :event mixing -
method -

* Relative abundance of these components are
determined by the fitting

0.2 0.4 0.6 08 1 1..
[GeV/c?]
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Fitting results ( p/w)
eventsl/ 10Mev/c”l  X2/dof=161/140  eventsl/ 10Mev/c  x2/dof=154/140

- - (b)) Cu
1500 | () G —fit result 1500 - | PR
( : w—>e'e [ s atem
1250 S etes 1250 ( :u B e
° [ po—>ee
e | —p—>e'e
1000 _> - 1000 N g.gj <
GN [ n—>eevy
[ R | :
750 F | w—>een 750 | S ot
[ background : | background
500 | 500 [
250 | + 250 J
[ . : .
oL I e _/ﬂ s ot | o
0 Q.5 1 1.5 > 0 . ! P
[GeV /c’] [Ge“\z’/ci]

* 1) excess at the low-mass side of w

e To reproduce the data by the fitting, we have to exclude the excess
region : 0.60[D.76 GeV

* 2) p—meson component seems to be vanished !
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Fitting results (BKG subtracted)

p/w <0.06 +0.09(syst.) |,

<0.08 + 0.21(syst.)  (95%CL)

200 ’ C | 000
000 f\ 7
8 800 k-
B \ — fit resylt
800 L \ wj e%e:
_ S s B
600 | | _@3 S <- o
— e e
- —?)%ﬂoeﬁéf
i | 400 F
400 F ||
: AR ,
i ‘u 200
200 #o
I 4
#ﬁ% fi Qﬁﬁ/ SO 0
O Il \" \‘ i‘T‘ Il Il Il ‘ T‘\‘+++ﬁTT\ ‘ Il \‘ L Il Il
0.4 0.6 0.8 1 T.2 0.7
[GeV /c’]

I
a

- o
4 4 # // \
Wbl b\ J\

R AR

TR
T T
I I

I | I I
0.0

0.8

w .2
[GeV /%]

However, p/w=1.0%0.2 in former experiment (p+p, 1974)
..suggests that the origin of excess is modified p mesons.
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@ - e'e invariant mass spectra

from 2001/02 run data

C & Cu target

acceptance uncorrected
mass resolution :10.7MeV
fit with

— simulated mass shape of @

* (evaluated as same as p& w)
— polynomial curve background

[Counts/6,7Mev/c’]

400

300

200

0.9 1 1.2
1GeV /)

. Nagoya WS 09Mar04 S.Yokkaichi |




22

@ - e'e invariant mass spectra

from 2001/02 run data

C & Cu target

acceptance uncorrected
mass resolution :10.7MeV
fit with

— simulated mass shape of @

* (evaluated as same as p& w)
— polynomial curve background

examine the 'excess' is significant or not.

- - see the By dependence : excess could be
enhanced for slowly moving mesons

counts/[6.7MeV/c

counts/[6.7M eWca]

400

300

200

100

600~

400

200

» Data
— Fitting Result

¢ Data

— Fitting Result

0.9 1 1.1 EE
[GeV/co)
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e'e” spectra of @ meson (divided by By)

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)

—
o
o

counts/[6.7MeV/c?]
counts/[6.7MeV/c?]

countsAS.?MeV/cz]
o
o

50! 100}

150

]

o

[6.7MeV/c
[6.7MeV/c’]
(8]
o
6.7MeV/c?]
w
o
o o

counts/
—
o
o
counts/

—
o
o

counts/[

200+

50+
501

100+

’/ndf=83/50 | K /ndf=43/50 | mdf=56/50 "
0.9 1 1.1 1,2 0 0.9 1 1.1 1,2 0 0.9 1 1.1 1,2
[GeV/cT] [GeV/cT] [GeV/cT]

. Nagoya WS 09Mar04 S.Yokkaichi |




e'e” spectra of @ meson (divided by By)
By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)

60

—
o
o

counts/[6.7MeV/c?]
counts/[6.7MeV/c?]

countsAS.?MeV/cz]
o
o

50! 100}

o

Ic?]

[6.7MeV/c’]
(8]
o
w
o
o

counts/
B6.7MeV.

—
o
o

counts/[

200+

501

100+

2 /ndf=43/50 2 /ndf=56/50 ’

. 12 0.9 1 11 12 0.9 1 11 12
[GeV/cT] [GeV/cT] [GeV/cT]

( only slow/Cu is not reproduced in 99% C.L. )
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Amount of excess
« To evaluate the amount of excess (N ), fit again excluding the

€XCess

excess region (0.9571.01GeV) and integrate the excess area.

150

100

S50 |

excess region

09 10 11 12
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« To evaluate the amount of excess (N

€XCess

Amount of excess

26

), fit again excluding the

excess region (0.9571.01GeV) and integrate the excess area.

150

100

S50 |

1

£
o
1
n

excess region LN
T ;
09 10 11 12
(GeV]

-0

Cu

In
e i
F—a—
] ] ]
1.5 2 2.5 3
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Discussion : modification parameters

* MC type model analysis to include the 1) decay inside nuclei  2) decay outside nuclei
nuclear size/meson velocity effects

— generation point : uniform for ¢ meson P

» from the measured A-dependence
— measured momentum distribution

— Woods-Saxon density distribution

- decay in-flight : linearly dependent on the ~ ™°

density of the decay point

* dropping mass:  M(p)/M(0) = 1 =k, (p/p,) 100 |
 width broadening: I'(p)/I(0) =1 +k, (p/p,) |
e consistent with the predictions s | 4T

I —(.034+0.006 3.4% mass reduction (35MeV)
1 ' -0.007 | 3.6 times width broadening(16MeV) o L__. , | |
0.9 1.0 1.1 1.2

+1.
K =26"" at p, (GeV]
. Nagoya WS 09Mar04 S.Yokkaichi |




28

Discussion : modification parameters

* MC type model analysis to include the 1) decay inside nuclei  2) decay outside nuclei

nuclear size/meson velocity effects /.
© ¢
p Q

— generation point : uniform for ¢ meson P

» from the measured A-dependence
— measured momentum distribution

— Woods-Saxon density distribution

— decay in-flight : linearly dependent on the : =
density of the decay point E ﬁwf{1_25~
 dropping mass:  M(p)/M(0) = 1=k, (p/p) ™[ jilpse) o ﬂ_
e width broadening: [(p)/I'(0) =1 +k, (p/p,) —
e consistent with the predictions B,
w0006 ) 3:4% mass reduction (35MeV)
k= 0-034—0.007 3.6 times width broadening(16MeV)

tot +1.8 at p ==== T S
k? — 2-6_] 2 0 ° 0% 092 0594 096 0.498 1 1.02 1.04 1.06 1.08
[GeVic?] ]




Discussion

(p/lw)

Free param.; - scales of background and hadron components for each C & Cu
- modification parameter k for p and w is common to C & Cu

events[/10 MeV/c?]

1200 (a) C
1000 ~|with IL
mass
800 - |Imodification
600

e

— fit result
- poe'e
w—e'e’

0.7

0.8
invariant mass [GeV/c?|

0.9

events|/10 MEWCEI

1000
800
600
400

200

0

(b) Cu

with
mass

modification

)

— fit result
- p—e'e
[ m%e-'-e-

0.6

0.7

0.8

0.9

invariant mass [GeV/c?|
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From the fit : k=0.092 *=

0.002

"9 % reduced at normal nuclear density

p/wratio : 0.7x 0.1 (C), 0.9x£0.2 (Cu) : ... p meson returns.
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Summary (1)

KEK-PS E325 measured the e'e” & K'K™ decay of slowly moving vector
mesons in nuclei produced by 12-GeV proton beam to explore the chiral
symmetry restoration at the normal nuclear density, T=0.

Observed e’e” invariant mass spectra have excesses below the w meson
peak, which cannot be explained by known hadronic sources in normal
(unmodified) shape. These suggest modification of p (and w) meson.

- Simple model calculation including predicted modification of p & w
reproduces the observed spectra. (79% of mass reduction)

@ — e'e” also have excess, for the larger target, slowly moving
component : the first result in the world for the ¢-meson spectral modification

— model calc. including mass shift and width broadening in nuclei also
reproduces the data. (73.4% of mass reduction & “3.6-times broadening )

Deduced modification parameters are almost consistent with the
theoretical prediction using in-medium QCD sum rule.
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CBELSA/TAPS (PRL94(05)192A) ’

—Sm llllllllll

° 00—>T[OV(—>VW) Zsm: P

* anomaly in y+Nb, not in y+p 1o ﬁ*". '_ !

n
L 06<p, <1 GeVic -

e shift param. k™0.14

]
c w338V Es.
| kil hninbniel inbnlalel kel |

counts / [ 12 MeVic?]

o 3 . Nb 1P, l<05Gevie] <5800 - b, <05 GeV/c |

3 10 > " — Nb

= 2 600 | ]
s ~ [ LH, &

~ T, 400 | 1 y
L ~ [ j i :
= £ 200 | —'
o = | : : : |
© S :le :

o A I
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CLAS -g7(PrC78(2008)015201 BKG ncloded

VA -V - e'e 300 f |
L (a) °H |
no anomaly for p >0.8GeV/c : 200 |
P : pole is not changed, collisional broadening as: 100 | y
x"1.2 for C, x"1.4 for Fe+Ti under the assumption of : WA
no w modification (consistent w/ Giessen BUU) 0.
200 150 _ (b) C |
WO pe=e 1) S e irathidn » i
250 - e [a) 1?8:%%&”’ | o % 100 -
ol il S .| v
100 ) 28 i III‘*NI] l"\.
o ) of | (AR
0 g e o's "'.Jo:"s 0~07 04 os h‘m T2 100 |
e+e- Invariant Mass (GeV) e+e— Invariant Mass (GeV) N .
Oy e E (¢) Fe+Ti |
L S e i — 75 F
of (c) |
S s 50 3 v]h
o 25 F #"“MI b \

TR 00702 04 06 08 1 1.2

BKG subtracted PRC78(2008)015201

Invariant Mass (GeV) |
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From “mass modification” to physics

* Mass shape modification of vector mesons in medium looks to be
established by many experimental results (E325/CLAS-G7/TAPS at the
lower energy, NA60O/CERES in HI collision)

— statements contradict each other

* mass dropping and/or width broadening
» dependence on the interpretation models to include the matter size effect ?

— physics
 only hadronic effects ?  or chiral restoration ?
* Next step in the invariant-mass approach

— put an emphasison @ — e’e” : less ambiguous than p/w case

* p's broad and complicated shape, p—w interference, p/w ratio, etc.
— systematic study of the shape modification

* nuclear matter size dependence : larger/smaller nuclei, collision geometry
* momentum dependence . predicted, but not measured yet
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J-PARC E16 experiment

Future experiment :

Systematic study of the modification of vector meson
spectra in nuclei

to approach the chiral symmetry restoration

Pad chamber

GEM tracke:

J-PARC MR:
first slow extraction of 30 GeV beam on Jan.29
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J-PARC E16 experiment

e Status: 2007/3: stagel (physics) approval / Detector R&D is on going

* Main goal : collect "1-2 x 10° ¢ — e’e” for each target in 5 weeks
using 30 (or 50) GeV p +A (C/CH /Cu/Pb) reactlons

— statistics : 100 times as large as E325 ‘ é)

- systematic study of the modification
* velocity & nuclear size (0710 fm) dependence / Q Q
— proton/Pb targets / collision geometry (impact parameter
 momentum dependence (dispersion relation)

— mass resolution : < 10 MeV (E325:10.7 MeV for @)

4 . \
Collaboration
RIKEN S.Yokkaichi, H. En'yo, F. Sakuma, K. Aoki Hiroshima-U K. Shigaki
U-Tokyo K. Ozawa, K. Utsunomiya, Y. Watanabe CNS, U-Tokyo H. Hamagaki
KEK A Kiyomichi, M. Naruki, R.Muto, S. Sawada, M. Sekimoto

Proposal http://ribf.riken.jp/ “yokkaich/paper/jparc-proposal-0604.pdf
-

Nagoya WS 09Mar04 S.Yokkaichi
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mass resolution requirement
* mass resolution should be kept less than "10MeV

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

By<0.5, o=5 MeV

$(1020) - Pb b aio20)

N

09 09 1 105 1.1
(model calc. )

L.

103 11
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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

“% Eu:(_'j Py<1.25 ’“%
£ w0 g
N 5 - 0.3
L 2‘9 — Cu Model Calc. k=0.04
20} iy - guhl';lfloddeilgeilc kk=0 .02
[ 2 D S odel Calc. k=0.04
- 3 -- C Model Calc. k=0.02
w O I 302 F
: 0 = =
<
& 100 =4 0
k >
[ 01 -
- ="
T & 0
E,EUD: i
E 5 | | | |
I -0.1
! 1 15 2 2.5 3
By

" foevict . Nagoya WS 09Mar04 S.Yokkaichi |
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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

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

o
w
[

©
w

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

NEXCESS /(NEXCESS+N )
o o
- M
| |
N excess / (N excess+N{|>)

m—)

x 100 stat. ob—3 3 3 Py og

0.1 — |

_01 | | | |
1 1.5 2 2.9 3

- establish the modificati6h
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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

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

)

o

w
[

N excess / (N excess+ N<|>

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

fOr eaCh hIStOgram | Nagoya WS _09MarO¥ S.Yokkaichi




counts/[67MeV/c]
- &

counts/[6 TMeV/ &)
5

dispersion relation (mass VS momentum) ’

* prediction for @by
S.H.Lee(p<1GeV)

* current E325 analysis
neglects the dispersion

(limited by the statistics)

N eXCess / (N excess+N ¢)

-0.1

[Mevﬂ_

1020% $—mass

oo bl T38Mev
?%“““‘Es$sc: ..........

980; 395 T

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

* prediction for @by
S.H.Lee(p<1GeV)

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

* fit with common shift
parameter k. (p), to all

nuclear targets in each

41
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meson bound state in nuclei @ J-PARC

* wbound state : P26 (K.Ozawa)

42

— missing mass spectroscopy in 1T+ A reaction — select the bound state

* elementary : "2 GeV/c 1T+p - w+n

- and measure the wdecay to Ty

* Pwis low, and decay in nuclear matter

Nucleon Hole

& .

Emitted Neutron

Target

—

T° ¥ decay

d26/(dE dQ) [ub/(MeV sr)]

20

an

example:

Tt boun

d. state

—
o

o

bl lpr(.‘dUCtiOI"r threshold

125

130

135

140 145

Excitation Energy [MeV]
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meson bound state in nuclei @ J-PARC (cont'di

* n bound state : Lol (K. Itahashi)

— missing mass spectroscopy in 1T+ A reaction
* elementary: "1 GeV/c m+p - n+n
— information of the N'(1535) :chiral partner of nucleon

— possibly can measure the n decay to yy

* (bound state : Lol (M. lwasaki & H. Ohnishi)

— missing mass spectroscopy in pbar + A / 1T+ A reaction
* elementary: 1.3 GeV/c pbar +p - @+
. or "2GeV/c m+p - @+n

— measurements of the dilepton decay of @is difficult

. Nagoya WS 09Mar04 S.Yokkaichi |
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Summary

 Mass modification of vector mesons in cold nuclear matter is observed. However,
the reason of modification is not conclusive.

— chiral restoration or hadronic effect ?

* Next step
- Experiment @J-PARC
* momentum dependence of modification : 30 GeV p+tA  (E16 exp.)
* decay from the mesic nuclei "2GeV/c 1t+A, pbar+A

 density dependence : centrality dependence in p+A & A+A ?
- Theory : connect observed invariant mass in Lab. and QCD : 2 step

* phenomenologically . for the analysis
— time evolution, nuclear size effect, FSI, etc. : BUU?
— mixing ?

« first principle : the next of “meson in infinite matter at rest”

— momentum dependence, finite-size nuclei
— mesic nuclei (meson bound state in nuclei)
— QCDSR, Lattice, Holographic, etc?

. Nagoya WS 09Mar04 S.Yokkaichi |
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Backup slides...
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Discussion : fit with modification

* Assumptions to include the nuclear size effect in the fitting shape

* dropping mass:  M(p)/M(0) = 1 =k, (p/py)
(Hatsuda & Lee, k=0.16=%0.00)

P = e
 width broadening: ['(p)/F'(0) =1 +k, (p/p,) ("* p/w
Oset &Ramos )
(momentum dependence of modification 7\ >
is not taken into account this time) s
P, W P
m=/m 1=k, Peplp, 1=k plp,
M+/T 1 1+k, p/py
generation point surface uniform
a (o(A) 0 A°) 0.710%0.021 0.937%0.049
[PRC74(06)025201]

momentum dist.

measured

density distribution

Woods-Saxon, R= C:2.3fm/Cu:4.1fm
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anomaly nuclear dependenc momentum dep. of
of inv. mass spectr Inv. mass spectra
‘t\l Iysis (correction, BKG, etc)
experimental analysis (correction, , etc \
— / \ HI collision
Xp. Data ORE) T-PARC E1 TAPS/CLAS (NAGO, CERES)
matter Woods-Saxon e.g. Rapp's
size effect (“Toy 5 Fireball
Todel| ) _ '
(in future)
comparison w/
prediction Giessen BUU
N w/ FSI
modification mom. dep. of complicated (Mosel et al)
parameters(k parameter(k. (p)) modified shapes
Theory
f / f Theory
QCD SR Lattice in L>0 gﬁﬁ?ﬁ?ﬁﬁ?ﬁns

(Hatsuda, Leq) |(Muroya et al.)

effective L
(e.g. Klingl et al.

Theory (ideal nuclear

—

matter)

\
)
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09Mar04 S.Yokkaichi




events[/10 MeWcEI

Remark on the model fitting =, c. "1,
* constraint at right side of peak o |
. : — T resu
- Introducing the width broadening soof- 2 - psete
(x2 & x3) are rejected by this 400 Te—ee
constraint :
200 =
- prediction of ' p mass increasing’ T AN
is also not allowed. oI s L 2
5 (00) decav inside nucleus invariant mass [‘Sewczj
. y inside nucleus : : . use \
46%(5%) for C, 61%(10%) for Cu outside (Iﬁ%eed) spectra
- used spectrum is the sum of the |, : F
modified and not-modified ] + | = [
components. : - p
 momentum dependence of mass | _
shift is not included.( But typical p | p ] -
=1.5GeV/c) - - -

)
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experimental effects on the BW shape (E325)

E325 Detector Sim.

- target material is
negligible for "0.5%
radiation length (X )

— detectors up to 4.5 %
X, in the tracking

region

In the case of the thick
targets : 1g/cm®

— bremsstrahlung in target

18000 L

C

14000 |

Cx1-(1.0mm, 0.227g/cm2)

021% A

0.43% X,

! — Breit—Wigner
:[ — internal rad.
B target effect
| S

Cu-x1(0.08mm, 0.072g/cm?2)

25000 ¢t

Cu m — Breit—Wigner
internal rad.

15000 |

0.054% A

11.0% A

200

. 11.9% X
is so large for the Cu case =" "

U:

057 % X,




