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Chiral symmetry in dense matter

M) quark mass
10° Higgs mass I
Yo QCD mass
o 10* ~
’4 - = 103 i
big bang 10psec 0.lmsec '’ -
MU |
qmuairs'f OMeV 3MeV 300MeV 'y d s c bt
from Higgs from chiral condensate (gq)
* Origin of hadron mass : spontaneous [ RN 5;
breaking of chiral symmetry B (99)

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
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Hatsuda and Lee, PRCA6(92)R34 PRC52(95)3364
linear dependence on density w—— 7"
=1- k o/ N o

m’/m, = PP, 1N dom

mass decreasing Rm
- 16(£6)% for plew o3| AN

- 0.15(%0.05)+y N
=2"4% forp %] N
for y=0.22 g |

at the normal nuclear density °

Oset and Lamos

\ P/ Py :

NPA 679 (01) 616

-
Klingle Kaiser,Weise,

NPA624(97)527

ol *l

10"k

A2 im T (' phhes’

@ mass shift
< 1%
width broadening
x5 (22MeV)
at 1020Mev, at p' -?U.ﬁD 0.70 ﬂ.lﬂﬁ D_.I_Clﬂ 1I.ﬂI)D 1.{10 1.‘20 1.30
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[MeV]
« S.H.Lee (PRC57(98)927) m'/m =1- k p/p, 1020 ¢ P-mass
-~ pl® :k=0.1620.06+(0.0230.007)(p/0.5)’ 1000 |
— @ :k=0.15(%0.05)0 +(0.0005£0.0002)(p/0.5)" ss0} |
e for p<1GeV/c Seo

» Kondratyuk et al. (PRC58(98)1078) : p meson

* Post & Mosel(NPA699(02)169) : p meson

dispersion relation (mass VS momentum)

10 10 1 10
%
&S 0.3
- 0.2
0.1




Vector meson measurements

HELIOS/3 (ee, up) 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 (M) 400GeV p+A/158GeV In+in (" published/ :modifi§Q' |
% PHENIX (eeKK)  p+p/AutAu Ejr'?r':;ge/‘,j,f a‘ﬂ;@i?fed
= HADES (ee) 45GeV p+A/ 1-2GeV A+A 25 of 2008/ Jul

CLAS-G7 (ee) 172 GeV y+A N

(ee) 30/50GeV p+A / "20GeV A+A ?
(ee) 20730GeV A+A

TAGX (1) "1 GeV y+A

STAR  (mutKK) p+p/Au+Au

LEPS (KK) 1.572.4 GeV y+A

CBELSA/TAPS (1fy) 0.64-2.53 GeV v+ p/Nb
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Vector meson measurements in HIC
e CERES: e'e (EPJC 41('05)475) e NAGO : (PRL96(06)162302)

- anomaly at lower region of p/w - p - UM
* in AtA, not in p+A - width broadening
- relative abundance is determined by their - 'BR scaling is ruled out’

statistical model

4000
> L In-In SemiCentral
= B excess data
@ 3600 al Pr RW (norm.)
g B N BR (norm.)
o - ch. _
= 3000[- - cn 737133 Vac.p (norm.)
__Z'c__ cockt.p (dashed)
© DD (dashed)
2500/

L o . g
iy [ p-Au450 GeV 21=n<265 ] o g Pb-Au 158 AGeV OO = 35 %
= p, =50 MeWic > 10" -
1~ ! £ -
2o @, =35 mad = 2000
=) ] = N
] )
Fio _
5 1500 B
Tz
~10
'E 1000
= =
=l
lo
T 500}
10 B
o
10

4] 0.2 .0,4 06 0.8 1 1.2 L4 1.6 L8 2
m__ (GeV/c?)
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Vector meson measurements in HIC

0,,>35 mrad |

resonance subtracted

10° 3

2.1<11<2.65 ]

i ><1l'JSI"'I"I"'I"'I"'I"'I"'
« CERES : (arXiv: 0611022v3) ooy T T
E R D combinatorial backgrounq
11 . . (11 - :
broadening by hadronic effect " is £ L ] ]
favored 2 ol raw data
4005?
%1.8??q-5-| T T T L LA B B 200;%
> - "ﬂ'| cocktail p i il ]
E 1.6 _ || II ---------- dropping p mass _ % 02 04 06 08 1 12 14 16
= 1afr — —- in-medium hadronic e (GEHIED
N @ bkg subtracted
v J F CERESINA4S  Pb-Au158 AGeV
ha (ng}fsm[ 7%
E p,>200 MeWc
=
3
=
v

(a)

10° : [N

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

107k 2

n iﬁiﬁi; E 10°§ Va4 +—
i S _tg-_ah&,_._._' 0 02 04 06 08"'1"'1.2"'1"4 16
] ; . 1 1.2 14 1.6 m,, (GeVi/c?)
m,. (GeV/c) J-PARC D% @KEK 08Aug09 S. Yokkaichi |
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Vector meson measurements in HIC
e PHENIX : (arXiv:0706.3034v1)

- 200GeV /u Au+Au — e'e’

— enhancement below W

-1
1°E min. bias Au+Au at S = - 200 GeV
r ¢ DATA ™ s yee W s ee
1072 |5"| <035 .. n— yee ‘1"_—) oo
pr > 0.2 GeVic ___ N = yee : gﬁn:? ee (PYTHIA)

p—ee e T 2 e€ (random correlation)
o — ee & M'ee
— i — ee & nee

107k

100

1/N,,, dN/dm,, (c/GeV) IN PHENIX ACCEPTANCE
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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. k70.13

]
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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2
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CLAS-G7(PRrC78(2008)015201)

VA -V - e'e

* no anomaly for p >0.8GeV/c

- == ) ete=, T et+e=
Piammiaan d} —_— O Ewm

------ P —= e4tm
— it result

(b)

06 08 1
e+e= Invariant Mass (GeV)

02 12

(c)

: : 200
300 == - - 00—~ o
lllllllll m_} gﬁ T e+e 180
-------- P —= et+e=
250 '— fit result (@) 122
200 F o 120
150 | 3 100
: O 80
100 | 60
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0 T h 20
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e+e= Invariant Mass (GeV)
120
[ e o= () ete—, T ere—
.......... ) ——— Epe—
100 [—mmm P —= e+e—
— fit result
80 [
b [
5 60}
o [
o [
40 |
20 |
0 [

0.2

BKG subtracted

0.4

06 0.8 1

e+e=Invariant Mass (GeV)

PRC78(2008)015201
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200 F
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KEK-PS E325

to observe the vector meson modification in the cold nuclear
matter at the normal nuclear density

12GeV p+C/Cu — plwye +X (plwp - e'e”, @ - K'K™ ),
1<p<3GeV/c for @

run 1997-2002

3000
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1000

T
.

TT]T

!
-~
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—2000

—3000

Er Ll b b b b P g
—1000 Q 1000 2000 3000 4000 S000 &00
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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 @)

4 0 )
225 400 — 400 1 ann .
= *® -
200 o 350 o . .
e @ L o p ®
175 4 By 300 ¢ 3C o By " y
150 AT 250 o A . ¢
125 o . o . £ "
° 200 A * (
100 J P ‘ 2
-5 150 . . R .
50 . J 100 . .
25 . 1 50 - ° ]
0oL-» 0! : ' Le® | _.e* b !
0 2 4 0 1 2 3 - 5 ;
450 - <o F 800 ¢ ZE
400 [ oo ) o 0
® 1.6 el g
350 e P 14 P
300 1 o T 1.2 : ;
250 1 e -
200 o % 0.8 2 . =
150 * 0.6 20
100 - 4 0.4 N ¢
50 L) 0.2 h .. ) 7
0 » | 0 [ ] | M |
0 1 2 3 | 7 i 3
[GeV/e] CeV /el

VMW Vs /TR SNl VU W HVY W VIR T
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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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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

50 [

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

data)
e C & Cu target
 clear resonance peaks

* m<0.2 GeV is suppressed by
detector acceptance

e acceptance uncorrected

from 2002 run data ("70% of total

1600 |
1400 |
1200 |
1000 |

800 |

400 |

200 |
— fit the spectra with known sources .

600

|
f, b
T
# |
f b +
¥ +||{+'ﬂ11#| I'+

| H+M

.;l L |||1‘:|lﬂ:'“':'h*""ﬁ""£-.-.|...

©(1020)

N IR PR PR .
0.25 05 0.75 1 1.25 1.5 1.75 2
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Analysis : Fitting with known sources

 Hadronic sources of e'e”:

experimental effects

Cx1(1.0mm, 0.227g/cm2)

- p/(k)/(p — e+e_, W - T[OeJre_ , N =Y 18000 | i
e+e‘ C J _ 1

021 % |nt ¥ targetl eifect
0.43% rad. length | — cetctoreffect

— relativistic Breit-Wigner shape ( without
any modifications, but internal radiative
corrections are included )

— Geant4 detector simulation

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

 chamber resolutions mass acceptance
e detector acceptance, etc. -

* Combinatorial background :event mixing a
method '

* Relative abundance of these components are
determined by the fitting

0.2 04 06 0.8 1 1.
J-PA [(GeV/c’1
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Fitting results

eventsl/ 10Mev/c”l  X2/dof=161/140  eventsl/ 10Mev/c  x2/dof=154/140

: C (b)) Cu
1500 | (a) —fit result 1500 - | R
‘ : w—>e'e” i C s atem
1250 . %E-FE_ 1250 - u o e
i [ po—>ee
e | —p—>ete”
1000 | _> + - 1[:][:":' _— gdj <
GN : n—>eey
[ R | :
750 F | w—>eem se0 | EGAES
[ background : - backaround
500 | 500 F
290 } 250 ‘A/
[ . : w
0 0.5 1 1.5 2 0 : 1 - S—
[Ge\z’/cz] [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

— iched |
® 2) p—meson component seems to be VANISAGE xR w8 oKEK 08Aug09 S. Yokkaich




Fitting results (BKG subtracted)

o/w <0.06 +0.09(syst.) <0.08 + 0.21(syst.)  (95%CL)
200 - C # 000 L |
000 |- f\ Cu ,\
B 800 - I |
800 r | | fit resylt. | \ - Btgseq\;
| w—>e e | —0—>e'e
| —oege. 600 - | —p—>ele
600 |- | %35*37 nREELy.
NS —w—>Tee
400 + |
400 + j 1* | +7
200 | # | 200 1 g
Ll byt o #)
M‘h@jﬁ/ \&L Mﬁ // Moy + +
A B i s S LA X TR AL i
04 06 08 1 1.2 0.4 0.6 0.8 w T.2
[GeV /c?] [GeV /%]

However, p/w=1.0%0.2 in former experiment (p+p, 1974)
..suggests that the origin of excess is modified p mesons.

19

. J-PARC D#3 @KEK 08Aug09 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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Discussion : fit with modification

21

* 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)

 width broadening: ['(p)/F'(0) =1 +k, (p/p,)

("* Oset &Ramos )

(momentum dependence of modification

is not taken into account this time)

P, W @
m=/m 1 -k, Pplp, 11—k plp,
/T 1 1+k, p/py
generation point surface uniform
o (6(A) O A9) 0.71010.021 0.937+0.049

[PRC74(06)025201]
momentum dist. measured

density distribution

Woods-Saxon, R= C:2.3fm/Cu:4.1fm

I PARC U ORER0SATR0Y

S. Yokkaichi




Fitting results by the model ( p/w )

Free param.: - scales of background and hadron components for each C & Cu
- modification parameter k for p and wis 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

(b) Cu

with

800 mass

modification

)

600

400

200

0

— fit result
- p—e'e
[ m%e-'-e-

0.6

0.7

0.8

0.9

invariant mass [GeV/c?|

22

From the fit : k=0.092 = 0.00: = 9 % reduced at normal nuclear density

p/wratio : 0.7£ 0.1 (C), 0.9%x0.2 (Cu) : ...

P meson returns.

J-PARC D#18 @KEK 08Aug09 S. Yokkaichi




Remark on the model fitting

events[/10 MeWcEI

29

(b) Cu

constraint at right side of peak

- Introducing the width broadening
(x2 & x3) are rejected by this
constraint

- prediction of ' p mass increasing’
is also not allowed.

P (w) decay inside nucleus :
46%(5%) for C, 61%(10%) for Cu

— used spectrum is the sum of the
modified and not-modified
components.

momentum dependence of mass

shift is not included.( But typical p
=1.5GeV/c)

with
800

mass — fit result
modification + -
600 -poee
400
200 . L
0 1 .: I. |”|.-.|--I-. |'W
0.6 0.7 0.8 0.9
invariant mass [GeV/c?|
~ outside inside usetd
(modified) SPectid
- () - -
] T = I
L P

~ J-PARC O3 @KEK 08Aug09 S. Yokkaichi
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E325 : discussion

* 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

w0006 ) 3:4% mass reduction (35MeV)
ki =0.03427007 | 3.6 times width broadening(16MeV) o . . . .
0.9 1.0 1.1 1.2

K =26"" at p, (GeV]
. J-PARC D#3 @KEK 08Aug09 S. Yokkaichi
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E325 : discussion

1) decay inside nuclei 2) decay outside nuclei

o
p@

MC type model analysis to include the
nuclear size/meson velocity effects

— generation point : uniform for ¢ meson
» from the measured A-dependence
measured momentum distribution ‘

Woods-Saxon density distribution

decay in-flight : linearly dependent on the o
. . U
density of the decay point ﬁwf{1_25~
* dropping mass:  M(p)/M(0) = 1 =k, (p/p,) o E;;P;Eiig_a

 width broadening: I'(p)/I(0) =1 +k, (p/p,)
* consistent with the predictions

w0006 ) 3:4% mass reduction (35MeV)
k= 0-034—0.007 3.6 times width broadening(16MeV|

k=264 ) P “

arbitrary

- Al

— in-vacul
— in-mediu

4

1 r 2o a0 55wl o9 [
0% 092 0594 096 0.498 1 1.02 1.04 106 1.08
[GeVic? ]




comparison w/ the prediction by Oset &

Lamos

mass-dependent width in medium

985MeV lOZOl\I/[eV

26

NPA 679 (01) 616 40 |
@ mass shift . Ei;ﬁii’u I
< 1 30 — PP, |
width broadening |
x5 (22MeV) at p_ S I
%; 24MeV e
E 20 -
E325 measurements - >
mass =~ 985 MeV e %
width = 16 MeV T
o 1IMEV]="= — 5= =77 = 7T
consistent w/ the curve =" |
(still error is so large) S
D S 2
950 1000 1050

q [MeV]

1100
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al (experiment)
» a,(1260) : chiral partner of p

. B e T )
- M= 1230 MeV > L 8200-:-35’- ff\\ om | 7300 5 1|||'T| 27 pr
N 8 80000 W Q) S| :(Ia . C_)OO 2 IIII HE
- [=250"600 MeV ~ - = Vs T N ol Y BN
O 60000 \,\\ ’ : ; 1.2 ‘Iﬁ‘r 1I5 I‘F:qZ . I _‘(ILIE 1.4 1;_1 ;2
_ . ~& 00 : - o crenen et
branch : prt "60% O 40000 S 000 [ g A sl om A
N ~ I A SR AU
» 20000 V\ 0 T R R oy
+ i 1000 7 1000 |} / iy
5 0 S _L.,l/\ OL:/\\
Lﬁ 1 15 2 1 1__2 1.4 1618 2 1 12141618 2
Mass (m'mn’) GeV ||'H"% 0 7
WA102, PLB422(1998)399 1000 | ﬁ'.ﬁ_
450GeV/c pp — ppTtTrTC o LLTS
\ 1 2141618 2 J
m [
ACCMOR 63/94GeV/c m+p - '+ p (charged al) 1280 300 PLB 89(1980)281
ANL 8.45 GeV/c m+p - e+ n (neutralal) 1130 280 PRL 46(1981)580
KEK 8.06 GeV/c m+p - mrr®+ n (neutral al) 1121 239 PLB 291(1992)496

WA102 450 GeV/c p +p - e+ p p (neutral a1) 1240 400 PLB422(1998)399
. J-PARC D38 @KEK 08Aug09 S. Yokkaichi |




_p—al mixing (theory)

28

0<p/p <1

\_

M (GeV)
M (GeV,

0.6 —t

...................

12 s~ i 12 Tt

08 = T
| 1 T

- S S S S M — PR | P 0 0.2 0.4

PR | I "
0.6 0.8 1

J

pP=2p,

o Y. Kim et al,

PRC62(2000)015202 [ °

>0

— p{770}, vacuum

—-— a,(1260), vacuum 0.1
=== p(770}, py=2p,
---- a,(1260), p=2p,

0.08

0.06

0.04

ImG,, [GeV?]

0.02

M.Harada et al, arXiv:0806.1417

02 04 06 038
12 1ce\]

~




a0(d) (experiment)

. 2a,(980) : scaler meson

- m=984.2 MeV
- [=50"100 MeV

- branch

( r]TT

: "dominant

¢ KK /T =18.3%

e ee :upper limit
4 %o 600F )
:é‘} | 0.(1320}

AAbele et al, ©
PRD57(1998)3860 2

stopped pbar + S 400-

ppead p p §4oo #&'?*
200 ¢ KOKi
% 12 14 16 T

-

m(K K*/K K"} / GeVic®

29

400

WA102,
PLB488(2000)225
450GeV/c pp

200 |

300

200 r

100

o]

10

\_ M(n7®)

1000
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p—a0(d) mixing (theory) ;

O.Teodorescu et al, PRC 66(2002)015209

- p-a, mixing in matter (O<p/p <3, p<1.5GeV)

S, (GeV?) 5
4.0 L(GeVT)
3,
35 B
3.0 3.0
25 25
2.0 20
15 15
1.0 s
g 05
0.0
0.2 0.0
0.4
06
0.

T T T I
ap £ T T T T T - 3.0 - ; =
T T T T T T p/p= 15 B q'=0.7 GeV ;‘1
[
L i 25 -
6 |-q=07 GeV =B ] i ! ]
— 0.1 GeV 1 C | 1
— - = 0.7 GeV 4 —~ 20 [ — free 3
20| K . T [ —-a/n= 05 :
.} —ree 1;, i é’ o p/p= 15 |
¥4 L—-n/o= 105 ] a i = E 45 [~ ple=25 J
=l o 15 E
o i p/pn- 1.5 — . | m._'l
B | —-ple~ 25 o (At
w 10 F i \ - 1.0 .
2 F I B :
05 A \ 3 0.5 ]
i % ] i
[ o - ] . AT e .
00 = | ] 1 | (i 0.0 L (e ot
o Lt iz o8 04 05 08 07 08 08 1.0 0.4 0.6 0.8 1.0
05 06 07 08 09 10 11 M, (GeV) M, (GeV)
M, (GeV)
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"mass modification” H* 5 physics ~

« KB HR TORBFE=DZEILIIFEL 7= (E325/CLAS-G7/TAPS
at the lower energy, NA60/CERES in HI collision)
- LD L. BBRIZFERS
* mass dropping and/or width broadening

s MBEH A X/ BRE /| BEDEVNDREE% interpretation model IZ#kFE L Tl&
WIRWE S D DY,

- physics [TRED D HVRL
« NROVEZEHEMN? HZWIE HA FILEFREDEIED ?
* Next step in the invariant-mass approach

- @ e'e (ICER : plw LYREMEHSDAL

* p's broad and complicated shape, p—w interference, p/w ratio, etc.
- BESHZEORGRAE

« RYBEY A ZIKEM . ISICKNOR%, BEERERHK

- EFEREFEE . FERHIDRIEAEINT

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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anomaly nuclear dependenc momentum dep. of
of inv. mass spectr Inv. mass spectra
experimental analysis (correction, BKG, etc) \
— / \ HI collision
Xp. Data T305 J-PARC EI TAPS/CLAS (NA60, CERES)
| : _
matter VYOOdS-SaXO’I’l e.g. Rapp's
size effect ("Toy model”) 5 Fireball
(in future)
compar_ison W/
prediction Gilessen BUU
N w/ FSI
modification mom. dep. of complicated (Mosel et al)
parameters(k .k ) parameter(k, (p)) modified shapes
Theory w
f //\i . ] Theory
QCD SR Lattice in p>0 effective L (mdu.d Ing rea 1
(Hatsuda, Led) |(Muroya et al.) (e.g. Klingl et al. nuclei/collisions)

Theory (ideal nuclear matter) | " J-PARC ¥ @KEK 08Aug09 S. Yokkaichi |




J-PARC E16 experiment

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

* Main goal : collect "1-2x 10° (@ — ee for each target in 5 weeks
* “100 times as large as E325
- new nuclear targets : proton (CH, -C subtraction), Pb
— collision geometry for Pb target (by multiplicity)

* systematic study of the velocity & nuclear size dependence of
excess (‘modified" component) and extract the dispersion
relation (momentum dependence of mass)

* mass resolution : keep ~ 10 MeV (E325: 10.7 MeV for @)

(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

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

J
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High momentum Beamline

eros—os—os |~ |, || W W Wl
BFER N F R A J
O HEE& -] i ¢ -{”Q‘.
M ii;T!QEJJ;rIﬁ?JI- K‘I‘SBH e S i .
:% -[ - ﬁ\“' Lk’. .'H-.I I
] T ;EZ‘ .
TR | S , @m,. 2 Bk
. G o S g

30/50GeV proton beam
(_upto 10" /sec)

| J-PARC O3 @KEK 08Aug09 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

“% Eu:(j Py<1.25 ’“%
;E 40 %
g L 8 - 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
I 3 <
: <
& 100 =4 0
i :
k >
h 01 L
- ="
T & 0
E;_',EUD: E
g 5 | | | |
I -0.1
! 1 15 2 2.5 3
By

! fGevidt  J-PARC D43 @KEK 08Aug09 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

= — Cu Model| Calc. k=0.04 =
y -- Cu Model| Calc. k=0.02 +,
@ 1 = C Mode| Calc. k=0.04 a
8 -- C Model Calc. k=0.02 S
0.2 203
3 <
@ @}
2360.1 - >°

: x 100 stat. o H— 3+ F—+

proton
- I I | | 0.1 ! 1 | 1
01 1 1.5 2 2.5 3

1 1.5 2 2.5 3

- establish the modificati6h

J-PARC D#38 @KEK 08Aug09S. 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
[

N excess / (N excess+ N<|>

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

for each h'StOgram J-PARC D#32 @KEK 08Aug09S. Yokkaichi




counts/[67MeV/c]
- &

counts/[6 TMeV/ &)
5
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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)

N eXCess / (N excess+N ¢)

-0.1

[Mevﬂ_
1020

1000

- $—rrass

| "35MeV

_%  esmmmmea

E325 - T
o 1 2 3

momentum [GeV/c]

BY BARC D78 QKEK 08Aug09 S. Yokkaichi
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dispersion relation(mass[;/g,fmmh-m\

* prediction for @by 102(): ¢ mass(1020)
S.H.Lee(p<1GeV) ]

* current E325 analysis :'
neglects the dispersion [ || ~35MeV
(limited by the statistics) 1000 |

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

nuclear targets in each T S

-~
ttttt
......
.....

momentum bin 980T R ST

g o[ C pr<125]2 T Cu By<12s |+ Pr<
B = 0 J
g« EI T o
ol 1] gw C Fe15]3 " [Cu Br<125
=y H H
2 2 100
T R H |
5
QLSS 7,?‘:«. LA
£'=36 i T oy
C 12sprets 2 € pretas
: ol
2 L
# x=3 !
—’=36.
C 1254

o
w
3

Nexcess / (Ngcess""NqJ)
(W
T

[

E=ED
W
<125 |2
 H
.
o

Cu
y
i)
—ids
[CES

g l('u
0
fLiis L T
Cu
Lt
oy
=66

12
o
H
H

o
_—

?i\{“‘i——j- i 960 _ E16 '.‘\
...... T | (for example...)

0 1 2 3
By momentum [GeV/c]

. E. R -
> O - FAR-N R
o
==
-
o
L
L,
L,
L
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mass resolution requirement
* mass resolution should be kept less than "10MeV

g=11MeV J=5MeV J=20MeV

Fast -

By>3

Slow

By <15

C 1 I 1
0.8 1 1.2 0.8 1 1.2 0.8 1 1.2

(model calc. for the Cu target) ~ J-PARC D43 @KEK 08Aug09 S. Yokkaichi |
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mass resolution requirement
* mass resolution should be kept less than "10MeV

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

By<0.5, o=5 MeV

¢(1020) - Pb ]-l b 1020)

N

08 09 1 105 11 00
(model calc. )

L.

D.05 1 105 11

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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Summary

ER(EMFAVERE)BLV EFREBES (RFEREMNESR) TO FEFOD
AEBEARY MLOZELIZEFEEL =,

FNDHAASILIHEDORIEDOEVWTHEIHNE D NE BRI DODDWVLWTWDS,
RD—F
- ZEE . @J-PARC

- BELLDEFHERFHERE 30/50 GeV p+A
o hEFREED S DOHEFHRIE "2GeV/c Tt+A, pbar+A
- BEKREE . aBEQE( 4 v EE? A+A ?
- B ERE=EDODAZTBEESDME QCD z#E % 2 step
« IRREMside : BWLED” Nv o ISHUR”

- ROFERERER. BF&TA4 XWRE, FSI ¢ BUU?
- mixing 7R ED AN EBESHNDEE
e F—[RE side : “ERZEMWEFICEFRIL L cBBEF DX
- EHEKREFMN
- QCDSR/Lattice in BFEY 1 X#% ?

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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Backup slides...

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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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

J-PARC D#728 @KEK 08Aug09 S. Yokkaichi
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measured production CS by E325

* values for the CM backward 1
. - PRC 74(2006)025201
10'F S
E , --:"'E-----
B . . -F’”'-FB*
TS SN . -
C P
w 3 :w—“"? \Et ﬂl‘i - -’."-I-.ﬁf T
8 10°E 4, (g\0 e P
Nt C F’ ,:"’ p— .""ft
v F K "
<10 F e
© S ,-é;_;iéf"“ e
_5:*-_:;“1_ ) E
10° ___..---5?-@
10'*‘E
IIIIII | | IIIIIII | IIIIIIII |

1 10 10?
nuclear mass number

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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p—w Interference ?

events|/10 MeV/c] events /10 MeV/c’
1000 (b) Cu -}L 1000k (€) CU
L |with 3 L |with
8U0F|mass J — fit result 800 finterference
_ |modificatio + - " :
800 T p—ee 600 — fit result
N i n—e e - (8=2.8 pfur=0.64
400 _ 400 - —_ B=20plw=1.0
" - +
200 200}
U : L1 1 1 I- 1 1 0 i 1 1
0.6 0.7 0.8 0.9 0.6 0.7 0.8 0.9
invariant mass [GeV/c’] invariant mass [(Gev/c?

* interfere-shape cannot describe the data in any interference anglz
and any p/wratio (0.272.6).

. J-PARC D#3 @KEK 08Aug09 S. Yokkaichi




required.

- To cover larger acceptance

To collect high statistics
* For the statistics 100 times as large as E325, new spectrometer is

— Higher energy beam (12 - 30/50 GeV)

— Higher intensity beam ( 10° - 10" /spill (1sec) )

Geometrical (horizontal & vertical) coverage

(left)

+135 (degree)
+435

of the spectrometer

(very forward)

+12

—12 (degree)

(right)
-135

+12

-12

X b

47

. X "2 of production

x 10 ( - 10MHz

interaction on

-

~

Target configuration
nuclei interaction radiation  thickness [pm)]
length(%)  length(%)
C 0.05 0.1 200
CHy  0.05 0.1 400
Cu 0.05 0.5 80
Pb 0.01 0.3 20

J

J-PARC DO#)F2 @KEK 08Aug09 S. Yokkaichi
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Proposed spectrometer Plan view

N

LeadGlass
Calorimeter

» Spectrometer Magnet : reuse E325 's

— remodeling the pole / repairing the cail return

— stronger field for compact detector size

* GEM(Gas electron multiplier) Tracker

* 0.7mm pitch strip readout Chepentors
» Two-stage Electron ID (10 mtrejection)

N7
- Hadron Blind Detector (Gas Cherenkov) Pad cpamber . tm%r

+ GEM+Csl photocathode ' Beam view

* hexagonal pad readout ("30mm ¢)
- Leadglass EMC: reuse of TOPAZ

« “70K Readout Channels (in 26 segments)
- cf. E325; 3.6K, PHENIX:"300K (w/o0 VTX)

« Cost : "S5M (including “$2M electronics)
- cf. E325: $2M not including electronics

. J-PARC O#)32 @KEK 08Aug09 S. Yokkaichi |
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New nuclear targets with larger sta stic s

1) decay inside nuclei  2) decay outside

&0

Smaller nuclear target

—- proton as a reference(CH, -C subtraction)

— LH target is difficult to use because of the

materials
* Larger nulcear target as Pb

— larger nuclear matter

— collision geometry(impact paramter ) study using.

multiplicity

— larger radiation length for heavier target
— more thiner foil target to keep S/N

* high statistics capability is required.

O

Pb

020_
@

3 18
[&]
@ 16
(=N

2 14,

2
12
o

s 10

8

Accepte

6
4
2
0

Pb

Il % |

_

|

o

0 1 2 3 4 5 6

Impact Parameter [fm]
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beam energy and spectrometer acceptance

A) Reuse of E325 spectrometer
B) Proposed larger acceptance spectrometer

expected ¢ yield for two options(using JAM)

beam energy

12 GeV 30 GeV 50 GeV

¢ production CS (p+Cu) 10mb 30mb 51mb

detector acceptance case A | 8.8% 6.0% 4.5%
case B | 45% 31% 23%

normalized yield by E325 case A | 1 2.0 2.6
caseB | 5.1 10.0 12.7

10 times can be collected by larger acceptance and
beam energy (both 30 and 50 GeV are acceptable)

Further, for 10 times higher intensity beam (10')
(i.e. high interaction rate : T0MHz)

to collect higher statistics ( 10° ¢ =100 times of E325 ),
new spectrometer is required.

(spectrometer acceptance @ — e'e’
(estimated by JAM)

30GeV p+Cu > ¢ (+X) —> ee

] 20000
a000 - 17500 |
s000 | (B) 12500
000 E 10000 £
2000 f (A) s000 |
1000 [ 2500 F
oo--.;....;....s-..‘I .5 0-.-2- M .o. M ;.
By (Lab) rapidity{(CM)
50GeV p+Cu > ¢ (+X) —> ee
6000 F 16000 F
s000 | 14000 |
] 12000 F
4000 3 (B) 10000 F
3000 | 8000 [
' (A) 4000
1000 £ 2000 F
Sy IR | T = E Sl B PR M
0% 1TSS ° -2 0 2
rapidity{ C M)
\ B’V(Lab) )

\
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