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Mass modification at finite density

dropplng Mass Hatsudia &lee PRC46£1992)R3
 Brown-Rho scaling ('91) Ml . '
— m*m=0.8at p=p, 1"
e QCD Sum Rule by Hatsuda & Lee ('92)
— m*m=1-0.16 p/p,for p/w 0
— m*/m =1 -0.03 p/p, for ¢
o Lattice Calc. by Muroya, Nakamura &
Nonaka('03) 0
width broadening (at p,)
. Klingl, Kaiser, Weise ('97-8)
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[*/T'~10 for p/w/d
* Rapp & Wambach ('99) : T~ /T") ~2
* Oset & Ramos ('01) : Ay = 22MeV
 Cabrera & Vicente ('03) : AI'y = 33MeV
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E325 experiment

Invariant Mass of ete, K*K-

in 12GeVp+A 2p,0,¢ + X History

: '93 proposed
* slowly moving p,m.,¢ (pi~2GeV/c) |95 construction start

larger probability to decay v NIM, A457, 581 (2001).
inside nucleus v' NIM, A516, 390 (2004).
e primary proton beam ~10° ppp 97 first K'K™ data

+thin targets:  0.296/0.05% (C/Cu) | %0 5 C= %R

radiatio '99~'02

= X100 statistics in e*e-
v p/w: PRL 96, 092301 (‘06).
v ¢ 2ee:nucl-ex/0511019
v a:PRC, 75, 025201 (‘06)
X6 statistics in K*K-
v ¢ 2KK : nucl-ex/0606029
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Invariant Mass Spectrum of e*e-
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we examine how well the data are reproduced with
known hadronic sources & combinatorial background
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Invariant Mass Spectrum of e+e-

invariant mass [CeV/c”] invariant mass [CeV/c”]

the excess over the known hadronic sources on the
low mass side of » peak has been observed. 5



Invariant Mass Spectrum of e+e-
(background subtracted)
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Np/Nw=0.0+0.02(stat.) =0.2(sys.) 0.0=%0.04(stat.)*=0.3(sys.)
most of p decay in nucleus due to their short lifetime; t ~ 1.3fm s
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Invariant Mass Spectrum of e*e-

i _ 1
2 o —ete
1
C | W
g ! w
i
g bl A
R _
g goete
L H+ iﬁ
f '
j ﬂﬁﬁﬂm +
j ; + ﬁﬂ
7\ I \.l**#\#\ T T T I T I M e e ST N A \H?H#\mﬂwﬁ#\*‘”T****L**umw»uu [
0O 0204006008 1 1.214 16 1.8 2

c00

400

200

000 |

300

600 |
400 |

200 |

9

| m—>ete-

L f

i
‘r‘r%‘v“rJrJrJrJrJrH1LJr
T

7\ | \Jﬁﬁw TER T S S s e e SR BRI \#\M\**hr**w‘*ﬁ%*w*w‘ﬂh»w I
0O 0204006008 1T 1.214 10 1.8 2

we examine how well the data are reproduced with
known hadronic sources & combinatorial background
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o fit with MC shape & quadratic curve
 a hint on the spectrum of Cu data.

e longer lifetime; t~50fm - kinematical dependence 8



WW

Slowly moving ¢ mesons have a larger probability
to decay inside the target nucleus.

We divided the data into three by By (= p/m);
By<1.25, 1.25<By<1.75 and 1.75<Py.

Py distribution
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Invariant spectra of ¢g—>e*e-

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)
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Energy. Loss

Resonance Shape : Breit-Wigner + internal radiative correction
experimental effect estimated by Geant4 simulation
— energy loss, mass resolution, mass acceptance etc.

detector simulation for ¢

*Blue histogram : Detector
Simulation

6000 —

— Detector Simulation

— Breit-Wigner shape

*Red line : Breit-Wigner
(gaussian convoluted) fitting
result

Counts/[6.7MeV/c‘]

4000

EX
we fit the data by the ful
simulated shape, which =
fully includes the
experimental effect

|
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Model Calculation " Z
w/ medium modification o=

T

e dropping mass: M(p)/M(0) =1 -k, (p/py) (Hatsuda & Lee)
« width broadening: T'(p)/T'(0) =1 + k, (p/py) (k,~10 (Klingl et.al ))

p, ® ¢

m*/m 1 -k, P@p/p, 1—Kk,® p/p,
T 1 1+ k, p/p,
generation point surface uniform
& o (6(A) o A%) 0.710+0.021 0.937+0.049

| PRC74(06)025201]
momentum dist. measured
density distribution | \woods-Saxon, radius: C:2.3fm/Cu:4.1fm |,,




Fit Results of Model Calculation
m*/m =1 -0.092 p/p,

events[/10 MeV/c?] events[/10 MeV/c?]
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the excesses for both C and Cu are well reproduced by
the model including the 9% mass decrease at p,. 13



Invariant spectra of ¢g—=>e*e-
fit with modified M.C. ( k,=0.034, k,=2.6)

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)
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Fit Results of model calculation
m*/m =1-k, p/p, I'*l" =1+Kk, plp,

Best Fit Values
p, ® ¢
K, 9.2 = 0.2% 3.4706 %
K, O (fixed) 2.6718
p/o [0.7 £ 0.1 (C) -
0.9 = 0.2 (Cu)

The data were well reproduced with the

model;

m_,, decreases by 9%,

m, decreases by 3% and

[, increases by 3.6

at pg

Contours for k. and p/.
Contotira 1or Ll and ks, pgqué)em-
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syst. error is not included 15



Fitting Results of ¢ 2 K*K-
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modification is not statistically significant
Our statistics in the K+K- decay mode are very limited in the By region in which we
find the excess in the e+e- mode 16



nuclear mass number dependence of

. . 1_‘<I>-9K+K- / 1_‘<1)9e+e-
| /FKK =1+k, (/0//00) colored contour ;: MC

I /T =1+Kk.(p/p,)
:Tt’(;t /tht =1+k (P! o)
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e \¢ S &
amount of excess. i
kg =2.0+1.1(stat)+2.2(syst) ol | T
. 5 1
 The measured Ao provides
constraints on k, and K. F. Sakuma, nucl-ex/0606029

the first experimental limits of the in-medium
broadening of the partial decay widths :




Summary

We have observed the excess over the known hadronic
sources at the low-mass side of w. Obtained p / o ratio
Indicates that the excess is mainly due to the modification of p .

We also observed the excess at the low-mass side of ¢, only at
the low By region of Cu data.

The data were well reproduced by the model calculation based
on the mass modification. The fit results show that;

v p/o : the mass decreases by 9% at p, .
v ¢ :the mass decreases by 3%,
and the width increases by a factor of 3.6 at p,.

The mass modification is not statistically significant for the K+K-
Invariant mass distributions.

The observed nuclear mass-number dependences of
¢—>e+e- and ¢—=>K+K- are consistent.

— We have obtained limits on the in-medium decay width broadenings
for both the ¢—>e+e- and ¢—>K+K- decay channels. 18
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