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The Nature of Mass

98% of mass is generated
dynamically

The spontaneous breaking of Chiral
Symmetry in vacuum is the origin
of ~2% of the mass of hadrons

Mesons Baryons
(& — 12!

Changes of properties of hadrons in

the nuclear medium may signal:
-Chiral symmetry restoration
-exotic state of matter,....

AEg As < qq>— 0 chiral
symmetry is restored.

7t = Nambu-Cold$tone boson
and as a conseguence, masses,

vacuum condensates coupling constants, widths of
hadrons may change.
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Model Predictions of Vector
Meson Properties In Medium
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Medium modification of vector mesons

The predicted medium modifications are so large that even at normal nuclear
density, they can be observed, so:

*Vector mesons can be produced in nuclei with probes that leave the nucleus in
almost an equilibrium state vy, P,

e (probe) +A--> VX ->efe X (no FSI)

M=782 MeV T =8 MeV ct~23.4 fm
¢: M=1020 MeV T =4 MeV

ct~44.4 fm :
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P+A 2 p,w,0tX (p,w,p > et+e-)
M. Naruki et al, PRL 96 (2006) 092301
Subfract the background and constrain the w/p ratio to include p
Using a model that predicts the probability for p mesons decaying inside the nucleus.
m*/m =1-0.092 p/p,
events[/10 MeV/c’] events[/10 MeV/c’]

i p/o=0.7+0.1

C

1000

— fit result — fit result
- p—>e'e” —p—>e'e”
| e w—>ete
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R.Muto et al., PRL 98 (2007) 042501

I By<1.25 (Slow) 1.25<By<1.75

|

m*/m=1— /Py,

Best Fit Values

P, 0

?/ndf=83/50

™53 1 T o k1 9.2+ 0.2% 3.4+0'6_0_7%
mass shift for low recoil momenta ¢ in Cu k2 0 (fixed) 2.6"'1-8_1_2
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TAPS: CB-ELSA

W p
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Reactions

v +3He-->p+X (p->m+m-)
p+A->p,m,p+X (p,w->ete-)
p+A->p+X (¢->e*e-)
Y + A-->0+A%(¢--> K*K-)
Y+A-->w+X (o --> 70 y)
JLab-g7a y+A-->(p,w,9)+A* (VM-->e*e") a= 0.02+0.02
p+A->p,(D,(|)+X (p7(07¢_>e+e_)
p+p,d->p,w,0p+X (p,w,p->e*e-)

-Only g7 with EM interaction in entrance and exit channels
-TAGX, Spring8 and TAPS have hadronic FSI.
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5 Recirculation
Arcs
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Particle Detection In CLAS

LARGE ACCEPTANCE
SPECTROMETER

CEBAF

METERS
00102 .3 4.5 67

Chambers

8 9 10

Electron Beam

Electromagnetic
Calorimeters

Cerenkov
Counters

Time of Flight
Scintillators

JefferSon Lab

OThomas Jelte

Brookhaven National Laboratoﬂ

Science / U.S. Dept. of Energy

June 2, 2009




Segmented Target
Foils of Carbon, Iron, Titanium, and Lead

LD2 (LH2) as control

Counts Vs z; condition sqri(x*x + y*y) < 1.2|

4000~
3500 ;
3000 ;
2500 ;
2000 —
1500 ;
1000 ;

500

0

D.P. Weygand [KIGY Brookhaven National Laboratorj;

on Lab
fffffffffffffffff a» of Science / U.S. Dept. of Energy

June 2, 2009

h1
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Mean = -8.953
RMS - 6.828




Excellent /e Rejection

oi.u @) ol A ol
0 02 04 06 08 1

e*e Invariant Mass Spectra

Excellent nt/e discrimination: 5.4x10 for one and for two arms.
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Backgrounds

Correlated:
Monte-Carlo simulations using a model
(BUU) by Mosel et al.

including various decay channels
and nuclear effects, and CLAS detector
simulation package (GSIM) Simulations
with BUU includes all the e+e- decay
channels with same strength.

Semi-correlated”:

Bethe-Heitler calculated by Mosel's 3roup - negligible

YA 00 X >y ete- y ete- 2 ° Dalitz decay mixed > negligible
10> ete- ete- double Dalitz > low mass

Uncorrelated:

Mixed event technique. Pairs of identical (e+e+, e-e-) leptons, which
are produced only by combinatorial background provide a natural
normalization and samples of uncorrelated particles.
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Uncorrelated Background
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e’ e Spectra: Background Subtracted Fit Results

fit result
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Ratio A/2H: Varying pole mass
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Ratio A/?H: Varying pole mass
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Ratio A/?H: Varying width
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Ratio A/?H: Varying width

G=.14
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Summary on the p meson

Target Mass Width G’i\ggss:n G%\QS:Zn
(MeV) (MeV) BUU BUU
770.3 +/- 3.2 ]85.2 +/_ 8‘6 --

762.5/-3.7 | 176.4+/-9.5 | 7738 +/-.9 | 177.6+/-2.1
779.0+/-5.7 |217.7 +/-14.5| 773.8 +/- 5.4 | 202.5 +/-11.6
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Summary on the p meson

Our result (o =0.02 £ 0.02) is consistent with no mass shift
Result does not confirm the KEK results (a ~0.09).

Rule out AM a la Brown/Rho ( 20%) and Hatsuda/Lee (a
~0.16)
width reproduced by GiBUU

momentum of p limited between 0.8 and 2 GeV

Brookhaven National Laboratory June 2. 2009
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w/$p Absorption

g7a Mass Shape, d2 g7a Mass Shape, C12
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o absorption

The in-medium width is I'=I';+I"

Kaskulov, Hernandez & Oset EPJ A 31 (2007) P4Miihlich and U. Mosel NPA 773 (2006) 156

o *
1 where I'e; = ypvo©yy
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w Absorption

The in-medium width is
I'=C 4T, where T, = ypvo"

coll

P. Miihlich and U. Mosel NPA 773 (2006) 156
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¢ Absorption

Spring8 y A »¢ A’ » K*K A’ (Ey=1.5-2.4 GeV)

Giessen calculations

— — — — Giessen calculations
w/ Spring8 absorption
Normalized to carbon strengths

Il JLab (preliminary)

fSprings

T. Ishikawa et al. Phys. Lett. B 608,
215 (2005)

I

Proposed JLab data
aarl @
‘_e\\m\ﬂa

] 1] OpN ~ 25 — 55mb

P Rl BN B Teon ~ 11 — 25 MeV
50 100 150 200
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Large stafistical error bars.
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p—w Interference
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phi =6.7000
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p—w Inferference
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Summary and Conclusions (Medium Modifications)

~

e*e from rare leptonic decay of light vector mesons are identified.

= Clear p, w and ¢ signals in the invariant mass spectrum.

= "*Mixed-event” technique gives both shape and normalization of the
combinatorial background.

* Correct mass shape is extracted.
* No mass shift and width increased by 40% in Fe ( as predicted by
GiBUU)

* From transparency ratios, width at least ~ 150 MeV!

* From transparency ratios, in medium total cross section ~ 30 mb

- High Statistics measurement of e*e” productiononH, gi2 70 pb!
- Conditionally approved grb high statistics data on LD,, C, Fe, Nb and Sn
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Combinatorial Background

ete- (mixed)
et+e+(same)
e-e- (same)
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x2/DOF=1.1
x2/DOF=3.9
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Systematic errors on a

TABLE II: Summary of systematic uncertainties in the mass
shift parameter a. For the total error, the individual contri-
butions were added in quadrature.

Source Description Aa

Vertex Cuts Radial Position 0.003
z Position 0.001

Time 0.002
Corrections Momentum Corrections |0.0015
Target Energy Loss 0.001
Target Position z Dependence 0.006
Background Sub. Mixed-Event 0.001
Normalization Factor
Fit Range Table 111 0.007

Total Sum of individual sources| 0.01
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