In-medium properties of hadrons

¢» Introduction & Motivation

/

A

» Mesons in the medium
e 'o’-meson - pion pairs in the medium

e w-mesons in the medium

<»* Nucleon resonances in the medium
e The A(1232) resonance

e The second resonance region
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Partial restoration of chiral symmetry

e temperature and density ¢ effects on in-medium hadron properties
dependence of chiral

condensate
(Nambu, Jona-Lasinio model)
M. Lutz, S. Klimt, W. Weise,

® Brown-Rho scaling of masses:

mé,p,td/mo-7paw ~ m}(V/mN ~ f;&s/fﬂ

(G.E. Brown, M. Rho, PRL 66 (1991)2720)

® density scaling of meson masses:

Nucl. Phys. A542 (1992) 521
my , = Mmg,p(l — ag,ppp—];[) o~ 0.2

(QCD sum rules, C.M.Ko; lin. sigma model, Hatsuda et al.)
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Coupling of mesons to resonance-hole states

® well known example: coupling of pion to A-hole states — in-medium properties of A

® self-consistent calculation of meson and nucleon resonance spectral functions

from coupling to resonance-hole states (peters et al. NPA632((1998)109, Post et al., nucl-th/0309085)
meson and baryon self-energies from diagrams like:

@ invaccum: @ in medium:
T PN =£== ==£===
e mesons: , 7 v SN R N-1
::::‘ &:::: \ ] and
\\ /I ___\> 4/ Nt R
~_ - __p__l_::: === = === e =S
® p p
R P R
e baryons: :R:Z, N ,._E_ 4 ,
\ / \Q/
N
m/p/m T/p/n
® In-medium spectral functions:
. 1 1
e mesons: A7€%(q) = —1TIm
M (Q) @ q2—m%4—ﬂvac(Q)_nM(Q)
e baryons: pm¢d(k) = —L17m 1

@ k2_m%_zmed(k)
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® p spectral functions: (M. Post et al., nucl-th/0309085)
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In-medium spectral functions of the p-meson
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longitudinal

at low momenta pronounced double-
bump structure from s-wave coupling to
the D13(1520) (3/2~ — 1/2T 4+ 1)

around ¢q=400 MeV: influence of D13
reduced, onset of broadening due to
p-wave coupling of higher lying

resonances (F35(1905), P13(1720))

around ¢=800 MeV:

broadening of transverse part due to p-
wave coupling of higher lying resonanes,
almost no broadening of longitudinal part
(does not couple to p-waves, coupling to
s-waves small at large q)



mesons Iin matter: the ¢’ and partial chiral symmetry restoration

® predicted dependence of o-mass
on density (V.Bernard et al.):

500

0 0.5 1.0 20 2.5

15
/@

® masses of chiral partners
degenerate in chiral limit

Mo = Mg, (1 — OéP/PO)

® o spectral function,
expected effects on o — wo7°, 7T~
(Schuck et al., Hatsuda et al., Rapp et al.)
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first experimental ‘evidence’: mA — A’mr studied at CHAOS

® invariant mass distributions for
mtn— and 7T #T final states:

(mm) [
(Bonutti et al.) 2/

® The CHAOS setup

@/‘/‘!,‘..‘!'\!\

P \\\\\lllII////
/

T[+Tf 10 T[+T[+ 500 7 ,, (34 Mev/c n
wol e, Pb || ] X
I [ ¢ ¢ . < P i
| ... .. ++ # + = WC2 136 MeV/c\ / 1 %_
o ° ¢¢. | \ 47 MeV/c s N ‘
Ok .+ . . Qg | Oe . . . v . ° 500 ! / B
Ca ] S
50 @ 0®® 5 ++ ]
;' o © L ¢ +++++ 1 1 e .
% ° e ot ¢¢ ~500 0 500 (mm)
—~ o® L [ ]
o) .. [ ] [ -
3 Ope 1 —2e 0p * - ® phase space seen with CHAOS
& ®, C . + + + ot
2 Q - -
S 20 . o 2 ¢ ¢4.1'4.“ 10 0 T
© ® ) .. ¢+ ] —~~ 8 [
° > R
o® ° D I
ole. . . . f',_._ Olet . . ®%% s 6
(- 1" p "U 4 o
—
° ) I
) *® % et
5 . . 0.5 ..¢ . . 2 _
(<] 0 L
00_,o...° " ‘.!4| a0 00’,.‘ S .‘.'ZoLoL 270 310 350
Mm[MeV]

B. Krusche, Milos, September 2005



pion induced double 7 production: results

® CHAOS collaboration:(Bonutti et al.)
composite ratio:

cA= (g_gz/J)A/ j—%/a)

2] | anggeeas |
II- -IIIIIIIIIII-O
380 260 300 340 380

M__ (MeV)

260 300 340

Crystal Ball@BNL: (S. Starostin et al.)
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photon induced double 7 production: results (TAPS)

® invariant mass distributions 7°7° and 7*7° @ Ratio: Rpyc = (1242) ./ (20842)
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e w Identified via w — 7%y

photoproduction of w-mesons from nuclel

study of w mesons in (dense) nuclear matter is planned for heavy ion
reactions via the Dalitz decay of the w (HADES@GSI)

TAPS/Crystal Barrel@Bonn experiments for photoproduction of
w mMesons in normal dense nuclear matter

no complications from rapidly varying baryon density ¢ (

—— much larger branching ratio
(8.5 % for w0, 7 x 1072 forete™) W

—— almost no background from broad p-meson
(7°~ branching 8 x 10~%)

Tm
)
<

but: complication from FSI of 7°-meson
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Arb. units

photoproduction of w-mesons from nuclel - simulation

(J.G. Messchendorp et al.)
simulation with transport

model including predicted
w IN-medium spectral

® re-scattered pions
suppressed with cuts
on kinematics

® including instrumental
resolution and
27° background
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invariant mass distributions: 7°, n, n’
(D. Trnka et al., PRL 94 (2005) 192303)

® comparison: free proton - Nb nucleus
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Invariant mass distributions: w-mesons

® comparison: free proton - C, Nb nuclei (D. Trnka et al., PRL 94 (2005) 192303)
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Invariant mass distributions: w-mesons
(D. Trnka et al., PRL 94 (2005) 192303)

® momentum dependence of mass shift
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the second resonance region - where are the resonances gone?

@

Total cross section [ub/ A]

total photoabsorption from nucleon and nuclei
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single 7° photoproduction and the A resonance

® (total cross section in A region @ predicted spectral functions (Post et. al.)
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® broadening of A to =~ 190 MeV, comparable results found in analysis of coherent
79 photoproduction (Rambo et al., Drechsel et al., Krusche et al.)
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In-medium spectral functions of nucleon resonances

® spectral function of S11(1535)

0.15

® S11(1535) spectral functions almost
unmodified, largest effects from Pauli-
blocking of N7n channel and modified
p spectral function.
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® spectral function of D13(1520)

5_ | l '_ ® significant modification of D13(1520)
J 3 el _ spectral function due to strong

coupling to the Np channel
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contribution of resonances to Nn and N«

® n-photoproduction: o
dominated by excitation of the

S11(1535) resonance

w2-photoproduction:
dominated by excitation of the
D13(1520) resonance
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Gn/Aeﬁ[p.b]

n and single 7¢ production: S1;1 and D13 resonances

® 7 production
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® perfect scaling with A2/3,
comparison to BUU calculation (Lehr et al.)
no significant broadening, additional
width of ~ 30 MeV consistent with data

® ¢ production
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® suppression of the D13 peak
(but already for d!)
shape for nuclei could be consistent
with predicted spectral function
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new results for n photoproduction from nuclel

® excitation functions for C, Cu
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T. Kinoshita et al., nucl-ex/0509022
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quasifree YN — Nn total cross sections
Preliminary results from Crystal Barrel/ TAPS@ELSA, |.Jaegle et al.

1.5
10 a
o
[
@)
5 it
CG | |
o) di +
5 i W
+
. = crnlcIO data
— crnlcIO MAID
o-—r——r-"_ A B T R B S
1500 1600 1700 1800 1900 0 1500 1600 1700 1800 1900
W[MeV] W[MeV]

B. Krusche, Milos, September 2005




total cross sections from nuclel
Preliminary results from Crystal Barrel/ TAPS@ELSA, Th. Mertens et al.
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angular and kinetic energy distributions from nuclei

Preliminary results from Crystal Barrel/ TAPS@ELSA, Th. Mertens et al.

angular distributions
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for high incident photon
energies excess for lead
from n mesons with small
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angles in photon - nucleon
cm-system

behavior as expected for
contributions from
multi-step processes
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summary and outlook

@ pion and photon induced reactions show some evidence for
In-medium modifications of scalar - isoscalar pion pairs (‘c’-meson)
- new high statistics data for photoproduction (CBall/TAPS@MAMI)-

@ results for the photoproduction of w mesons from nuclei show first
evidence for the predicted influence of the w in-medium spectral
function on the line shape (CBarrel/ TAPS@ELSA)

-high statistics measurements proposed for CBall/ TAPS@MAMI C-

@ results for in-medium spectral functions of nucleon resonances con-
sistent with preditions:

e Nno significant effect on S11 resonance

e some suppression of D13 resonance, but shape not yet established
(lack of data above E, > 800 MeV)
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experimental setups - Ball, Barrel and TAPS

Crystal Ball

@& - MWPCs

BEAM > . Particle Identification Detector
g e MWPCs
Liquid Hydrogen Target ——
Crystal Ball
Crystal Barrel Mini-TAPS
‘ (1290 crystals) (216 crystals & vetos)
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