What Interferometry May Bring to the Study of High
Density Symmetry Energy?

e The history of interferometry
e nn, np and pp correlations measured simultaneously
e Heavier particles

« What did we learn about the symmety term in
experiments at energy < 100A MeV?

e Theory — at these energies ,,,,,,and higher.
* A comment about chronology
* Perspectives for ASY-EQOS
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Interferometry has a long history ..........
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This experiment | % O

was outlined at -\\\’Eé%*’\
the Jackson Hole S~
meeting 1992 ....... 0 05 in T~
o S. & and proposed to the SARA
R & PAC at ISN Grenoble, that

S m ~&y rejected it with the argument
liquid scint, .
that it should be more ’safe

¢ to focus on pp correlations™!
and he size of these expeiments changed... After a convincing per-
l formance by O. Skeppstedt
p: 20 CsI(T1) [EMRIC] a_bOL_Jt our a_blllty to handle
liquid scintillators, the next
n: 48 liq. scint [EDEN] PAC accepted it

PF: 36 phoswich [ARGOS]

experiments perfrormed @
SARA, RIKEN, AGOR, LNS
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and the result was ......
... where we plot

YAr + 197Au, 30A MeV , © ~30°

(q) I 4}
Cla) =gy Where a=u:[p=p, ,
nc (q) 2 B
and compare it to the two-particle correlation formalism 90 26 20 80 80 100

of Koonin/Pratt including (anti)symmetrization of the
two-particle wave function and final state interactions

(attractve strong interaction and for pp Coulomb int.)

[d*R-f(P.L.1)- f(P.Lut,)

"0 20 40 60 80 100

C(a,ﬁ)=.fd3r' ; — — 2 "lPlz( R)‘ 4 —
‘d r-f(P,r.t) s .
- 1 — — - — — — r _ 25 ]
WherePz?(pﬁ P,), F=r+r,, Rzaand t, is the C(q) ; Toeeeseseeetee
emission time for both particles at which the Wigner 0. 20 40 80 30 100

o _ q (Mev/c)
functions in space and phase — space are introduced

f(P,R,t,)= Idt-g(ﬁ,ﬁ—Z(te—t),t)

The weak np correlation due to:
1) supression of the S = 0 np state
i) p interaction with Coulomb field

g is now the emission model of your choice

curves right: At =0, Gaussianinr and p (----)

)

Evaporative (

LUNDS
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Isospin effects - easier to observe for heavier particles?

Data: CHIC Collaboration +
S. Kopecky, V. Kravchuk, H.
Wilschut, KVI, Groningen

s anticorrelations in nd due to t formation
% nt function contains “H unbound states
** pd (and pt) are dominated by Coulomb
% and pt shows also decay of exc. ‘He

+* isospin effects obvious for nd, nt, pt
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Isospin effects ......in  p_=p+p, gated correlations

36Ar + 121245, 61A MeV )
in the source rest frame?
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Observations tot

= progressively weaker correlations from left to
right — longer emission times

= higher correlation peaks for the n-rich isotope

Bo Jakobssn, Zagreb, Oct. 2009 UNIVERSITET



Interferometry - calculations

] o Velocity gated pairs
1. Comb. of Evaporation and At =0 Gaussian in r and p g o s R e
(old data) [Jakobsson, Pratt] Srah omerei |Th seemsroar
:%1.4- il =2 B3
2. Expanding fireball + Evaporation, Gaussian in space, i o
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Isospin effects ......... calculations vs data

Calculations, model 3, (J Helgesson, BUU — Bao-an Li)

no isospin ) soft _ - stiff  e.o.s

1
° 128n

° ﬂzsn

—
.

L

1]

v

1

'

1

1

i

L

-—
—_—
-

C(q) proton—proton
N

I ; ] ) i ® 1 1 J i
80 0 20 40 60 80O 20 40 60 80
Relative Momentum, g (MeV/c)

L

40 B0

]
N
o

The overall agreement is quite good (BUU stopped at 110 fm/c)
Isospin dependent potential gives better agreement
The stiff eos describes the differences better

pn data does not fit into this scheme!

Bo Jakobssn, Zagreb, Oct. 2009

LINIVERSITET



As chronometer............

Ar + Al, 61A MeV, velocity gated correlations

Classical picture of ....... _
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Perspectives for ASY-EOS

Detectors:

Some of those detector systems that are proposed for ASY-EQOS
are well suited as c.p. Interferometers (see next slides)

Neutron detectors (LAND, NEULAND, Lig. scint. Walls) must
be carefully evaluated as nn and part of np intterferometers

Parts of CHIMERA well suited for PFs. What about time and
energy resolution now for the use as interferometer?

Electronics: Trigger electronics well known (see last slide).
DAQ: No extreme requirements (slow count rates)
Physics: Extrapolations of BUU + evaporation

and QMD + evaporation to 400 — 800A MeV needed



Calorimeter part of Demonstrator(s)
- 3*5 CsI(TI) detectors of CALIFA/barrel type -

B. Jakobsson
V. Avdeichikov
J. Cederkall

K. Fissum

P Golubev

L. Isaksson

D. di Julio

Produced by Monocrystal, Kharkov

Assembled and bench tested in Lund and
Santiago de C.

Tested in 180 MeV proton beams at TSL,
Uppsala

final choice of readout device to be made soon
( normal PDs work very well for protons and
light fragments but unfortunately not for
photons at 100 keV, noise level too high)

*) USC design



TSL test with 179 MeV protons show small differences in the energy resolution between,
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Trigger electronics in NIM/CAMAC standard

for typical nn-np-pp interferometer

-
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