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Density of cold matter
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What is the density of cold matter?

e Transferred momentum

p=Mass/Volume

3

Volume ~ size”, size ~ 1/p,

p.(y) ~ 2 GeV/c

Size ~ 0.1 fm ?

or
4 nucleons 0.5GeV/c
Size ~ 0.4*sqrt(4) ~ 1fm?

® Femtoscopy

- - fl(ﬁl’ﬁ)
Rij(pi:pj)= : ;

Fi(BI1,(5)

space-time characteristics of source

® Other methods ?
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Femtoscopy as tool
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Measured size = Geometrical size?

«a-»

Particles with similar momenta (small q) are
preferentially emitted from close-by regions

length of homogeneity (Yu.M. Sinyukov, 1988).

T
rfemtoNTf\/Ef_: mt=\/(m2+kf)
t

radii depend on m,

=TT, T )

geom?’ " thermal

r

femto

K. Mikhailov, IT workshop on DCM and CP, St. Petersburg, June 15 20011 6



First Cumulative Femtoscopy

AD, 1.36, BHIN.4(10),1982, c.915.

IMMONBITKA OINPEJAEJEHUA ®OPMbI OBJIACTH,
I3 KOTOPON BBIJIETAIOT KYMYJATHBHDLIE ITIPOTOHBI

BJIACOB A. B., TABPILIOB B. b., IEFTAPEHKO II. B., BARIIEB 10. M.,
KOCOB M. B., JJEKCHH T. A., CTABHHCKHAN A. B, CYUKOB JI. A.

% . t
UHAHCTHTYT TEOPETHYECKEON H SRCOEPHMEHTAJTBHOH PH3HKHA TEHAD

 (Ioemynuaa 6 pedanyuio 1 mapma 1982 ¢.)

Ilyrem amanmsa pacnpefiefieHEE nDap KYyMYJIATHBHEIX NPOTOHOB, BEIIETAIOM[EX M3
anpa Pb, mo mpomoisHO#l M MOMEPeTHOH COCTABIAIIEM PASHOCTH HX HMIYJILCOB M3yda-
nace opma acTu obpasoBaHMA KYMYJAATHBHEIX wacTun. llosydeHH yKasagms, 4TO 3Ta
obracTes Hecdlepmueckas: pasMep IPOAOABHEIL OTHOCHTEILHO HALpDABICHHSA HAJeTANME
gacTEUE G0ABIIe mOmepeTHOTo. :

Transverse source size of cumulative protons is about 1.5 fm at X~3.7

p(8.3 GeV/c)Pb->ppX, p,=0.37-0.9GeV/c, 6=110-160°

pr:(EOE-pOpCOSG-O.5mN)/(E0-E+mN), where E,p,m,8 corresponds to two protons

Mean cumulative number of two protons: X ~3.7

Estimated source size r =4.5fm, r_=1.5fm
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CEBAF: eA - e'ppX, PRL 93(2004)192301
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What we learn from eHe - e'ppX

e The Lednicky-Luboshitz analytical model still work for such a small
source sizes as we get for He.

® The results of calculation within this model slightly depend on
the proton-proton potential if r,,  <2fm.

® The best fit for He data were for Reid (with core) and
Tabakin (without core) potential.

® [.ong-range correlation is important in case of small multiplicity (He case).

® Close track efficiency is very important for correlation study.
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CEBAF: eHe - e'pAX, Yad.Fiz., 72 (2009) 668
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What we learn from eHe - e'pAX

The p-pn pairs in the region of mass p/A around mass of lambda are correlated
(three particle correlations).

Comaprison p-pn” and p-pn* correlation functions

o 35 —~ p-pm, out of M,
2'5;_ —=— p-pn’, out of M A
23—%}% —«— p-prt’, in of M
150
e
o.szlw_luw.._..]..l



What we learn from eHe - e'pAX

The correction on long-range correlation is very important.

e**He—e'pAX, long-range correlation correction

Rmeasured

oS
5 Long-range correlation ~ exp{const*cos(y)}
4
- After correction on LRC
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FLINT and femtoscopy

Lednicky-Lyuboshitz Model: nn, r0=1fm

35

30

25

20

15

10

Expect larger size for identical particles:

T > 0.05 0.1 0.15 0.2 0.25 0.3
rnn rpp rnp, I dd q_,GeVic

QQ

Neutron femtoscopy:

TOF distance 2m

En=50-500 MeV

Resolution:

Ag~15 MeV/c -> At=300ps Ar~3cm

FLINT proposed position sensitive neutron detector

(see for details Stavinskiy's talk at: http://x4u.lebedev.ru/che2011/program.html)
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List Problems

® Does we measure size of flucton in FLINT experiment?
e Alternative measurements of flucton size?

® Femtoscopy and small sizes?

® Size of flucton or homogeneity length?

® Flucton radius of freese-out radius?

® Residual correlations, 3-particale correlations?

K. Mikhailov, IT workshop on DCM and CP, St. Petersburg, June 15 20011
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Conclusions

® [t seems femtoscopy is most powerful method to estimate the
density of cold nuclear matter.

e [t is important to have another method for cross check.

® One can estimate the flucton radius as about 1 fm looking at
the experimental data on cumulative particle correlation.

® The femtoscopy study of dense cold matter in FLINT (and

other experiments) experiment could provide an information
about the density of the matter.
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Thank you for your attention!
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Maximum value of correlation function R(q=40MeV/c)

> H ® 4 %

(Koonin) Reid potential
(Lednicky et.al.)scatt.wave appr. by the spher.wave

(Lednicky et.al.) Square well potential
(Lednicky et.al.) Tabakin potential
(Lednicky et.al.) Reid potential

=
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Invariant mass of pr
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CEBAF: eHe - e'pAX

Reaction and run condition

 The reaction: e*He, ‘He - e'pAX

« The data : e2a and e2b runs, 2430 millions triggers on *He and 440 millions on “He. The
beam energy was 4.7 GeV and 4.46 GeV respectively.

Identification of A

» /A-hyperons were identified by proton — pion decay: M(pm) = 1115.5+2MeV

» Cuts: Vertex (target walls), track quality, same TOF, transferred energy v, missing mass (eHe -
e'pptiX)

* Proton momentum range : 0.3 to 2.0 GeV/c

71T momentum range : 0.1 to 0.7 GeV/c

« Due to kinematical restrictions (K-meson production at least) the minimal energy transferred (v)
IS not negligible.
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