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Outline

» Introduction

> Brief review of the formalism

* Hypotheses used for finite expanding system
* Non-relativistic treatment

> Illustration of results: ¢¢ back-to-back pairs

* Summary and future plans
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Introduction

* Late 90's > Back-to-Back Correlations (BBC) among boson-
antiboson pairs were shown to exist if the masses of the

particles were modified in a hot and dense medium
[Asakawa, Csérgo” & Gyulassy, P.R.L. 83 (1999) 4013].

- 2001 - It was shown that similar BBC existed among fermion-

antifermion pairs with medium modified masses
[Panda, Csérgo”, Hama, Krein & SSP, P. L. B512 (2001) 49].

- Some properties:

- Similar formalism for both bosonic (bBBC) and fermionic
(fBBC) Back-to-Back correlations

- Similar (and unlimited) intensity of fBBC and bBBC
- Expected to appear for p; < 1—2 GeV/c
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Formalism

- Infinite medium

H=H,—1 f dz dyj o(2) oM (Z — ) p(Y) i.l}i?ﬁiii‘{;‘n

- Asymptotic (free)
H, = %f di(¢° + | Vo [P +mip?) Hamiltonian, in the
rest frame of matter

- Scalar field ¢(x) +» quasi-particles propagating with momentum-
dependent medium-modified effective mass, 771« , related to the

vacuum mass, 7711, by

i [7]) = me —on2* ]

© Consequently: Q2 = m? + k2 = w? — §M? (‘E‘)
Q; - frequency of the in-medium mode with momentum K
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Some comments (bosonic BBC):

— b, (b',) > in-medium annihilation (creation) operator

— a,, (a',) > annihilation (creation) operator of the asymptotic
quanta with 4-momemtum L/ — (w,,k) | w? = Jm2 + k2 >0

They are related by the Bogoliubov transformation:

G,Tk = C; ka -+ S_1 b—k:

a, = c,: by, +sik bik s | ¢ = cosh[f.] | ; | s = sinh[f;]

—1
fio = gln(w /) | 5 squeezing parameter (the Bogoliubov
transformation is equivalent to a squeezing operation)

-quanta > observed; (-quanta > thermalized in medium

Sandra S. Padula
IFT-UNESP




Full two-particle correlation (7%s)

Spectra
Chaotic amplitude

Squeezed amplitude

G, (1,2)] . G, (1,2)]
G.(1,1)G,.(2,2)  G.(L1)G,(2,2)

HBT

\ -
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G.(1,2) = J@i @, |( (bl ) (enbr, )+ ((sokbor )(s7b0%, ) ) |

G.(1,2) = y@rey, [((s2kbl s )(euby, )+ ((cnby, ) (52T, ) )

- After performing the thermal averages > (O)=Tr(pO)

- If the thermal O gas freezes out suddenly at some time, at
temperature T, the observed single-particle distribution for a is

v
(2m)°

Vv B
swi|lerPng + sk [P (ny, +1)| = wy, 1y (k)

Ny(k) = (2n)
is given by

* k 2
‘ Cr SpNy +C_gS_p (n_p + 1)‘

ny (k) ny (—k)

C,(k,—k) =1+
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Finite size medium moving with collective velocity

* For a hydrodynamical ensemble > amplitudes can be written
as [ Makhlin & Sinyukov, N.P. A566 (1994) 598c¢ ]:

1 1q, . .T
G,(1,2) = 9 o, (x) Kie % ‘01,2 ‘2 T,9 +‘8—1,—2 ‘2 (n—1,—2 + 1)]

G,(1,2) = f d'o () Kfz et [Sil,Z Cp,—1M—1,2 + Ci,—2, 13i2,1 ( ,_2 + 1)]

(27)°

- o+ hydrodynamical freeze-out surface

- Squeezing coefficient: c;j =cosh(f. ;] ; s ; =sinh[f ;]

f(3,3,z) = %hl[(K-“-u (m))/(lfzk'juy(a:))} _ W, () + Wi (1)

“y TH 2y @+ (o

» Two-particle momenta: K/’ =3(k +k;) ;5 ¢ =k —k;)
» u” > local flow vector at freeze-out
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Additional hypotheses

Y
n; () ~ exp|— (K% u, — p(z))/T(z)]

. p@) _ T
Hydro parameterization T(2) _ T(x) 2R

- Freeze-out:

Sudden freeze-out f dt Ei,je—ziEi,j-T O(1 — 7o) d7y = Ei,je—ziEi,j-TO

E. .

Finite emission interval f dt E; ; F(r;)e "Fuill=70) gr . = T (E%’J-At)z]
1,7

(corresponding to: F(1) = Q(TA_tTO)e_(T_TO)/M )

- Non-relativistic limit:

ut = 7(176)




- For and small mass shifts,

> flow effects on squeezing parameter:

Kin. En. 2
O TN IMT )| > flow effects on f, - are negligible

m m2

= and s, . > flow independent

- What about the volume V ?

» 5; ;= 0 outside mass-shift region (

» terms oc n; ; > finite (hydro solution)

» integration could be extended to infinity:

= easiest V profile: Gaussian ~ exp[—72 /(2R?)]

(Gaussian cross-sectional areas)
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Squeezing region of radius R

- Flow, finite size & time

- Finite emission times >
significantly suppress BBC
signal intensity but it still

is strong (already known)

Finite size systems >
BBC signal oc size of

mass-shifting region

For weak flow coupling >

signal strength sensitive
to momenta; BBC with

<u>=0.5: comparable,
weaker or even mildly

enhanced than for
<u>=0, depending on k

¢ Back—to—Back Correlation

10 ¢
< 9 [ k=800 MeV/c .~ (a)
& 8 F <u>=0 LAt=0
O 7 ET=140 MeV
6 F R=7 fm e
5F
4 £ | 1Y
3E
2k , | at=2 fm/&we |
:I 1 1 1 | 1 I..-'I"I'J| 1 1 1 1 | 1 1 1 1 | III I.I 1 | 1 1 1 1 | 1 L1 1 |‘-‘I‘-"|"-I 1
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m, (MeV)
! k=800 MeV/
3 L K= ev/c N
< 10 Fl<u>=0.5 ' Y m=o (b)
O ¢ [ T=140 MeV Pk
. - R=7 fm '~ € x1/400
6 F
4 F .
- At=2 fm /S
2‘.... R P T B Y e e e mc_h‘}_f::‘
800 850 900 950 1000 1050 1100 1150 1200

m. (MeV)

my = 1020MeV
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Role of momenta and temperatures

pp Back—to—Back Correlation

* Momenta (<u>=0.5):
—At 2 fm/c (C)

[ <u>=0.5 Incr‘;asti)ng kmOdUIl:s "
_—;-1?45“MBV - \k=1000 Mev of the back-to-bac

- {7 momenta of the pair
enhances the effect

\ k—EUD Mev

IUDU 1050 1100 1150 1200 my, = 1020MeV
m, (MeV)

- k=800 MeV/¢c . (d)

- <u>=0 -+ Temperature (<u>=0):
- At=2 fm /¢

- R=7 fm {1 1€TT=120 Mev - BBC signal enhanced
: SR for lower emission

: =160 Mev (freeze-out)

- 14.0% . temperatures for

800 850 900 950 1000 1050 1100 1150 1200 finite sized systems
m. (MeV) emitting during finite
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Squeezing region of radius

- T,R, At fixed for two
values of k£ and <u>

mg = 1020MeV
¢ Back—to—Back Correlation

k=500 MeV/c
- At=2 fm/c

= T=140 MeV

- R=7 fm

(a)

<u>=0.5
- <u>=0

S0

T - _I'_I_’I__I__l-_l_ll_l__l-“rh‘r A B |_T L1 Tl
0 850 900 950 1000 1050 1100 1150 1200

E k=1000 MeV/¢
EAM=2fm/c

- T=140 MeV

- R=7 fm

(b)

|
| 1
S0y
i
; L ' 1
L e <u>=0
'
Lot ) U=
[ i
0 L}
I ! \

<u>=0.5-%

m. (MeV|C(k,—k

- Varying k as well:

|||I||||I||||I|I|I||I||||I||||I|||| T T T
900 950 1000 1050 1100 1150 1200 fm, (MeV) llIOO

m, (MeV)
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Squeezing radius i, system radius

- T,R, At fixed for two
values of k£ and <u>

@@ Back—to—Back Correlation

7 -
F k=500 MeV/c
6 A= 1Tm/c (G)
SE T=140 MeV
4 | R=7fm <u>=0.5
 R,=5 fm
3E <u>=0
2F - >
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" R,=5 fm
3k
2 F
S T T I A T T
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- Varying k as well:
T=140 MeV, R=7 fm, R,=5fm

00
eV)

00
eV)
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Summary

revive discussions on Back-to-Back Correlation

Estimated strength of BBC signal for:

* Finite size systems emitting during finite time intervals
 Expanding system with radial flow & non-relativistic limit

» Tllustration > simplified situation of weak flow derendence of

the BBC pair (close to central region) > ¢¢ correlation

* For single (/%) and two volumes (2 & R, ) cases:

- Pronounced maxima around m.~ m

- Similar behavior with and without flow

- BBC signal:
» increases for increasing size of mass-shifting region
» sensitive to spread in emission interval

» sizeable effect for particular cases studied here
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Next

- Introduce model-based mass-shift
« Perform more realistic calculations with flow
» Search for kinematical regions optimizing BBC signal

> Estimate shape and width of the BBC around the
direction k,=-k,=Fk

- Experimental feedback on acceptance > necessary
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2ckd zahrada v KrométiZi
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BACKUPS
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BBC function

* Momenta of the pair

by = —ky = k

- Back-to-Back correlation function

Cy(kyyky) =14 -

I<3EN

R3 +2

3

R2
2 2
L+ ™)

exp

p
exp[—

T

e« I kz

k* _Rz(m<u>k/m*)
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Correspondences

- Bosonic BBC Fermionic BBC

cr, = cosh[fi] |5| s, = sinh[f;] ¢ = coslfiy] |{ s = sin[fi]

a
aTk = Cg ka S S_¢ b—k Ak Ci |fk SkA

a i .
- SA C
. |fk: k k

A=[xl(ck)x,]; At = [x].(c.k) x,]

X, is a Pauli spinor

X, = —iolx, ; k= E/‘IZ‘
|k| AM(k)

— AM(k)M

=m — AM(k)

tan(2f;) = —
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Proton-Proton BBC

<CLZIG,Z,2 aklakz>=<a; ak1><a;£2 G,k2> <G,Z1 ak2><a,};2 G,kl

Quasi-particle description of the system = medium effects are taken into
account through a self energy function

For spin-1/2 particle under mean field in many-body system:

> 2+ "+ 9") "> to be determined from detailed calculation

35 > notation: Xs(k)=A M(k) /

31 > very small 2> negligible

30 > weakly momentum dependent >locally thermalized medium: p1.= 1 —30 >
do not need to be specified (results for net baryon number)

Hamiltonian H, > descmbes a Mys‘rem of quasi-particles with momentum-
dependen‘r mass M, = m — A
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