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Experimental motivation :

- CERES/NA45

Pb-Au 158 A GeV
Orig Otor™ 1 %0 ]
pt>200 MeV/c
Ope>35 mrad _

2.1<n<2.65

(a)

Low mass enhancement

due to in-medium modification

of light vector mesons (specially p).

IIlllIIII|FiIiIIIII|II|I|IlII|III11IIII|IIII

min. bias Au+Au at\jsT\lN =200 GeV

Mean freepath: A oc b >>D
o

€.m.

* DATA 1" yee Jy—ee
v[<035 .. noyee Y —ee E
" L e, = cC — ee (PYTHIA) =
—N Y — sum -
p—oee ¢C — ee (random correlation]]
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II!]!I|




Locp = Z q(iy“D,—m, )q +kinetic part of gluon

q=u,d

1 1
= —(1+ »° + —(1 = »°
q 2( YamY 2( 7°)q

Real world
= q L + q R .3 Ki ll_,fj_
di 1+l 1+£
Locp = Z{(qLiDQL +qRiDqR)_(ququ +ququ)] 16
o Mass term= 0 il Lk
L -4}
qur P>Uipqrr Upp=2¢"" /2) g SR 1 e‘&\iﬁ\%
¥ 5) SB‘(
z - OV e\ﬂ
W W
i AV W
o 03 oM, A Y
remain invariant under global )Y C‘O.\{a <)
SU2) , xSU(2) , symmetry & Q’i (5‘30 1
associated conserved Noether currents ik
Jf,aR = qL,R}/Iu (z° /2)q, & ! P-§ VA
Axial vector sza _ q}/,uyS (z_a /z)q _ J]él _Jf (1+) doublet o
current




Broken Chiral Symmetry Restored Chiral Symmetry

P O Strongly

interacting
0,08 [ "
= « Vit—=2nrv | matter
7 I ‘
< .06 1 Alt—> (Cn+nv | J
= ¢ — p(770) + cont.
E a,(1260) + cont. E | .ﬁ-illpn | - ! |
7 0.04F . c | i Dropping Masses ?
E d 2L ppImg i
H"‘,d: i L ﬁ IIIII Ill'l " n
:;[}[;2_ ‘ S + . | o -lllrll II"I.'L al -
= | s““ﬁ,, ++++H+HH (i g0\ pert. OCD i
= L § . J@#ﬁ.}%iﬁ;}h . . . .
L et : | 1 experimental data from heavy 1on collision
ee® o g . :
% I1 oy 3 seems to prefer melting scenario
s [GeVT] = , i 1
Spectral function of p and a1 are measured via hadronic £ Melting Resonances ? |
- =
decays of T lepton at LEP by ALEPH and OPAL = |
E _E;-, e pert. QCD
. . e e
The spectral properties of vector mesons and axial | & 2, |

Vector mesons in strongly-interacting matter may Mass
indicate about Chiral Symmetry Restoration (CSR). Rapp et.al. arXiv:0901.3289




Probabilistic amplitude of Unstable particle

time axis energy axis

--- Tim=0.1
40 ,A‘ _ gﬁ:;gﬁg; N
5 ) < 1t
41 trier T L” ‘\ |
02 nsform ’ i
0 1 2 3 4 ° 07 ._.,..‘-.——\———‘—"\/’ J\L \.\f‘"‘--'-'-'*'—'*“—“- du
It 0.7 0.8 0.9 1 1.1 12 13
2 zqﬂ/m“
N(t) _ W(t) = exp(—I't) N(q,) ');(%)
N0 0 p == =(1"/2)p(q,)
0) |w(0) N(m,) |y(my)
w(t)~exp(im, t—Tt/2) N 1 _
~ , =Im
v(q,) (G —m )T /2 p(q,) =1Imy(q,)

OFT definition of spectral function

Lim ~(q0) ~ (g, —my)

x=(t,X) o) q =(q,,9) =0
Lim ~(@) ~ 6(g* —my)

| MMM
~ Im 7 —m? +in Propagator < mmm <Ofy(x)w(x,)|0> .




Vacuum free propagator

—————————————— - - - - 4
Lim »(a)~ 6(¢* —m};) - —_—
I'—0 [ . .
i Vacuum interacting propagator
~ Im — —— i
q-—m, +in 2
D(q°) =
R T

Essence of RTF N\ J
Time evolutio =P (t_ H t_) i oP A i ~ density matrix ]
operator or=ip

Field Theory of vacuum Field Theory at finite temperature
| o0 -0 0 400
= ' Too j . j dr | |
t-axis . T-ip (+o0,-i3/2)
— 0 T-plane
Diagonalization (

D “> thermal propagator

D(¢".4.T) = :
q,q,7)= o —m —T1(q%.3.7) Thermal self-energy IT

-

4




1
A (q) = Im] .
o {q2 o (mphy + Am)z T lq(rdecay + AF)} —
total Hvac + ch Bl
Myye +ReTl, +Rell, =m, +Rell,

+ Am)2

- (mphy

A4,(q) =Tm[

]

Spectral function = Im [propagator] o

I\

1
{q2 _ (mihy) _ iqrdecay }

]

6
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Self Energy of p for mesonic loops :

(k)
(a) (a)
D,, = vacuum + Thermal
(p=q —k)
pv d4k Ly
v (q,T>=j(2ﬂ)4N (0. K) Dy (k, T) Dy(p=q-kT)

ImI* (q,T) = jd%Z ()3 (q, —aw, ~bw,)
a,b

Cl,b = —,— —,+ +,— +,+
;_ ; _=|=q0 ; : %
qdy L qr qy
Unitary cuts

Unitary cuts

gl =G> +(m, —m,)? g5 =G> +(m, +m,)?



k,p =z o(782)

_ | 7 h,(1170)
g 60 |— —
=l G 7 a, (1260)
20 NIm T
W 22~ vac® fn, (1+n,)-(1+n,)n )
00 I UJ._]. I L'IJ.-Z = 0|.34 \’if-‘ - UJ._S l_UI._ﬁ : 0.7 _I UI.S I R4 I |.I.|. I I.I.Z I ].I.3 I I.I.4 m
q=M [GeV] P

Ink, /. M)

2 oK ) P
S ey pp——e= == == =
- \p /
---------------------------------------------------- p
20— : (FM )
X S . . Bose enhancement of decay rate! 5.
O 0.1 02 03 04 05 0.6 07 08 09 .

q=M [GeV]




Self Energy of p for baryonic loops :

N N
P © P P C Y
B B

hfnn ~vae ®[ {(1-n{)(1-np)-mimp} + {(1=n3)(1-nj)-nyn;)]
o _(ivg S N) ; Pauli blocking of decay rate (T's,)
(B,B) (E,;) _____
In:nﬁf ~vac Q[ {(I-ny)ny-ny(l-ny)j + (I-ny)ng-ny(I-ng);]
(B, 12\[ PR , (B B) Bosonic collision rate (I'7)
O oQ—>
Landau cut Unitary cut

(mg—m,) (my +m,) M:\/qiz_)



Landau cut

K T L R A R R (mB_mN)
L T-IS0MeV 250 MV \" |=(0.94-0.94) GeV = 0 GeV [min]
=(1.72-0.94) GeV = 0.78 GeV [max]V
N'(1520 E
Unitary cut
(my +m,)
/] =(0.94+0.94) GeV = 1.88 GeV [min]
/N1720) =(1.72+0.94) GeV = 2.66 GeV [max]
s LILONN :
il ! O N
4] 0.1 0.2 0.3 04 M?(-}E;V) 0.6 0.7 0.8 0.9 1 A(1232) p p
. Nie2y 8B
N*(1650)
O L J
A (1700) —>
Landau cut N*(1720) Unitary cut

Mz\/q7—>



T =150MeV & p1, =250MeV

=250 _
r/ =20 MeV
M
200 - Y =55 MeV
= ; i
= f M
"_'CL -150 f | — m-=m (vac) - FB.e — 25 MGV
£ . | = m-m (med)
=§5 . | =— m-H (med) 7
E oo |— 7-H + NB(med) | |
— T, =150 MeV
-50 N\ |
. S
1 . |
0 1 1 ) 1 I L |- B e e~ Y
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

M [GeV]

Lice =150MeV Pl _95MeV | T =55 MeV T =20MeV

vacuum part of Z77  thermal partof 7z (7H = (NB =

loop (unitarycut) loops (unitarycut) 7@ , 7h,, 7a,) NN ,NA,NN ,NA")
loops (Landau cut) loops (Landau cut)



Physical interpretation of imaginary part & 1 A

of in-medium self-energy : +cex
T exp(E, /T)—1 P(=Liut)
m b
L, =T 4T} + T2 41, = Ced) |
mp |

rate at which p try to be thermalized with the thermal bath  |exp( E , /T ) - 1/

N—

Thermalized Hadronic matter with

mesons(H) and baryons(B)
7(140) A(1232)
@ (782) N*(1520)
. 7 B, (1170) A (1620)
_P _ R P a,(1260) N*(1650)
_P . ” fr A A (1700)
'\ / —————— N*(1720)
(B,N) (B,N)

N\ W.,B) W,B) /o



Real part

of self-energy

T=150 MeV ., =150 MeWV
~ qv=300 MeV

Relljm, [MeV]
o
|

A(1232)

Baryonic loops »

»

He T .l'|11 iblen




Effect of various loops on low mass invariant mass space

in p spectral function :

(]

02 025 03 035 04 045 05

T=150 MeV
|._L=25G MeV
qv=300 MeV

tot
n+H

t+H+N (1520) _
w+H+N (1520)+A+N (1650)+N (1720) | /4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
M (GeV)

7o , NN " (1520) & NA(1232)



Effect of baryonic chemical potential on p

spectral function in low mass region:

T=150 MeV , qu=300 MeV D

oy - . e HZG ]

| : ._ - — ”:1 SG ME‘V =

2l P |— =300 MeV ||

| .| u=450 MeV| |

61 e N

~  F . ,_"\ . "
E |- ..; % \ .. —
o | ¥ /N !

Im (3




Effect of temperatureon p

spectral function in low mass region:

o[ M=400,qu=500 MeV + 1 [= - T=130MeV ]|

== T=150 MeV
- T=170 MeV

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11
M (GeV)

Ap(qoaéaTnuB)



Effect of momentum of p in off mass shell on its

spectral function in low mass region:

J{} ! | ! | ! | ! ! 1 ! ! ! | ! | !

ol T=170, u=300

Im G_(GeV)’

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
M (GeV)



Effect of mesonic as well as baryonic medium modification of p

on dilepton rate in low mass region :

1 E T T T T T T 3
R T -
= fme— T
| - 1
L0 = ———  WHh, 3
- = — THHD =
= — -Bta-H p=250 —
"\._"\
|- ol A
H".

T=175MeV

dR/AM” [fm~ GeV ']

1[}'ﬁ = E
107 =
10" 2 04 0.6 0.8 !
M [GeV]
dR dR

= =(.)L _ A*(q’,q,T,
dM zdqudy d4q ( ) v Yo, (q q lLlB)



Self Energy of ® for mesonic loops :

Landau cut

(g—m, )°

dM?([IT;)

Lo

(q. M)]A,(M)

/| Landau cut

g w = .
Lint = 'Fi""m!r\n[fy h’-rftﬁﬁ — whed ﬁﬁ] 7T




Self Energy of ® for baryonic loops :

)

[i1]

ImlI mf'm (MeV

- (MeV)

Rell mf'rn

B

S. Ghosh & S. Sarkar
Eur. Phys. J. A 49 (2013) 97

T T T T T T

B - — T=150MeV |
I 40 u=150 MeV |

—— N'(1520) 0
[ |/ N'uesn) |
| |——— A'(1720) _
- |—— N 1535)
— N (940)
0

M (GeV)

P. Muehlich, V. Shklyar, S. Leupold, U. Mosel, M. Post, Nucl. Phys. A 780, 187 (2006).
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p meson spectral function ® meson spectral function

100
100 : : : : - : ' ' i
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0k —— =400 MeV
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=
Q :
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< 0.1 -
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0nl E -
L _ 0.001 | . | . | . | |
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Formalism of dilepton :
L. =e @ A“(x)+el JL(x))4“ (x) dN
t ﬂ - )

L. D. McLerran and T. Toimela,

Phys. Rev. D 31, 545 (1985).
H. A. Weldon,
S, ~ <FU d*xd *y AV ()T () ‘I} Phys. Rev. D 42, 2384 (1990).




current correlator W, is defined by

W,.u(go.3) = [ d*x ([T (x), JE"(0)])

1 _ 1 l
i E(-ﬁj-“u. = d.'j.'“(f) + E(f_ﬁ"‘,'” i+ f.':”}-'“{'-") st

jL
v G
._I“ — JH +
= ._Iﬁf — J;jf.‘} + -

Wisi— 2&(%)}7 mEImDp + 2¢(go)E2m2ImD;.  + -

pLv [Ny

Em(ﬂ') A P,Lw _ (r_,)y,u /{}2 v
; q° — m — O:(q) ¢2— m? — ¢’ (q)  q*m3

Fi— Implp o+ Fr=0.156 GeV, 0.046 GeV for p,w

R Ama?

Contribution of ® is down by a factor ~ 10



Dilepton production in
transverse momentum and
invariant mass space :

d*xd’q
- luid elemen
dN{q,u" (x).q. T} e
d*xd*q
dN (M) . b AN{q u”(x),q, T(x)}

= | d " x(Mdyd

dM J X( y QT )[ d4)€d4q ]

dN (g

dN{q ,u"(x),q, T(x)} |
d*xd*q

) _ j d*x(22MdMady )|

qrdq;

24




Understanding low mass enhancement

in the language of Thermal Field Theory :

' | ] I | ' +
10° e T £
& + ¥ ¥ ¥ 7 k —— )
ui e + © contribution
e el — . .«
vE QM SSeseeemee o771 [ Mesonic collision rate
[ ] (Landau cuts of H loops)
10° El - . .
- B.e. (HM),/.~ = Baryonic collision rate
I — baryonic collision rate (HM) | ] = =2 /'l'\
;" —— +mesonic collision rate (HM) >
L “'vac (HM =l
10 .+ vac (HM) +o(med) HM 2 O Bose enhancement
: i e OMAEM 1l @ of decay rate (p—nn)
10-50 1 | | '.| | | 1 | 1 | | | 1 | L | | | L +
0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 / Vacuum decav rate

M (GeV)
Baryon part from Eltesky et. al. [Phys. Rev. C 64,
(2001) 035202 ].....not our results of baryonic loops

—>TTT




Low mass enhancement at SPS:

(dN"/dMdn)/(dN,/dn) (20 MeV")

In-In dN_,/dn>30

v excess dimuons

¥ Renk/Ruppert

* Hees/Rapp (EoS-A)

= Dusling/Zahed

— HM =
— tot ]

-— QM

He. ;
J K Nayak, J Alam, T Hirano, S Sarkar and B Sinha
Phys.Rev. C85 (2012) 064906 -

| 1 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 e

E e NA60 dimuon data
i — this work
> — Eletsky et al
For all p,
3 S. Sarkar & S. Ghosh
J.Phys.Conf.Ser. 374 (2012) 012010
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M (GeV)
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Meson loop self-energies
(S.Ghosh, S.Mallik. S.Sarkar
Eur. Phys. C 70, (2010) 251)
+ Baryon part from Eltesky et. al.
(Phys. Rev. C 64, (2001) 035202)

Meson (S.Ghosh, S.Mallik. S.Sarkar
Eur. Phys. C 70, (2010) 251)
+ Bayon (S.Ghosh, S.Sarkar
Nucl. Phys. A 870, (2011) 94)
-loop self-energies







p meson spectral function ® meson spectral function
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Formalism of dilepton :
L. =e @ A“(x)+el JL(x))4“ (x) dN
t ﬂ - )
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current correlator W, is defined by

W,.u(go.3) = [ d*x ([T (x), JE"(0)])
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