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Introduction

Introduction

o At finite temperature, Lorentz symmetry is broken = temporal
and spatial directions are, in general, unrelated.

o Correlation function in the time direction is used to define spectral
functions, which gives information about the plasma’s real-time
properties, such as particle production rate.

o Correlation functions in spatial direction give info about
(1) The length scale at which thermal fluctuation are correlated
(2) The length scale at which the external charges are screened.

o These “static” observables are physical and eminently suited to
measurements in lattice experiments.

o Different operator gives different correlation lengths depending on
their discrete and continuous global symmetry properties.
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Introduction

Screening mass

@ Screening mass can show us how perturbative the medium is.

o Vector-like excitations can reach the perturbative estimate more
quickly than pseudo-scalar excitation (HotQCD 19).

o Perturbative estimation: M/T = 2w + ( + Ep)
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Figure: Credit: Sayantan Sharma’s talk in WHEPP 2019, India.
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Detailed setup

Detailed setup

o Defination:

1/T
C, [oa, ob} - / dT/d2XJ_ <0a (r,x.1,2) 00,0, 0)>
0
o In the limit of z — oo, C, [O“, Ob] o @ R =
1
wp = 27T (n 4 2) ., (''=27T = m — Screening mass

o For the correlation lengths ¢ of mesonic observables, O = ¢)I' F%),
where
L' = {1,75, %, W5}
e Physical significance of some of these operators:
y5F%1 o< n/-meson ,
5 F™p o< pion,
Yy F* o baryon number density,

Wy F") o electric charge density — (for Ny = 3 ).
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correlators

Next-to-leading order for flavour non-singlet correlators

o Infinitely many higher order graphs that need to be considered.

<> G

Figure: The diagrams which contribute to meson correlation function:
(a) free theory correlator (b) quark self-energy graph (c) interaction of
quark and antiquark through gluon exchange.
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correlators

Continued....

@ A convenient way of resummation of all the diagrams is offered by
the effective field theory, namely NRQCD.

o Correlation lengths can be seen as (2+1)-dimensional bound states
of heavy particles of mass “py”, which is much larger than infrared
scale gT, g°T.

o Correlation function in leading order dominates only at zero
Matsubara mode.

LY = [inopo — igy0Ao + Y& Dy + 73Ds] ¥

o The “diagonalized” on-shell effective lagrangian for two
independent light modes with a non-relativistic structure:
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correlators

Continued....

o Since we are interested in results up to O(g?)T, we can ignore the
spatial gauge fields.

2

\%1 \%1
EE =1ix <M gueAo + Di — >x+Z¢T (M geAo — Dy — >¢
2po 2po

o To be consistent at O(g>T), we should replace py of the tree-level
effective Lagrangian by a matching coefficient M = py + O(¢°T)
that needs to be determined.
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Matching conditions from QCD to NRQCD, with
Gribov
o Gluon Propagator (Gribov modified):

pPrpY P?
DHY(P) = |0" — (1 —
o The Gribov parameter g can be fixed from lattice
thermodynamics.
4k
3.
Sl ot
1F
0

500 1000 1500 2000 2500
T

NAJMUL HAQUE (NISER) QCD mesonic screening masses Aug 23, 2023 8/14



Gribov

o With Gribov propagator, quark self-energy becomes

_ . 7#(]5*@)7# Q? ;
P = —igory, P-Q)7 <Q4+vé>“gz

Q
QPL-@@ (@ @
: CFZ;QQ(P—Q)? <Q4+vé Q4+vé)

e With the above quark self-energy, the Euclidean dispersion
relation on the QCD becomes

p3 i[po — g*Cp(I + 12)]
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Gribov

Continued...

—1 [ ¢*dq n- mE
L= — O A e S
' opo Jo (@n)2 [E++E_]’ : [24 - ]

with n* — B.E distribution function, # — F.D distribution

function and Ey = 4/¢%> £~ and

¥ — 'yG d*q 1 n+n-  n+n
- T2 ) (2n)38EELE_||in—-E+E_ in+E—-FE_

1

—(n~ — n+)] BB

o On NRQCDg3 side, the pole location is simply p3 = ¢M. Now, after
doing the matching, we will get
M = po — ¢*Cr(Li + I)
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Solution for the screening states

Solution for the screening states

Correlators we have considered are

C, [O“,Ob] ~ /d%u <0“ (z1,2)O" (0L70)>7

o The E.O.M obeyed by the Green’s function (at large z), is of the
form

(0, — H)G(z) =C (=)

@ The tree-level contribution reads as

1
[(‘L +2M — pvi] CO(r, 2) x §(2)6@(r).
0

o Similarly, the 1-loop contribution can be written as

_ 1o o _ 2 1 Ve % ©
0, +2M Vil CW(r, z) = —ggCrK , ,—4>TPo | O (r, 2).
Po Zpo’ Po Do
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Solution for the screening states

Continued....

@ The kernel K gives the one-loop static potential as

V(r) = 3 [ 257

= 2L 2 4 g - K |-
9eg— |In 5~ + 7B~ Ko (yar)

o This potential determines the coefficient of the exponential fall-off,
¢~ = m, through

&

[QM = == V(T’):| Uy =m¥g
Po

@ To find the solution numerically, we rescale m —2M = g%%EO

o EOM becomes [—Z—j + V(r)} Uy = g%%EO\IIO
o After solving for Ejy, the Screening mass can be obtained as

m = 27TT+92T% [E — 4%(]1 +IQ):|.
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sults and Disc

Results and Discussion
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Figure: The temperature dependence of the scaled screening mass. The
dashed line represents the free theory result from m/T = 2.
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Results and Discussion

Thank you for your
attention.
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