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Motivation

m Heavy quarkonia states serve as probes for QGP as their
masses are larger than other energy scales

m Heavy quarkonia states can be used as a thermometer for
relativistic heavy-ion collisions

m NRQCD - b-quark mass larger than other mass scales and can
be approximated to a non-relativistic particle

Maynooth University, Department of Theoretical Physics

NRQCD Bottomonium at non-zero Temperature using Time-derivative Moments



Introduction
oeo
Euclidean meson correlator is given by

G(r; T) = / dw
NRQCD correlator,

Wmin

S K(Tw)p(wi T).

Wmax
G(r; T) = / c21w

Wmin

 ATWT T
—e “Tp(wi T)
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Ensembles

Gen | Nf € as (fm) a;l(Gev) mi(MeV) N
2 |2+1 345 0.121 5.63 390 24/32
2L | 241 345 0.112 6.08 240 32
3 |2+1 7 *0.11 *11.66 *390 32

Lattice parameters for FASTSUM ensembles Generation 2, 2L and
3

T ~ 168 MeV (Gen2L)
T. ~ 180 MeV (Gen3)
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Mass

To calculate the mass we approximate the spectral function to a
Gaussian,

(w=m;)?

plw; T) o Ze i

and then take the limp2_,q, so we have

oo

p(w; T) Zé(w — mj)

i=0
The correlator then becomes,

G(T; T)ocZ/czj:‘: 5w — my)

i=0
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Mass

Taking the time derivative

oG(t; T)

; dw -
o x —gwe 0w, m

Divide by the correlator and
evaluate the integral,

G'(riT) _ [ —Sswe “T0um

G(riT)  [Sewrg, ,
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G'(r;T)
Grnm) "

We will use,

d(log(G(7; T))) _ G'(r;T)
or G(r; T)

We use a 4th order symmetric
derivative.
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Mass

 (w=mp)?
Z e

2r2

i=0

G(r) = ZA,-e_m'T‘H—2 22
G(T) _AOe—moT-i-r(Z)T 2 1+Z

Olog(G(7)) _

- or

—AmiT+AT272/2
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Mass
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T - Mass

m fit to 4 Log Derivative Method
M + ae=b7 *1 !

m increase with 204
temperature in < t
agreement 215 t f *
with other < g
methods £10

| M( To) =
9455(10)MeV,

— t
Mexp = ol , , , , ,
9460MGV 100 150 200 : (M;jo 300 350
= 5 = =
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Xb, - Mass

{ Log Derivative Method

m fit to
M + ae=b7 501

m consider I in :
fit? 2

m M(Ty) = Eé -0
9965(79)MeV, ool

Mex =
9892MeV -150

100 150 200 250 300 350
T (Mev)
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Width
width of T,

To calculate the thermal width, I', we approximate the spectral

(w=m)
plw) x e

2

function to a Gaussian function, centered at the mass and with a
2r2

dw _ . _
G(; T)oc/ge e
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Width

Since the spectral function p(w) is a Gaussian then I = Var (w).

— () -

We take a weighted average of w and w?

2
_(w=m)? _(w=m)?
) dw wleWTe o2 g_wwe—w'r e o2
r2— — | ==
dw _lo=m? dw _lomm?
f 5 e—WTe or2 e—w‘r e or2

and we can see that this is equal to,

»  G'(rT) (G(r:T) 2
= G(1; T) (G(T; T))
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Width

Since the spectral function p(w) is a Gaussian then I = Var (w).

— () -

We take a weighted average of w and w?

(w—m)? _w=m?\ 2
s gw 25—WT o7 512 gwwe—wre )
== (w-—m2 - (w—m)?
fg_;)e—wTe_ or2 fg_ﬁ;r)e—wTe_ or2
and we can see that this is equal to,
r2 — G”(T; T) o (M)2
G(r; T)
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&(log(G(1; T)))
or?

G"(r; TG(7; T) — G'(1; T)?
N G(r; T)?
_ G"(r;T) (G’(T; T)
G(1; T)
0Olog(G(7))
- ar

2
G(T; T))
9log(G(7))

F Ai —AmT+Ar2 2/2
= (—mo + 7)) + Z 0

T —
0r2

i=1
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Width
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T - Width

m fit to
2 —br 3001 4 perivative Method 12
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X5, - Width
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Conclusions

Mass

m Increase in mass with increasing temperature, in agreement
with other methods

m Particles with a larger width need further study
Width

m Increase in width with increasing temperature, in agreement
with other methods

Outlook
m Gen 3

m Mass of other particles with significant width
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Gen 3 Tuning

dispersion relation
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m Zero temperature
dispersion
relations used to
determine 1S spin
average kinetic
mass, Mo(1S).

m Tune the heavy
quark mass by_
requiring M»(15)

to equal its
experimental
value.
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