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PQCD In the QGP
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AdS/CFT

m 3+t]1 V=4 SYM < Type lIB on
AdSs x §°

AdSICFT String Theory

gravity

m Universal lower bound g >
— ~ 0.08 - agrees with
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NLO drag in AdS/CFT
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Derivation outline

m Find leading order classical solution of analogue of
offshell v = 0 light quark in AdS;

m Quantize fransverse fluctuations on limp noodle

m Semi-classical approximation: Take mode expansion
and populate according to Bose statistics

m Compute correlators and extend to arbitrary d (in
particular, d=5)

m Moftivate validity for v # 0
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Red + Blue: heavy flavour solution
Blue: light flavour propagating along heavy flavour solution




o

3

4 F X

1 b

+— 5 Gf .
—~ Of B
4
Sl N
0 —
X0 X0+I0
a X(t,0)
(a) world-sheet parameter-space S (b) embedding X1} . (S)

Si(a) ={(t,0) € S|o € [O, oF — at]} S,(a) ={(t,0) € S|o € (of — at, o¢]}

1 B o,if (t,o) €5,
Xptini(£:0) = (6, %0 + {af —at,if (t,0) €S,|’ 0)




LO classical solution

Metric:

5 2 2 d—1
2 T . 2 2 L dTl : — TH
dsj = 75 (—h(r;d)dt* + dag_s) + R d) h(r;d) =1 — (7)

Tortoise coordinate:

dr L2 1 d rg\9d—1
L(d) ;= L? = ——>5I |1, ; ;
r<(d) frgh(r;d) r\Ql( d—1 d—l(fr) >I
Cannot be inverted for
d>3
-> work in AdS; for

analytical solution that is
valid in entire spacetime

r.(d) > —0 asr - ry




LO classical solution

Metric:
2 L2 d?“2
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LO classical solution
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Quantization of
fransverse fluctuations

Expand leading order Nambu-Goto action with quadratic

terms:
SNG = ]d2U£NG|X6‘ + Sne + 0 (X1,
M
@ . _1 [ 0*Lng I yvJ
8= 3 | P oo, X X

XffidS?) S1(a)(t,05a) = XE(t,o5a) + M2 X (t,0)

_ (t, —rp coth (TH(TE"; ?) ) X (2, 0)) u
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Quantization of
fransverse fluctuations
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Quantization of
fransverse fluctuations

dw

X(t,r) = / %Aw [fw(7‘)6_?;‘*”50@J A f;(r)eiwtaz;]

0

Promote Fourier coefficients to operators:
o0

O dw —iwt A * Wt A
X(t,0) = / % A [ fulo)e iy + f3(0)e ")
0
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Semi-classical
approximation

Transverse fluctuations originate from
Hawking radiation of black brane

Distributed according 1o Bose-Einstein
statistics:
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Limit values

Small virtuality (I, < ry):
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(i) =5 4 o((t/8)"
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Limit values

Arbitrary virtuality:

ro

2 (. 5 T N
$2(t; a)|t<<ﬁ = 67:61—\& (frg — 6(72 — 1) (—Q*yE — T cot (,,—) + H_q7, + Hyj5y + 21n(r0)))

82 (t; a’) |t>>/g :nga,ll (t; a’)

Important result for extension to arbitrary dimensions
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Extend from AdS; 10 AdS,

Near black hole horizon:

2
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Minkowski Boundary 0.0F
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Comparison with other
methods

Heavy flavour (a = 0):

2mVAT? 2VAT?

1 dGubser 1

VY

q=

Light flavour (a =1, v~1):

3
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Predictions for heavy flavor

m Performed using two ‘t Hooft coupling constants
A4 =55 and A, = 12na, = 11.3,a, = 0.3

(EQCD - ESYM) (TQCD - TSYM)
m  aMC@NLO matched to Herwig++

m 2+1d VISHNU hydro model, assuming boost invariance

m 5.02TeV R}, and R%,
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LO Production bb (FONLL)

2.25 GeV < Pr, =2.75 GeV
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Low P; bb
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Medium P; bb
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High P, bb
12.25GeV < Pr, < 12.75GeV
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LO production bb
azimuthal correlations

s = 2.76TeV with 40-60% centrality
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LO production bb
azimuthal correlations

s = 2.76TeV with 40-60% centrality
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LO production bb
azimuthal correlations

s = 2.76TeV with 40-60% centrality
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LO production bb
momedp’rum correlations
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Conclusion

Theory:

m Smooth transition from heavy to light flavour energy
loss with diffusion coefficient conjectured to be
iIndependent of momentum

Phenomenology:

m Sfrong and weak coupling in qualitative agreement
on nuclear modification factor

m  Qualitatively indistinguishable azimuthal correlations

m BUT large qualitative discrepancy in momentum
correlations of bb pairs in a weak- or strong coupled
QGP

m |nitial momentum correlations show difference in low
pT momentum correlations is due to smaller
momentum fluctuations for low pT pairs in a strongly
coupled plasma
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Future

Back up conjecture with further numerical
investigation

Observables limited in pT due to statistics. Migrate to
Pythia for weighted production spectrum
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These might be
iInteresting

m [nitial momentum correlations with only trigger
particle momentum cut-offs

m Spike in correlations
m More illustrative 2D correlations
m Azimuthal correlations for higher pT classes

m Momentum correlation
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Quantization of
fransverse fluctuations

Separable Ansatz:

X(t,r) = fu(r)e ™"

Plug info EOM:

— : V= ——
1+ v r rEH

£§5) (r) 12Ty giwlracto)

Apply Neumann BCs:
@]

X(t,r) = / A, [fw ('r)e_ma,w + f:;(r)eiwtafu]

0 (still need to fix normalization) 39
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LO Initial momentum

correlations
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LO Initial momentum
correlations

dN
dAPr
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LO Initial momentum
correlations
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LO Initial momentum
correlations
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LO Initial momentum

correlations
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LO inifial momentum
correlations — single cut-off
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LO Inifial momentum
correlat

—
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LO inifial momentum
correlations — single cut-off
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LO inifial momentum
correlations — single cut-off
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LO inifial momentum
correlations — single cut-off
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NLO Inifial momentum

correlations..
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NLO Inifial momentum

correlations
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NLO initial momentum
correlations..
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NLO initial momentum
correlations..
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NLO inifial momentum
correlations — single cut-off
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NLO Inifial momentum

correla

lons — single cut-off
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NLO Inifial momentum

correla
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NLO Inifial momentum

correla

dAP;
0.004-

0.003}

lons — single cut-off

p
PTB,;’ | PTA,f € 10-20 GeV

20-30GeV
10-20GeV
4-10GeV

1-4GeV

EEEE

.\0-1GeV
\

\
N\

~

\
PTB,i | PTA’f € 0—§Q GeV

\
-~~~ 10-20Ge\

L \

J

\

~

APt in GeV



NLO Inifial momentum

correla
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Momentum correlation
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Relative Momentum
Variagnce
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NLO production
azimuthal correlations
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