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T=0 vs. T>0 SYM Theory

T=0 (zero-temperature 4d N=4 SYM):
(dSs)’

r = 5th dim // 4d energy scale: 0<r<oo

T>0 (finite-temperature 4d N=4 SYM):
ds?=r? (- I dt*+dx?) + ' dr?/r*+H(dS;)?
kT <r <o
5d AdS Schwarzschild BH = 4d heat bath




Static Quark Potential
at Finite Temperature

Notice:

* Nonanalyticity in A persists

» exact 1/r persists

» potential vanishes beyond r.
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e geometry produced by non-BPS D3-branes:
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e first integral of motion:
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e I' = 0 geometric UV-IR relation:
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JV—IR relation tor | >0

T=0 relation

Maximum inter-quark distance!

1>0 relation

U*M







Heavy Meson Configuration (T > 0)
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Heavy Meson Configuration (T > 0)
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JV—IR relation tor | >0

T=0 relation

Maximum inter-quark distance!
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Heavy Meson Configuration (T > 0)
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UV—IR relation for >0

1=0 relation

Maximum inter-quark distance!

T>0 relation

U*M




Heavy Meson Configuration (T > 0)
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e String enerqgy:

N = 1 i i
E(ogy(a =Us/M) = Qﬁ&’,/da\;[ }HZ
4
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e heavy-quark potential:

Ve (V) = Eqgy(@) — (Mg + Ma)T>0

e using "geometric UV-IR duality”,
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Heavy Meson Configuration (T > 0)
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e String energy:
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e heavy-quark potential:

e using "geometric UV-IR duality”,
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Compactify on “thermal” S1

* Euclidean AdS5 Schwarzschild black hole:
ds?=r? (F dt*+dx?) + ' dr?/r*+H(dS;)’
kT <r<oo
* antiperiodic boundary condition for fermions on t
* 3d x-space 1s now Lorentzian
* Similar construction works for nonextreme D4-brane

wrapped on “thermal” S1 -2 4d Lorentzian x-space




Application:
D-branes on “thermal” S

 “thermal S,” breaks N=4 susy completely
J At low-energy, 3d Yang-Mills + (junks)
J 5d AdS replaced by

J glueball spectrum 1s obtainable by studying
bound-state spectrum of gravity modes

Note:
4d space-time, topology: gravity // gauge
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YM,,, glueball spectrum

 07": solve dilaton eqn=2nd order linear ode
- result:

C 4329(41)  4.065(55) (input)
* 652 (9) 6.18 (13)
= 823 (17)  7.99 (22)

kKK

M. Teper]




YM,,, glueball spectrum

- Use T>0 D/ -brane nstead
- 07" solve dilaton eqn=2nd-order limear ODE

 result:

: 1.61(15) (mnput)

=

% -

— [M. Teper]

other glueballs fit reasonablv well



The Story of Square-Root

= branch cut from strong coupling?
= artifact of N—>oc limit

= heuristically, saddle-point of matrices

<TreM>= [[dM] (Tr eM) exp (-1% Tr M?)

Recall modified Bessel function
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s artifact of N—2>oc limit

= heuristically, saddle-point of matrices

<TreM>= [[dM] (Tr eM) exp (-12 Tr M?)

Recall modified Bessel function
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Baryons

= In SU(3) QCD, baryon is a color singlet state of
3 quarks Cabe Qa Qb QC

= In SU(N) SYM, baryon 1s a color singlet state of
N “static” quarks €, Q*QP A Q¢

1 Q- 0Q (o¥=1)

m U(N) vs. SUN):
center of U(N) 1s U(1); center of SU(N) 1s Zy
only SU(N) has baryon of N-ality
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Baryon vertex in AdSS

DS wrapped
on S5

N fundamental strings




On D5-brane worldvolume. .. ...

m D5-brane couples to external B, and G as
Los ~-(dA +B,)>+ AA Gq
m D5 i1s wrapped on S5, so Gauss’ law for A, 1s
Jos V -Eps =N where Ep. —d A
m bulk+D5-brane EOM for B, field
V - H; =0(D5) Eys  source for B, field in the bulk

m Combining the two equations, we conclude that N
bundles of fundamental string ended on D5-brane




Baryon vertex in AdSS

D3 wrapped
on S5

N fundamental strings




Closer look at AdS5 SUGRA

m 10d1

3 supergravity action contains Chern-Simons term

Scs =/ (B, A G; —C, AH;) A G; on AdS5*SS5 yields
Ssq¢= [agss [ €7 % H;[* G5 + N (B, A G; - C, A Hy)]
m Inside AdS5, D5 m the bulk and D3-brane near infinity:

Lp

;=-(dA’ +B,)?+ A’ A G,

m Solve combined AdS SUGRA+D5+D3 EOM for C,

o

-(ANG; +NB,—Ey;) =0 (but B, sourced by D5)

m (; 1s trivial, so mnduces N unit of electric field on D3!!




8 1S the magic number.. ..

m Bring D5-brane from flat 10d infinity into N D3-branes

before crossing after crossing
.= 4
N D3 D5 N F-strings

Like quarks mside baryons, N F-strings obey Fermi statisfics !




Intuitive picture

s Consider SU(2) — U(1) — @ gauge theory
m Add 6—term
Sy =[[E2+B2+6E-B]
m At nonzero 0, Gauss’ law reads
V-(E+068B)=0

m SO, monopole acquires nonzero electric
charge proportional to 8 (Witten effect)

Q.—0Q,/2n



Monopole 6-jump -Qx mduced Qg

By electric charge conservation, - Qg must be
deposited on O-jump

Between +Q and — Qg, a flux tube 1s formed




Baryon in AdSS

m DO—brane wrapped on S5 minimizes
enerqgy by falling into AdS5 geometry

m Since SH size Is constant inside Ads),
energy is constant (BPS state)

m Large worldvolume E field deforms the
shape of D5—brane

m | est of finite N through N—ality property



