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Infrared & Ultraviolet in String Theory vs Field Theory
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2d Gauge I nvariance and thel-ack of Infrared

Ambiguity
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Free Energy of Closed Bosonic String Ensemble
J. Polchinski, CMP 37 (1986) 104.
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- Spatial Volume=V =L?*. ThermodynamicLimit: '® O,L ® ¥.
- MomentumModes« nl Z. WindingModes« w1 Z. Orientations« #n,+w.
- 2d Field theory on astrip. Reparamz' ninvariant sum on stripsof all shapeand size.
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Heter otic Ensemble: Absence of a Hagedorn Transition
S. Chaudhuri, PRL 86 (2001) 1943. hep-th/0409301 .
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- Modular Invarianceand (1,0) Super conformal constraints, tachyon freespectrum.

- Interpolatesbetween W, ., (T =0)and W, ,,,.( =0). Let p'T ..., bA, =(1°0°).

S pLLpR)=(PHW A p -pA-w A% p.-pA-w A%)

17,1

@ ( 90+ Al B@X L?G
<
9 8 <7  9"0CAI>B@G &@
T? ch _T2
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U high temperaturedegreesof freedom grow asfast asin a 2d field theory.
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Kosterlitz-Thouless Duality PhaseT ransition
S. Chaudhuri, PRD 65 (2002) 066008. hep-th/0409301 .
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- Finiteand normalizablefunctionsof (T,V). ThermodynamicLimit: '® O,L ® ¥.

- CosmConst U Ideal Fluid, negativepressure. P=-r. Gibbsfreeenergy vanishes.

- Thermodynamic potentialsappear analyticin temperaturein thevicinity of T..

F(T)=-TW(T)=Vr. P=-
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- Infinitehierarchy of potentials, analyticin temperature,in thevicinity of T.
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Typel and Typell Open and Closed String Theories
S. Chaudhuri, hep-th/0408206 and hep-th/0409301 .
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Consider TypellB ensembleat infinitesimal temperatureaboveT =T, _,.
- Tachyonicwinding modesdominateW. Thew =1modeismost relevant operator.
- AL (QFT)split: F=F_ +F,, . Stringtheory:2d gaugeinv picksuniqueUV regulator.

- g =bosonic vacuum degeneracy. Worldsheet RG flow isin thedirection of lower " g".

- Thermal Phasesin thePath Integral : (-1)* w allowed, (-1)" n disallowed by Modular Invariance.
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ONLY thepurewinding modesgivenon - vanishing tachyonic contributionstothe FreeEner gy.

- MassSpectrum: a'(mass)® =-1+
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Typel Unoriented Open and Closed String Theory
S. Chaudhuri, hep-th/0408206 and hep-th/0409301 .
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Consider TypelB with 32 D9branes, worldvolumeWilson line: odX°A,, A, =(1°,0°).

- Breaksgaugegroup to SO(16)" SO(16). Nonsupersymmetric. Notether mal phase.
- Oneloop vacuum ener gy receivescontrib' nsfrom Annulus, Mobiusstrip, Klein Bottle.

- Cancellation of Ramond - Ramond scalar tadpole  absenceof dilaton tadpole.F,,,, =0!
Thermal Dual Typel' with 16 D8braneson either orientifold plane. Momentum « Windings.
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Holography in Open and Closed String Theory

S. Chaudhuri, hep-th/0409301.
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Order Parameter for Long String Phase Transition
S. Chaudhuri, PRL86 (2001) 1943. hep-th/0409301 (hep-th/0409031).
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Conclusions and Open Questions
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