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PLAN:

e The hierarchy problem and RS brane world scenario
e The Kalb-Ramond field and the return of the hierarchy problem

e Induced negative 4 dimensional cosmological constant
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The hierarchy problem
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RS Scenario:

Einstein action in d dimensions:
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non-trivial role of y;s:
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However:

If our universe (‘brane’) is located at
Q2 — e*A(yO)

—A(yo) Mparam

Physical masses M@Sys =e (4)

Thus if Mﬁgmm 2 =10%TeV and A ~ 12

Then:
MYt =1 TeV

y = 1o, metric has conformal factor

A Small conformal factor is sufficient to solve hierarchy
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Ansatz:

Computing the warp factor

Action (Mpy5 = M,Rs = R):

Eq. of motion:

Solution:

DO | Qo
s
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ds® = e Nudatdr” — r?d¢? «— extra dim
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Warping
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What if there are other fields in the bulk?

Branes in String Theory ? = D-branes?




Note:

Massless modes in string theory
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Computing the warp factor with bulk KR field

Ansatz:

ds®> = e 4 Nudatde” — r*d¢? «— extra dim

Action:

S = Scravity + Svis + Shia + Sk R
where,  Sgravity = [ d'z v dgpv/=G [2M*R + A
5—d
Suis = | d*wv/=guis [Luis = Vs
Shid = / d'x/=ghia [Lnia — Viid]

Skr = [d'z r dpv=G [~2Hyn HY'] — Additional

Eq. of motion:
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Solution:
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b ~ Energy density of KR field
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Warping
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Invert to get b = b(kr) :

b= (2/<3T)2 [1 — (COth(ZkTTf) — (mH/mo)QCOSGCh@kTW))Q}

kr = RS value = b=20
kr > RS value = b>0 )
kr < RS value = b <0 <« Unphysical, since then <”Ty;> eC

Therefore, b > 0, but how large 7
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log |b] vs kr, for T = 10716
kink = RS value of kr (b =0)
Left of kink: kr < RS value, b < 0 (unphysical)

Right of kink: kr > RS value, b > 0 (physical)

Any value of kr > RS value solves hierarchy

But
bmax - 10_62
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Extreme fine tuning of b !!




Induced 4-dim cosmological constant (0 for RS)
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SUMMARY AND OUTLOOK:

e RS model solves hierarchy problem with gravity and KR field in the
bulk

e BUT Extreme fine tuning of KR field: 1 part in 102 <« Return of the
hiearchy /fine-tuning problem

e Wrong sign of induced 4-dim cosmological constant
e Include dilaton, other fields?

e Is RS brane world the answer??




