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Brief Review: Phenomenology of Brane World Physics

1. BraneWorld Scenario

String Theory : classical solution  (Polchinski ’ 95)

D-brane: D+1 dim. object embedded in higher dim. spacetime

') O<— closed string in the bulk

end point of open string

Open string = fermion, boson, gauge on D-brane

Closed string = graviton in the bulk




Phenomenological model

4+n dm/ We are confined on “ 3-brane”’

SM fields Graviton livesin the bulk

% graviton
/ » N (conpactified) extra-dim.

“3-brane’

Beyond the standard model - Brane World Scenario New property

4+n dimension “ geometry”

Typical Scenario: Large (flat) Extra Dimension (Arkani-Hamed-Dimopoulos-Dvali, ’ 98)

War ped (small) Extra Dimension (Randall-Sundrum, '99)



2. Large (flat) Extra Dimension Scenario

Alter native solution to hierarchy problem
without SUSY, TC, etc.

My, ~ 102GeV <« My ~ 1019Gev  If My ~ My, = OK.

L ow scale gravity model
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Sa4n M#'ﬂ/ d4$dﬂy\f—94+nﬂ4+n

= M2 f d*z/gaRa

MZ = ;"I.If_‘}l_'::'lf’”, n: volume of n extra-dim.

Vi, = (27r)" (compactified on7™)

For f‘lf,q__'_n ~ 1 TeV
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Hoyleet al., PRL 86 (2001) 1418



Phenomenology

M 4+n

many graviton KK modes

GMU('T#: yls yzﬂ =1 y”) — ZQIEE){‘E#‘) X{ﬁ)(m

T_. 1-|l - 2 7 E .
(™ x e (’WH) = ':”2 1f 6dim. &
(i) Perturbative process
KK graviton: emission & mediated
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KK graviton emission

101

Emitted KK graviton = non-interacting & stable particle

- Missing ener gy event

Example: ete™ = v+ nothing

SM background: ete™ — YUV

| T T T T |
efe” Vs =1Tev —
Mp = 1.5 TeV 3
= k@'; RN —
AN =
C ~ ]
~ ]
~ i

~
— ~ —]
> \€7‘p 3
~ Le1;7p 4
N ‘4 -
¥
Sy :
~
£ E, < 450 GeVv
Er, > Ery"
AN
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
100 200 300 400

Ery” [GeV]

Ve =1TeV, Mgy, =1.5TeV

~> 7 + F) [fb]

a(ete”

E, < 450 GeV
- Ey, > 300 GeV

SM Bkgd 907‘:']/ Pol

M, [TeV]
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Virtual KK graviton mediated process
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Need reqularization

MAX
Naive: Cut Off by Mk~ ~ Maty,

FiniteBrane Tension/ Fat Brane  (Bandoet al. '99/ Hisano-Okada, ’ 99)
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Related topic: Higgs physics

Graviscalar, Radion-Higgs mixing

field spin d.of.

(1) N
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E s L= e
jk =
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In general, we can add
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Graviscalar-Higgs kinetic mixing

Tee 1 1) . i 1E?’1|? i i
Ei—h s - (1—|—Er'}*2£) qf'{ )@E‘i}( [ 5 ‘i?( )¢{ )

1
~ Sho (8% 4 (2x03)) ho — 676 (M) g2,

g

R YA



1 3(1'1 — 1) (ﬁ-)
o= TH
Eint 3M4\/ nt2 & i

Triplecouplings hg — ¢ — ()
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| nvisible Higgs decay width B(h — invisible) = n
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Cullen, Perelstein & Peskin,
PRD 62 (2000) 0550212

Constraintsfrom Collider Experiments

L ower bound on M4+n
from missing ener gy event

Upper bound on r

LEPII: ete~ — ~+ nothing
Tevatoron: qq — 7+ nothing
r(cm) /My, (GeV)

LEPII | 4.8x1074/1200 1.9x1077/730 6.8 x 107+</530

Tevatoron | 5.5 x 1072/1140 1.4 x 1079/860 4.1 x 10-12/780




Astrophysical and cosmological bounds

Anomalous SN cooling through gravi-bremsstrahlung

N - N
N+N-—->NF+NH+
N

N

r(cmjfﬂfi;_l_n(TEV)
SN1987A | 3 x 107%/50 4 x10°°/4 2 x 1071971
n==2 n=3 n=4

Primodial KK gravitons

| ncr ease the amount of matter > CMBR
Decay in photons = CGRBR

Myy, > O(10TeV), O(1TeV)
n=2, n=>=3



(i1) Non-perturbative process
VS > Myip TeV string, strong gravity

_ _ Giddings-Thormas '01
4+n dim. Black Hole for mation?

Dimopoulos-L ansberg

4+n dim. BH solution

ds? = —R(r)dt? + R(r)"tdr? 4+ r2dQ2
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BH production @ LHC

1 1 dy
‘-Tpp—}BH(EFmJﬂ} ™~ E [ dx [ _TI -ai(%@)fj(iﬂfyﬁ@} X gr’j—}BH(iﬂS: n)
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BH . : .
decay Evaporate by emitting Hawking Radiation
particleblind
¢ jv( E TH for each quanta
emission rate > #of d.o.f

=
-
S/ g BH - quarks& gluons 75 %

charged leptons 10 %

1 neutrinos 5%
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Iy = y \W,Z 2% each
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of produced BH @ LHC ( IDbe_l integrated luminosity)

Dimopoulos-L andsberg,
PRL 87 (2001) 161602

electron/photon decay channels
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NOT produce BH



(il1) TeV scale string theory

Evidence of TeV scale string theory? Mgy, ~ Mgy

(Perturbative) String Theory
M, =vnMy;(n=0.,1.2,...)

Many states: string Regge excitations
y I el J =0,1/2,1,3/2,2,5/2......

Phenomenoloqgy of TeV string theory

string Regge excitations: new contact terms /s < M

stringresonances /s > Mgy



Stringy correction to scattering amplitudes Cullen, Perelstein & Peskin,

do ( do PRD 62 (2000) 0550212
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String form factor: S(s,t) = r(1 s,/ﬂ-f tﬂ"f
- st “st

v's < Mg — Contact interaction mediated SR excitations

Example: Bhabha scattering @ 1TeV LC

_ M =31TeV
01l pe String model Ap = 6.2TeV
s VVcontact with A = 88TeV
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8§ = ME = nM <t — String resonance

nﬂf <s<(n+ l)M behavior of string form factor

In units of : Mgy = 1TeV
Ame?
35 T h 5 < j.lf(.{
Z M3 < s < 2M3
5 1 2M2 <s<3M?
S Y
H531A72 oosE

Cullen, Perelstein & Peskin,
PRD 62 (2000) 0550212



3. Warped (small) Extra Dimension Scenario  Randall-Sundrum, "99

5-dim. Theory compactified on ' /22

slice of AdSs
N<0
% S -/d‘*[ dén/—g (2MsRg — N)
» @ R— 4. | Coie — Mois
9 d S = [ a* o (Ls — A
Aniad (o) Ayisd(p — )

Solution of Einstein Egs.
ds? = e 2K |r-‘“’|-r;r;wd:.:t-”d:.:r"’ — -jr‘g.dqbz

N = —241113&'.
Ahid = Nyis = 24 M3k



4-dim. Planck scale
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Mg /K for krem > 1
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Alternative solution to hierarchy problem

SM Higgsliveson thevisible brane

SHiggs = /rﬁq.‘ﬂ\f — Juis [Jif:;(DH_H)T(D“H} ~MHTH — 1;5]2]

VGuisg, = TR = H — TTH  rescale
Sﬂig_qs = / d*x ['T;’”U(EMH)T(BHH) — l(HllIH — ';IE)E]

— kT
T = T-rlf:l W e c/

EvenifvO M4, v can betheweak scalewith #re ~ 12

Mild hierarchy



Phenomenology

Mg ~ My > My

graviton KK modemass M ~ ke "~ O(Myy)

KK mode configuration

F(O)(p) ~ e—KTem localize around hidden brane
f(T’)(m) s gl fg(’m, Kme“‘*"“""’”) localize around visible brane
0 )
Ei]‘lt — - ﬂf‘q’gﬁp)T#ﬂ
(n)

i
= g X, kT € o
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Collider physics

Davoudiad, Hewett & Rizzo,

KK graviton resonance production PRL 84 (2000) 2080
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4. SUSY + Extra Dimension

Sequestering scenario Randall-Sundrum, '99
slisy brebing % M SSM fields
hidden fidqd Z P > ©
hidden brane visible brane

tzOf
AVASH O
Loont = f J*6 ﬂ%‘i?.; - m3,,(1Q;  causssFONC
4

isforbidden by Geometry

SUSY breaking mediation = Anomaly Mediation Scenario

b g2
M)y, = lég'*zmyz different soft mass spectrum

i



5. Discussions

Extra Dimension M odel

L arge Extra Dimension Scenario
Randall-Sundrum Scenario

TeV string

TeV gravity --- BH production

Universal Extra Dimension -- KK modesof SM fields
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{i)\/{,_; < ﬂyir4_|_” or ﬂ-f;.,-;

KK graviton emission mg‘:’;, v/—

Graviscalar-Higgs mixing

Contact interaction mﬂ;x > /s
KK graviton
string Regge Angular distribution

information of intermediate fields

spin & mass



(”)‘\/E = ﬂf4_|_ﬂ_ or Mgy

Randall-Sundrum model: KK graviton resonance
TeV string resonance
BH production @LC

Sear ch for # of extra dimensions

Tr(n), My(n) asafunctionof n

| nfor mation of quantum gravity?
TIETL

st cm. energy Vs < Mp'y

how to extract quantum gravity information?

Check KK mode?  --- coupling measurement etc.



	

