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Outline of My Talk

wHighlights....

x Einstein Gauss-Bonnet warped geometry model
In presence of string loop corrections and dilaton
couplings ....

wWarp factor and brane tension .....
wAnalysis of bulk Kaluza-Klien (KK) spectrum.....

*Bulk Graviton & brane SM field interaction in
presence of Gauss-Bonnet coupling.....

* Collider constraints on the Gauss-Bonnet
coupling from Higgs phenomenology....

*Bottom lines....
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HIGHLIGHTS

» Determining the modified warp factor, the brane tensions
and addressing the gauge hierarchy issue.

» Study of different bulk fields and the profile of the wave
functions to examine their overlap on the visible brane as we |
as various KK mode masses for these bulk fields.

» Examining the interaction with the brane fields to evaluate
their possible signatures.

» Comparing our results with that obtained through the usual
RS analysis.

» Stringent collider constraints on GB coupling from differe nt
phenomenological probes obtained from 125 GeV Higgs.
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THE BACKGROUND WARPED GEOMETRY MODEL

» 5D MODEL ACTION
S(5) = Sgn + SGB + Sloop + SBulk + SBra,ne

where

M3
Sen = =2 [d’z\/—g) R

o5y M
Sap = =252 [d’z /=g [RABCD(ES)RS%;CD —AR*PORY) + Ré)}

Stoop = _a(5)A21M(5) fd5:c\/T(5)691¢ [RABCD(E))RS%}CD
~4RAPORT) + RY |

SBulk = fd55€\/—9(5) [ﬁgﬂg - 2A(5)692ﬂ
SBT‘CL’I’L@ — f de 2?21 _g((é)) |:’C{;)eld o T(’L) 692¢i| 5<y o y(z))
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THE BACKGROUND WARPED GEOMETRY MODEL

» 5D MODEL ACTION
S(5) = Sgn + SGB + Sloop + SBulk + SBra,ne

where

M3
Sen = =2 [d’z\/—g) R

o ey M A 5 A 5
Sap = w fd5x«/—g(5) [R BCD(5)REA)BCD — 4R B(5)R1(4%3 + Ré)}
~4RAPORT) + RY |

Sow = e 5 B 2]
SBT‘ane — f de Zle _g((é)) |:[’{;)€ld - T(’L) 692¢i| 5<y - y(z))
» BACKGROUND METRIC

dsé) = gapdxidz? = 6_2A(y)na5d:co‘dx5 + r2dy?
»S1 /7, orbifold points are  y; = [0,7] and PBCin —7 <y < 7.




THE BACKGROUND WARPED GEOMETRY MODEL

»From a theoretical standpoint, like RS the
proposed warped geometry model has its
underlying motivation in the backdrop of
string theory where the throat geometry
(Klevanov- Strassler) solution exhibits
warping character.




THE BACKGROUND WARPED GEOMETRY MODEL

»From a theoretical standpoint, like RS the
proposed warped geometry model has its
underlying motivation in the backdrop of
string theory where the throat geometry
(Klevanov- Strassler) solution exhibits
warping character.

» The higher curvature perturbative
corrections to usual RS model originate
naturally in string theory where power
expansion in terms of inverse string
tension yields the higher order corrections
to pure Einstein’s gravity.
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THE BACKGROUND WARPED GEOMETRY MODEL

A Far-Out Theory Describing What's Out There
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WARP FACTOR AND BRANE TENSION

» EINSTEIN GAUSS BONNET EQN

VT |G+ 5 (1 ) 1| =

b2

(25) {Aw)\/ —95)95n + 2 Tty —9(5) 9505650 (y — ?J())]
» GRAVIDILATON EQN

AE 2im oy =905 €70y — yii) =




WARP FACTOR AND BRANE TENSION

» EINSTEIN GAUSS BONNET EQN

V=96 [fog + 2@ (1 Ae”?) Hf;] -

(5)

020 /
2 [A(5)\/ —9g(5) gAB + Zz 1 L) _g((5))9a)5A55 (v — y(i)>]

M)
» GRAVIDILATON EQN

M(z) > T/ —95)e™8(y — yaiy) =

V=9 {ae A6, [RABCD“’)R%CD 4RAB<5>Rffg + RE)|

where o, - [x2) -~ JaEh s
#) Z2r() | RCDEG) _ 4Rf§’) ) RODE) _ 45(E) RCE) 4 3p(5) RG]
5 5 5
- 345} <RABCD(5)RE4%30D sRABGI R 4 R(5))
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WARP FACTOR AND BRANE TENSION

» DILATON FIELD

» WARP FACTOR

where

3M? 4oy 1—A1e%1?)A e
k:l: _ (5) — 1+ 1 i (5)( 73 ) (5)
1604(5)(1—A16 1 ) (5)




WARP FACTOR AND BRANE TENSION

» DILATON FIELD

dy) =>4 (M + 9i>

3
QP

» WARP FACTOR

Aly) == As(y) = kxrcly|
where

— 3M(25) 4o (s) (1_A1 691¢)A(5)e‘92¢
k:t - \/160&(5)(1A1601¢) {1 :|: \/1 _I_ 9M(55)
*RANDALL-SUNDRUM (RS) LIMIT :-

- 24M3

(
As) |
k_ — krs = with Ay <0
(5)

(a(5)7A1791792) — 0= $

\ k_|_—>OO
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WARP FACTOR AND BRANE TENSION
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WARP FACTOR AND BRANE TENSION

Nnr—r———————— Nr————r———7+r——+r
e POINT OF NO WARRING IN THE BULK v '\‘ POINT OF NO WARTNG IN THE BULK '.'f
5 = 0.0046

05 = 00051

a5 = 00009
a5 = 0001

0r

0r

o =003

a5 = 003

> >
< o5 =03 ! <
/
U
L ’I ] L
10’ 4 n | 10’ V4
L 'I | L P
, RN I ’ L
L ¢, ] L ‘/' ]
0 | T 0 | I
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
y y

(e) Aisy >0and A; >0 () Asy >0and A; <O




WARP FACTOR AND BRANE TENSION
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WARP FACTOR AND BRANE TENSION
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WARP FACTOR AND BRANE TENSION
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WARP FACTOR AND BRANE TENSION
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WARP FACTOR AND BRANE TENSION

» BRANE TENSION
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WARP FACTOR AND BRANE TENSION
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» GRAVITON MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

» GRAVITON MASS SPECTRUM:
eSpin-2 transeverse and traceless graviton d.o.f. are
generated via tensor perturbation in the warped metric.

(n)
eKK reduction ansatz: |h,s(z,y) = ano h((lg) (z) —i\’/(;f—c

where

( (mG

XEEI,)G(Y) = < ek+rem j2(%ekirc7r)

4D effective action: Sg D [d*z > 07  hef (W) (:c)hg:'g () (m

kit eZkerelyl j2(%ekircly|) torn 0
n

| VKk+re forn = 0.

2
w)i
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ANALYSIS OF BULK KK SPECTRUM

» GRAVITON MASS SPECTRUM:
eSpin-2 transeverse and traceless graviton d.o.f. are
generated via tensor perturbation in the warped metric.

(n)
. _ 00 n < (Y)
KK reduction ansatz: |hag(z,y) = 300, hc(xﬁ) (z) Xi{/—iy

where

( (ms)i kirc|y]
/kj:rc ezk:i:rc|Y| jg(Te )

X(n) (y) = < ek+rem (MF) s kiron formn >0
+:G jz(Te £re™)

| VKk+re forn = 0.

. . oo o n n 2

«4D effective action: Sg D [d*z 322  hoP ( )(l‘)hég) (x) (my)

KK graviton mass spectra: | (my), = (n+ 3 F 3) mhee F"eT




ANALYSIS OF BULK KK SPECTRUM

» GRAVITON MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

» GRAVITON MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

»SCALAR MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

»SCALAR MASS SPECTRUM:
.S‘I’ — %fd5x\/ _9(5) [gABgA(I)(xay)ng)(xay) o mgb(bQ(xay)}

(n)
KK reduction ansatz: ®(z,y) =Y -, ®"(x) Xi\;/cx;_c(?ﬂ
where

( ( E)Z Kk k (my)
s rer i are gy s ey
" (¥) = 1 (mE)7 (F) L sy rer orn =0
Xia(y) = S EOETT L (2)F g (i BT
\ \/1—;%12;@ forn =0

e4D effective action:
Se = [d'e 7, [1F @ (2) T, 8" () — (mI)F (8™ (x))?]
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ANALYSIS OF BULK KK SPECTRUM

»SCALAR MASS SPECTRUM:

— —
0SSy = %ICPZU\/ —9d(5) |:gAB 8A<I>(x,y) 8B(I)(Qj,y) — mgb(bQ(x7y)}

(n)
KK reduction ansatz: ®(z,y) =Y -, ®"(x) Xi\;/q;_c(y)
where

/ 2
(mq))j: kircwﬂeZkiPC|y| j@((mkg))iekirdy')
+

2
k V:i:

XE;I,)@(Y) = < J(m )j: 2kj:rc7r+4 (V:i:)2 j q)((m j:):i: k:trcﬂ-)
:t

kire
L 1_e—2kj:rc7r

e4D effective action:
Se = [d's T, [ .8 (2)F, 8 (@) — (mT)Z(8™) (x))?]

forn >0

forn = 0.

KK scalar mass spectra: | (my), ~ (n+ 3vE — 5) nhkee”

n

kirem
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ANALYSIS OF BULK KK SPECTRUM

»{(1) GAUGE FIELD MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

»{(1) GAUGE FIELD MASS SPECTRUM:

OS_A———fd T/ —9(5) JTMN :U ’y)]:MN(w y) FMN = a M-AN (3j y)
(n)

eKK reduction ansatz: A, (z,y) =>.._, A,(f’)( ) X \/A_(y)
where

4 .A)
ekLrelyl v J1(——= == kirclyl)
- k+re forn >0
(n) _ ek£rem (m*‘u Kir
X a(y) =9 i (e ekEreT)
1
— forn = 0.
\ \V/ 27T

4D effective action:
Sa=—[de o0 1" FR @) F (@) + S (mi) 3 AP (@) AL ()]
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ANALYSIS OF BULK KK SPECTRUM

»{(1) GAUGE FIELD MASS SPECTRUM:
%
oS =—1 [dx\/—gi) Fun(z,y)F"Y(@,y), Fun = 0 A (2, )

(n)
eKK reduction ansatz: A, (z,y) =>.._, A,(f’)( ) X \/A_(y)
where

4 .A)
ek£relyl / J1(———= + kir°|y|)
- kere forn >0
(n) _ ek+rem (m*‘u Kor
X a(y) =9 i (e ekEreT)
1
— forn = 0.
\ \V/ 27T

e4D effective action:
Sa=—[d'z 30 1 FR @) FD @) + ) 3 AL (2) AL ()]

oKK mass spectra: (mA)i ~ (nTF L) mhpe kerem

n
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ANALYSIS OF BULK KK SPECTRUM

» MASSIVE FERMION MASS SPECTRUM:
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ANALYSIS OF BULK KK SPECTRUM

» MASSIVE FERMION MASS SPECTRUM:
oSy = [ d*x[Det(V)] {iWLn (e, y)y" VD Lk (2, 1)d%;
— sgn(y)ms¥L r(z,y)¥r.L(z,y) + h.c}

where

oB7 o (574 137 (Vv

]
+ l TSV VT 8SVP Vl?nCD) 'z, gl + ingu)

VAaB

.FA A: (7M775 ‘= 4! GMVOéﬁfy v 7”)/4)

o{T4 T5B) = 277AB, nAB = diag (—1,+1,+1,4+1,+1)
Vi =1, V[f‘ = eAi(y)éf, Det(V) = e~ 44+ W)
®JMN = (Vz‘@ ® Vﬁr) NAB

.\IJL,R<CU7 y) = PL,R\Ij(xay>1 ’PL,R — % (1 + 75>

oPr +PL =1, PrPL=PLPr =0
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ANALYSIS OF BULK KK SPECTRUM

» MASSIVE FERMION MASS SPECTRUM:
KK reduction ansatz: ¥rr (z,y) = 320, ¥1'(z)
where

( L, R (m% R)j: k ly|
(m” )iekirclyl ch(%Jr%)( K e cy)
—— = — forn >0
- rerem\ [mE R re <(mn )iekim>
fLr,lR(Y) = X - %+—£)
(1:|:2¥)kj:r07r
2[e + — m
+—f P
— ey KTl for n = 0.
\ \ <1i2k—i>kirc

®.) [ee) T, (7" . n H
oS5y = fd437 D =0 szo qjé%{(x) [7/ (5 "0 a

S TR ALY (@) v —m
oKK mass spectra: (m; %), ~ (n +1 {;”_i + %} _

5G| WP (2)

)
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BULK GRAVITON & BRANE SM FIELD INTERACTION

K o
* SsMm-G = —% fd5fl? —9(5)Ts§4(f’7)ha5(fﬂ,y)5(y — )

kLT K Q 0 T o0 n
= V=0 [ gy T (2) {h(gﬂ)(aj) + ghErem™ 300 h((w)(:z:)}
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BULK GRAVITON & BRANE SM FIELD INTERACTION

e Ssm-Gg = —% fd5fl? —g<5>T§“§4(x)ha5(:v,y)5(y — )

= VKo p iy mgh () [0 (@) + et S b ()
eThe graviton KK mode couplings decrease due to GB
Interaction leading to the decrease in their detection sign ature
In collider experiments unless one modifies the value of r. t0
resolve the gauge hierarchy problem.
eThe graviton KK mode masses decrease from their counter
part in RS model and the GB coupling make the detectability
of the signature of KK mode graviton through H — 77 more
pronounced.
e The detectability of graviton KK mode can also be achieved
by studying gravidilatonic interaction via the model
parameters A;,#; and 6, obtained from string loop correction.
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COLLIDER CONSTRAINTS ON THE GB COUPLING

e\We consider (A1,0:,02) = 0 inthe proposed model.
eModified Warp factor:

302 o P
A(y) — karc‘y‘ — \/16@5; [1 o (1 + %) ]Tc|y|'

eSSB is occuring in the bulk and after KK reduction the zeroth
mode scalar is compared with SM Higgs in the brane.

1
SssB D /d5$\/—g(5) {5 (9P 04 H (z,y)0sH(z,y)

+miH?(x, y)| + mpOW + y, HUU + b, HW W~}

eZeroth mode scalar mass :

m2 —
ms ~ My ~ (%\/44— - %) mkoeRaTeT
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COLLIDER CONSTRAINTS ON THE GB COUPLING

»HIGGS MASS CONSTRAINT:
MEMS = (125.74+0.3)T03 GeV, M4AT1A% = (125.5 £0.2) 752 GeV

130

1 LHc ATLAS ALLOWED REGION

128 N ereass] LHC CMS ALLOWED REGION

126 Se¥oqe,vee s o, el ]

e oo...o o:..o "":'

T [ )

z = -
124 - -
122 1
120 | | | | | | | | | | | | | | | | | |

2.x10°7 4.x10°7 6.x 10/ 8.x 107/ 1.x10°6

as(Gauss-Bonnet Coupling
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COLLIDER CONSTRAINTS ON THE GB COUPLING

» 1. PARAMETER CONSTRAINT FROM H — (yv,77) CHANNELS:

o= PP~ Ho)  BR(Ho = hly)
2<pp — HSM) BR(HSM — 1112)
(164203  forATLAS |} = Iy =4

0.77 +=0.27 for CMS ll m— 12 =y
0.8+0.7 for ATLAS [, = 1,1, =T
1.10£04 forCMSy =T1,lp =T

\
with

F(X — 1112)
I'(X — all decay channels)

QBR(X — 1112) =
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COLLIDER CONSTRAINTS ON THE GB COUPLING

eTotal decay width:
Liotal = I'(Hp — W+W—) + Tfer

where
.F(H() — W+W_) =

48 F2 FQT (mW,mQ)

N2 (m2, k2, m2)+AZ (m2y, k%,m?)

fdk2 ° s

with T (m3,, m2) =

(kQ—m%V)Q—FF%VmQ

%%
2 5 \ 2 2 1.2
2\ miy k B Amiy k
ms) i (1 - mg - m2) m4 .

4m?2.
ol e A Z;l:l (Ho — fzfz> = N—ZL Z?:l F2i (1 a mg)
eDiphoton decay width:

and \(m#,, k2,

m3
I'(Ho — vy) = -




COLLIDER CONSTRAINTS ON THE GB COUPLING

eDilepton decay width:

_ y \2_2

2
my,Ng

m2
F(HO — gg) = SEeasm_ F54F§g 1+ (1 — 4 mf§4> { sin~t 71n2 >

\ m

eDifferential production cross section of the scalar:

do, _ m°T'[Hy — g9
d_y(pp — Ho+ X) = [ 33 ]gp(xpa mg)gﬁ(xﬁa mﬁ)
we define gluon momentum fraction as:
meeY mee Y
CCp = \/g , xﬁ = \/g

eg,(z,, M?) is the gluon distribution function in proton at the
gluon momentum fraction  z,.
e,/s = BEAM ENERGY
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COLLIDER CONSTRAINTS ON THE GB COUPLING

oVERTEX FACTORS IN 4D EFFECTIVE THEORY:

2N?N
Fo = 000 — T" % sinh (m TeT),
Q YnQ m T (mgrem)

P gfgooo _ ng]% sinh (ko — 2my)mr,
¢ Ve V2rre (ko —2mg)re

Fyy = hoW = h, N, Fy = 92 4000 — _9¢

P2 \ 2mr?

with the following overlapping integrals:
QY0 .= fj: dy 64A(y)x(}2) (v) AI(,O)*(CU) AIEO)(y)v
GO = [Ty e 17 (xS a W (),
WO = [y 9 ()XY )X D (),
A% = [T dy D )XY ()XY ().
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COLLIDER CONSTRAINTS ON THE GB COUPLING
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eCombined constraint from (Mg + fiyy + firr)=
48 x 107" < a(z) < 5.1x 1077




BOTTOM LINES

eNeed to address all phenomenological aspects which can
explore various hidden features of string phenomenology in
presence of GB coupling.

eDetection of graviton KK mode in future collider experiment S
are more pronounced in presence of GB coupling via stringy
gravidilatonic interaction.
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BOTTOM LINES

eNeed to address all phenomenological aspects which can
explore various hidden features of string phenomenology in
presence of GB coupling.

eDetection of graviton KK mode in future collider experiment S
are more pronounced in presence of GB coupling via stringy
gravidilatonic interaction.

eStringent bound on the GB coupling obtained from the
collider constraints in pure EHGB warped geometry model are
In good agreement with solar system constraint.

eNeed to address various cosmological aspects of inflation
and other alternative proposals, CMB physics including
different types and features of primordial non-Gaussianit y.
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BOTTOM LINES

eFor all the cases the estimated GB coupling is below the
upper bound of GB coupling ( a5 < 1/4) as obtained from the
viscosity entropy ratio in presence of GB coupling.

eBy studying the phenomenological/cosmological features | n
presence of GB coupling various features of string theory ca n
be explored from its low energy effective counterpart.
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BOTTOM LINES

eFor all the cases the estimated GB coupling is below the
upper bound of GB coupling ( a5 < 1/4) as obtained from the
viscosity entropy ratio in presence of GB coupling.

eBy studying the phenomenological/cosmological features | n
presence of GB coupling various features of string theory ca n
be explored from its low energy effective counterpart.

eSupergravity, as the low energy limit of heterotic string

theory also yields the GB term as the leading order correctio n
and therefore became an active area of interest as a modified
theory of gravity from which we can also study the various

hidden aspects of beyond SM physics.

eBy studying the phenomenological consequences of radion
with vev in the range 1-1.5 TeV we can also explain the
consistency with the first graviton excitation mass > 3 TeV.
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