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Introduction to RS model

» 5D spacetime with warped metric
[Randall, Sundrum, Phys. Rev. Lett. 83, 3370 (1999)]

ds? = e~ 2kl dotda? — r2d¢?, ¢ € [—, 7). J
The fundamental scale is Mp;, and the effective 4D electroweak scale
is suppressed by a magic exponential

v

Mgw ~ e_kTﬂ'Mpl ~ TeV. J
natural explanation of gauge hierarchy problem.
hierarchical structure of zero mode fermion profiles

m Light fermions live close to UV brane.

m Third generation localized closest to the IR brane.
Kaluza-Klein (KK) excitations live close to the IR brane.
Warped extra dimensions with bulk fields have explanation for
fermion masses and CKM hierarchies.

» Tree level FCNCs (b — ssd).
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b — ssd Channel

» Local AS = 2 SM effective Hamiltonian for b — ssd transition
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[R. Aaij et al. (LHCb), Phys. Lett. B765, 307 (2017)]
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» b — ssd decay with very small strength in the SM serves as a
sensitive probe for new physics.

B(b — ssd)sm = (2.19 £ 0.38) x 10712 ]
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b — ssd decay in the RS, model

» The RS, model is based on a single warped extra dimension with the bulk gauge
group

SU(3)C X SU(?)L X SU(?)R X U(l)x X PrLr J

> b — ssd decay receives tree level contributions from
the Kaluza-Klein (KK) gluons, the heavy KK photons,
new heavy electroweak (EW) gauge bosons Zy and Z’,
and in principle the Z° boson.

» Custodial protection of the Zbrby, coupling through the
discrete Pr,r symmetry renders tree-level Z°
contributions negligible.

» The effective Hamiltonian for the AS = 2 b — ssd 2.2/, 2y, A0

decay with the Wilson coefficients corresponding to
p=0(Mm)
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b — ssd decay in the RS, model

QY EL = (54, PLb) (57" PLd),
QY B = (57, Prb) (57" Prd),
OFR = (svu PLb)(3v* Prd). | [ACYEE(M )| = 2(a(Z2M)A34(2D) + a2 ()a3i (2],
LR _ (= =
o . | 18CT TR, a)IPY =218 (ZARED) + AR @)K EE)
RL :
QFL = (sPrb)(PL), [ACER ) P = 21aP@O)ARZ D) + AP EIARZO),

(ACFE (M ) NP = 2085 (28312 D) + aghZ)ast ),

[ACY EE(M 1)) 9P = 2(A3 (AM)][agd(aD)],
[ACY FR(M_(1))]9° = 2[a5 (AM)[AF (AD)],
[ACTR(M (1))]%° = 2[A3P (AM)][Aag (A,
[ACTH (M 1))]%0 = 2[agy (AM)][agh(a®)),
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b — ssd decay in the RS, model

cy LL(M9<1)) = [0.67 4 0.02 4 0.56]A3? A3 = 1.25A3° A3,
CY R (M) = [0.67 4 0.02 + 0.98] AR AR = 1.67TAR A%,
CHR (M) = [—0.333 +0.02 + 0.56] AP Al = 0.25A° A,
CI* (M) = [—0.333 + 0.02 + 0.56] A Aj¢ = 0.25A7 A,

After RG running of the Wilson coefficients to a low energy scale
1y = 4.6 GeV, the decay width in the RS, model

m;

= 3072(2m)3 (M) )
+ 12(ICF () P + [CFF (1) P) + 3(1C5 ™ (1) 1? + |C3 (1) %)
— 2Re(CF T (1) C3 " () + C3 ™ (1) O ()

+ O (up) O3 (p) + C57 (1) O (1))

T 6(ICY (o) 2 + 107 (1))
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b — ssd decay in the bulk-Higgs RS model

» The bulk-Higgs RS model is based on the 5D gauge group
SU(3). x SU(2)y x U(1)y, where all the fields propagate in the 5D
spacetime.

» b — ssd decay in the bulk-Higgs RS model results from tree-level
exchanges of Kaluza-Klein gluons and photons, the Z° boson and
the Higgs boson as well as their KK excitations and the extended

scalar fields ¢Z(™).
» We consider the summation over the contributions from the entire KK
towers, with the lightest KK states having mass M a) ~ 2.45 Mkk.

5

[HeAffS:2]KK = Z[C’non + én@n],

n=1

O1 = (5yubr)(59"dr),
Oz = (5rbL)(5rRdL),
O3 = (53%b7)(53d1),

O4 = (5pbL)(5LdR),
Os = (53b7) (57 d%).
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b — ssd decay in the bulk-Higgs RS model

A7
C1= M2 (AD)23®(AD)21[—(1——)+an+ wc%u( T§ — Qqs2)?,
1= 22X (A0)as ® (B)ar[22(1 — —) +0Q2 + =2 (—Qus?)?]
= = = (e} — S
1= 3, Bz d212 N, at 2z (“Qasw)l;
AmLas | ~ ~ L - -
Cy = — Ap)2s ® (Ag)21 — ———5(24)23 ® (2p)21,
M2, (Ap) (Aa) ﬂ-BMI%K( ) (©2p)
. drLas . L - -
Cy=— A A — Q Q
4 M2, (Ag)2s ® (Ap)21 B, (2p)23 ® (2g)21,
4L 2c
Cs = (AD)23®(Ad)21[_ - 20Q7 + T (T5 — Qasy)(Qasy,)],
KK
~ 4L 2c
Cs = 2 (Ad)23®(AD)21[——2 aQ3 + 5 (T5 — Qasy)(Qasy,)],
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b — ssd decay in the bulk-Higgs RS model

(Ap)23 ® (Ag)21 — (U§)2'i(Ud)1'3(ADd)ij(WdT)2j(Wd)j1a

- F2(cq,) 3+eq; tea; F(ea;)
(Apd)ij =

3+ 2eq, 202+ cq, +ca;) 3+ 2eq; ’
(©p)23 ® (24)21 — (Ui)zi(Wd)j?,(ﬁDd)ijkz(W;)Qk(Ud)ZL

n(1+p) Fleg)F(ea;) (Yd)'ij(YdT)kl
4L 2+g+CQi+Cdj 1

©Qpa)ijr =

y (4 +28+eq; +ea; +cay +cQ))  Fleq,)F(eq,)

4+ch+cdj+Cdk+CQl 2+ﬁ+cdk+ch’
The decay width in the bulk-Higgs RS model

5
= m[m(lcﬂﬂb)l2 +1C1(1)1?)
+12(1Ca(p)1* + [Ca(p)I? + |Cs (p)* + |Cs (1))
+ 4Re(Ca (1) C5 (1) + C1 (1) Cs (115

+ Calpn)C3 () + C (1) Cs (13))]
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Phenomenological bounds on RS models

» The RS, model

m Constraint from tree-level analysis of the S and T parameters
[Malm, Neubert, Novotny, Schmell, JHEP 01 (2014) 173]

M 1) > 48TV (95% CL).

h—bb F =
[ M,
WL —_—
Z L
2 ]
B bb -
ye=15| p 00 [Myq =10TeV
h— WWL
h— ZZ7
By [
h—sbb |
h—rrr—|
B WL
h— ZZ*
o h—yy |
35 S0 75 W00 @5 130 175 B0 B3 5 U TR I (i
M, [TeV] Y

[Malm, Neubert, Schmell, JHEP 02 (2015) 008]
m Stringent bounds emerge from the signal rates for pp - h — ZZ* WW™, at

95% CL
y custodial RS Yx custodial RS Yx
M (1) Ibrane-Higgs > 227 TV x (), M (1) |r|]|a;ggc;w bulk- > 13.2 TeV x (=)
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Branching ratio of b — ssd in the RS, model

AMK, EK and AMBS
constraints J

KK gluons dominant J

Comparable Zg and
Z' contributions J
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Branching ratio in the bulk-Higgs RS model

broad Higgs profile J
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narrow Higgs profile J
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Summary

» In both models, the main contribution to the b — ssd decay comes
from tree level exchanges of KK gluons, while in the RS, model the
contributions from the new heavy EW gauge bosons Zg and Z’ can
compete with the KK-gluon contributions.

» We employed renormalization group runnings of the Wilson
coefficients with NLO QCD factors in both models.

» The RS, model enhances the branching ratio, compared to the SM
result, by two order of magnitude for some points in the parameter
space with y, = 1.5.

> In the bulk-Higgs RS model with 5 = 10, it is possible to achieve an
order of magnitude enhancement of the branching ratio for some of
the parameter points.

THANK YOU!
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