Scalar Production in Association with a Z Boson at LHC and ILC:
the Mixed Higgs-Radion Case of Warped Models

Andrei Angelescu
LPT Orsay, Univ. Paris-Sud XI/Paris Saclay

Based on arXiv:1702.03984 [hep-ph] (PRD),
in collaboration with G. Moreau and F. Richard

Higgs Hunting 2017

July 26th, 2017

l%) ( UNIVERSITE °

PARIS  yniversité

:g P SLD PARIS-SACLAY

A. Angelescu Z Production July 26th, 2017

0/7



Warped Extra-Dimensional (Randall-Sundrum) Models

Warped Extra-Dimensional (Randall-Sundrum) Models
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Figure: Randall-Sundrum setup with a brane-localized Higgs scalar (i.e. propagating only in 4D).

Setup — 5D anti-de Sitter space: ds? = C_Qkyn‘wdx“dxu +dy?, ye[o,L].
Higgs boson propagates only in 4D, the other SM fields (+graviton) in 5D;

Main motivation: gauge hierarchy problem (also, fermion hierarchy);

Main prediction: Kaluza-Klein (KK) partners. Typical mass: mgyx = O (few TeV).
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What is the Radion?

o Extra dimension is microscopic (L = O(10/Mpy))
= its fluctuations are parametrized by a scalar called the radion (¢o), with mass my;

@ Unmixed radion couplings similar to SM Higgs scalar couplings (A = radion VEV):

2
myg m
— C¢oVV~TV(V:W,Z): (1)

%o
Srad ~ WTLL = Cepoff ™~ A

o Higgs - gravity coupling = kinetic mixing between radion and Higgs:

Smix = f/d4xx/g4D R(gap) HTH. (2)

AT COLLIDERS:

Radion = lightest new particle = first sign of new physics?
Relevant production channels: ggF, Z¢,... at (HL-)LHC; Z¢, VBF at ILC.
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Radion Branching Ratios

Br(¢—>XX); mg=50 GeV, A=4 TeV, mxx=4 TeV Br(¢—XX); my=750 GeV, A=4 TeV, myx =4 TeV
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Radion + Z at the LHC

Theoretical calculation of the $ZZ coupling, including Z — Zxx — Z' mixing (custodial RS)
= cross section for ‘ pp—Z,Zkx, 2 — Z¢ ‘

Trot(PP-Zi~ L) []; Vs =13 TeV, A=4 TeV, myc=3 TeV
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Figure: Z¢ production cross section at the LHC + estimated sensitivity for 300 fb 1.
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ff > Z¢ [Hid

Radion + Z and Higgs Couplings at the ILC

Estimated ILC sensitivity for 2 ab—! at 250 GeV via (left) and for a precise

measurement of the hZZ coupling (1% at 20) at the ILC (right):
o(e*e">Z > 1) [1b]; Vs =250 GeV, A=5 TeV; myc oo HEA=S TeV,my]; my—oo
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Summary of ILC Sensitivity to the Radion

TLC sensitivity; A=5 TeV, mgg—co
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Figure: Estimated sensitivity (at 20 of direct (radion search) and indirect (hZZ coupling measurement) radion
searches at the ILC for 2 ab™! at 250 GeV, 4 ab~! at 500 GeV, and 8 ab~ " at 1 TeV.
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Conclusions

Conclusions

o ggF dominant ¢ production mode at the LHC, but Z¢ can be complementary (for light
radion/suppressed gg¢ coupling).

@ Much better sensitivity at the ILC (via the Z recoil mass technique).

@ The radion can also be indirectly probed at the ILC through hZZ precision measurements
= complementarity with direct searches.

Interesting scenario: a light radion could be invisible at LHC but discovered at the ILC!
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Conclusions

Thank you for your attention!
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Higgs-Radion Mixing

o Higgs-Gravity coupling — Higgs-radion kinetic mixing:

_ 1+6¢62 -3¢0\ (Ogo 1 v
~ (%0 ho) ( —3¢r 1 ) (Dho) 2%~ ’"”oho’ v
~—

det=22
o “Rotating” to mass basis:
) _(a —b\ (¢
ho) \c¢ d h)’
34 (134
a:C—Zg, b:s?g, c:59+§ce, d:c(;—és‘g.

@ Dominant couplings to h and ¢:
gp = c—VLa, gp=d+Lb;
g +8;>1

A. Angelescu ¢ Z Production July 26th, 2017

®3)

(4)
(5)

(6)
™

7/7



Couplings to Massive Gauge Bosons
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BR(h — ¢¢)
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Figure: Branching ratio of h to ¢¢.
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Other Values for A

Tror(PP-Zi~Z) [1]; Vs =13 TeV, A=3 TeV, myc=3 TeV ILC sensitivity; A=4 TeV, myg—co
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Figure: Estimated sensitivity for radion searches (left) at LHC for A = 3 TeV and (right) at ILC for A = 4 TeV.
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Effect of KK Z Bosons on o(pp — Z¢)
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Frank et al., arXiv:1606.07689 [hep-ph]
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Figure: Current LHC exclusion limits for ¢ (from 1606.07689 [hep-ph]; gg — ¢ production mechanism).
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