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The naturalness problem

. mi are quadratically sensitive to UV

e New physics (NP) near the electroweak (EW)
scale

 Adding new symmetries: Colored naturalness,

partner

top
top @
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Direct searches

{s=13TeV, 36.1-139 fb "

July 2019

ATLAS Preliminary

ff production
Limits at 95% CL

300

200

100

III|IIII|IIII|IIIIIIIIII

ATL-PHYS-PUB-2019-022

Yi-Ming Zhong

ymzhong@bu.edu

200 300 400 500 600 700 800 9001000
m(t) [GeV]

= Observed limits
= = Expected limits

139.0 o™
[ATLAS-CONF-2019-17]

36.1 10"

— oLt tiz:’ /t,— Wbi:’
[1709.04183]

L i - ti? /i - sz:) /i - bff')Z?
[1711.11520]

B 2Lt - 17, /t,—> WX, /t,— bff g
[1708.03247]

— monojet,?1—> bff'i?
[1711.03301]

e R
[1903.07570]

- cOL, E - c%?
[1805.01649]

B monojet, t, - c%?
[1711.03301]

— — Run1,(s=8TeV,20fb"
[1506.08616]



Indirect effects

top partner

g::]>§h

Change the Higgs
production rate

i
i

Open exotic decays
(lf my < mh/Z)
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Change the Higgs
production rate

All captured by

Higgs precision
measurements

150+ channels have been measured
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However,

t
R
% C?SQ E
sin [
Change the

tree-level couplings

~0

X
h< O
X

Have extra

exotic/invisible decays
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NP may also...

Have extra new particles

running in the loop

hide the light
top partners...



How robust is the Higgs
precision?

What is the best way to hide
the light top partner?
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Our strategy

Models w/ top partner

only

| t

Minimal extension (Restricted version)

Concrete models

One extra effect
every time

(w/ multiple extra effects)
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A first look at signal
strength



Signal strength
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Signal strength
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Signal strength

ry, = cb/ch
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Signal strength
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Constrain the light top partner

mi

SM
Ca
2
ra|“éa +8v +¢
Hf = ‘ ‘2 SM : signal strengths
Lt (Irel? = DB, + -
__,,0bs\2
=) g Ugf ) fit multiple channels
f,inv
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Add invisible decay
mi Linv
rg =1+ N;

ral2e + Ev + &

= signal strengths
= T B

obs
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fit multiple channels

Q
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Change Higgs-top coupling
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Model survey
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* hgg modification:
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Bounded by Higgs precision
measurement

Dermisek & Low '08, Blum, D’Agnolo & Fan ’13,
Fan & Recce, 14, Fan, Recce & Wang '14
Carmi et al ‘15
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Spin-0: MSSM

e Higgs sector of MSSM: two-Higgs-doublet-model
(2HDM), lighter Higgs = 125 GeV Higgs

e Coupling modifier

type-ll 2HDM
COS SIn o ,
re =74 = ———>, Th="T"r= , Ty =sin(8 — a)
sin [ cos 3
(¢ : rotation angle in Higgs matrix tan 5 — Uu/vd
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Spin-0: MSSM

e Higgs sector of MSSM: two-Higgs-doublet-model

(2HDM), lighter Higgs = 125 GeV Higgs
e Coupling modifier
* tanf <1l :ry,ry — 1,1 IS free

e tanpg > 1:ry,ry — 1,1, IS free

Running of the top Yukawa imposes
perturbativity bounds on tan 3
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type-Il 2HDM

tan 0 = vy, /vqg
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Spin-1/2

e Higgs is a PNGB of a larger symmetry that is
collectively broken (from a EFT with expansion

scale f )

SU(3) Simplest Little Higgs
SU(5) Littlest Little Higgs

* hgg modification:
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Spin-1/2 extensions

 Extend the Higgs sector to be 2HDM SU(4) Simplest Little Higgs
* Allow changeson 7t, 7Ty, TV ...

e Best: type-ll 2HDM
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Spin-1

® Comphcated Cai, Cheng & Terning, ‘08
(need SUSY + an enlarged symmetry, right-handed
top ~ Higgsino, top Yukawa ~ gauge coupling...)

* hgg modification

21 m?

N5 ~ t
@ 4 m2,
mQ

Loop function penalty
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Results
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Data sets
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searches

Combined
coupling fits
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Models w/ top partner only
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Minimal ext. of spin-0
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Minimal ext. of spin-1/2

|
/}W T & ry )
/ Spin—1/2
@V/a T & rp @ Current limit
1 Current expected
I & Texo sensitivity
@ LHCRun 3
I'& riny @ LHC Run 4
CEPC
T & or, o ILC
7 FCC—ee
I"only FCC—hh
| | | | |

200 400 600 800 1000 1200 1400

mr [GeV]
w/ 20 CL

Yi-Ming Zhong ymzhong@bu.edu 30



w/ 20 CL
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Spin-1/2 w/ 2HDM

Yi-Ming Zhong
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from Higgs decay |~

w/ 20 CL
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Complementary probes

Measure o(ete™ — Zh)

Craig, Farina, McCullough & Perelstein ‘14
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Summary

 Higgs precision measurements, on their own, are quite
robust.

e Change r: can also hide light colored top partners
effectively.

e “Blind spots” exist when there are multiple top
partners.
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Backup
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