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@@T@ //\@@\ Why a SUSY Twin Higgs?

SUSY needs some help with 3 issues:
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extra non-decoupled quartic is
needed to get my; = 125 GeV

ex. NMSSM mj, = mZcyg + A v’s3,

M . controls the scale of colored states

~ 100



Twin Higgs needs a UV completion:

what happens if
ATWin = M,
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A controls the accidental symmetry

making the Higgs a PGB

It is typically heavier than in the MSSM

The Twin sector dynamics at /) f
is Neutral under the SM
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Chacko, Goh and Harnik



Twin SUSY

“"Twin Higgs ”

Higgs is PGB of accidental global

symmetry from explicit Z2 symmetry

ameliorates top partners provides
fine-tuning calculable UVC
Supersymmetry
calculability,

gauge coupling unification

0604076 Chang, Hall & Weiner

Only fCW eXiSting models (tuning 1-2 %) 0604066 Falkowski, Pokorski & Schmaltz
1312.1341 Craig & Howe

Explore general structure and identity new promising directions
(tuning 10 - 20 % ?)



Plan of the TALK
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1) A fresh look to the Twin Higgs

2) SUSY implementations

3) sketching the phenomenology
of the extended Higgs sector

higgs couplings
VS

direct searches
of extra Higgses/




A fresh look to the
Twin Higgs



‘Twin Higgs: Setup

Double SM gauge fields, Higgs and tops

Gsm — Gév « GB,
H,Q3, U3 — Hp,Q34,Us34 + Hp,Q3p,Usp

~—— ~——
visible sector “dark” sector: neutral under SM!
Natural Z, exchange symmetry: Hy <— Hp
( )
the role of | ® 7., involves the full SM 0509242 Barbieri, Hall & Gregoire
Zz ® Minimal (“fraternal”) Twin Higgs; double only fields most relevant for
\_ ) naturalness + add what is needed for anomaly cancellation

1501.05310 Craig, Katz, Strassler & Sundrum

Affect a lot of phenomenology but
we leave it unspecified in our discussion...



Linear sigma model

Vi(Ha, Hp) = Vif* + Vi o2 4 v ?s

— —— ——
depends 1y H 5 respects respects only
onlyon '~ \Hp/) Ha <+ Hp  gauge symmetry

U, part dominant,

U4: H 2 H 2 r2 2
negative mass term Vi' =A(HAl” + [Hpl" = [7)

Dark Higgs gets large U, Hp |2 _ f2 — |H 4 ‘2

breaking vev

7 GB - 6 eaten visible/dark gauge bosons = SM Higgs ~ H 4



Twin Higgs: radiative corrections

Radiative corrections mainly from top sector
Vwuk = y1aQaUaHA + yipQBUpHpB
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Twin Higgs: radiative corrections

Radiative corrections mainly from top sector

Vvuk = ¥y4AQAUAH A +y:pQBUpHp
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Twin Higgs: radiative corrections

Radiative corrections mainly from top sector

Vvuk = ¥y4AQAUAH A +y:pQBUpHp

3 2 2 A2 2 2 A2 4 4 AIZ 4 4 At2
AViop = — 1672 [ytA‘HA‘ A +yig|HB|" A — ypa|Hal" log m%A —y,5|HB|" log m?B
Impose Z, invariance H—J W—/
YtA = YtB = Y y152 UHA’z + ’HB‘Q} Atz yél [|HA‘4 + ’HB|4} logAtQ
U, invariant! 6f ~ Ay/4r SM quartic+mass term
5mh ~ f/47T

UV cutoff enlarged by loop factor Jmy, ~ f/4m ~ A/ (4m)?

0506256
The B-states are neutral under SM  (,.cco. con and Harnik




Iwin Higgs: EWSB

Vir(Ha, Hp) = Vit + Vv 72 4 VW *

hard Z2 breaking

—
N([Hal* + | Hpl* = f°) AT+ -
— |Hp|* = f* — |Hal? loops tree

soft Z2 breakmg

Match to SM Higgs potential
Vers ~ =1 (k +g) H* + % (4k | .;.> H*

need explicit Z2 breaking
A2

P

this is what was mostly studied so far qu artic > mass A 0 < 2T f




Iwin Higgs: EWSB

‘/effN—fQ((4:)2 | a) H? + <(4:)2 | O+,0> H*

soft Z2 breaking hard Z2 breaking
EW scal v _ 10 | 1 (k-
scalc 22 (1-5%) i
2 A 2
. 1 f hard ~ P
Tumng Aff}f ? A v/ f (47’(’”0)
. 2 N A7

Hard breaking model is sensibly less fine tuned if A, < 2mf —— whois A 0 7

The Higgs mass increases by the same amount ——

small K ?



Bare) v [softy in summary
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A p "~ A; overshoots the Higgs Ap # Ay
WAYS OUT: the cut-oft of the Higgs loop can

correspond to uncoloured states?

small £ challenged by Higgs coupling
& low At & direct searches see later...

negative quartic

ko <0 to reduce the Higgs mass?



Twin SUSY



matching the SUSY potential to the Twin Higgs linear sigma model

hf = Has4 he = HLCA

Get large U, preserving quartic
from non-decoupling F-term of singlet W =AgSHHa

l mg > MS
VU = m2|Ho? + m3[Hal*b (HuHa + c.c) + R§[HuHal’

% matching
K )\2 )\2
Uy 2 2 N Ty S2As2n ~ e
4 __
V' =AM Hal® + [Hp|" — [7) ,

t
In the full 4 Higgs doublet model &
there are two more EWSB conditions fixing 5t5 — tA _ tB



we can reliably compute the fine-tuning
with respect to the UV cut-oft

We want to stay agnostic with respect to the origin of ) -breaking A — 100 M S

'Two sources of tuning

f/A[g U/f
e~ e~
U4, similar NMSSM tuning v — f U4 breaking, model-dependent
oms;.

A ~
/ 2)\2f20%

origin of explicit Z.2 breaking:

» soft via gauge mediation .
SeH8 W =ASH?H} mg> Mg

» hard via non—decoupled F-term _



we can reliably compute the Higgs mass at 1-loop
myp = 125+ 5 GeV

(large theory uncertainty to be fixed including gluino contributions @ 2-loops)
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D-terms stop-top loops F-terms
f/v=3

strong upper bound on

tﬁ and (Stﬁ

the bounds get even
stronger if we have hard-breaking...

m; ~ 8v° (/-z +g)
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1312.1341 Craig & Howe because of the Higgs mass constraint

negative quartic in SUSY?
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AB 17A 17B
mq)d =>> MAB

| L L L
1TeV

S5 TeV, mg

Areuiunaud

1.5TeV, u

09, My

A=

/1%/{—)\6185




Extra Higgses



We have a full 4 Higgs doublet model

The structure of the spectrum } AY HY) HY ~my
+
mya f }A? HY) Hj; N\/mi—AfQ
hs ~ VS
2 mass parameters + angles h
lggs Foup lng COﬂStr.alntS. sof - 1312.1341 Craig & Howe
work like in the usual Twin Higgs >~
= 600----‘-r.\g\‘\-\.-.;\.__-__,_‘_..,..,..,.E, SRS bound dominated by ZZ &
500 --eeen \~.~ e ;: ;:
f > 2 . 2 (% 400 \““":—T—":"J~_°l_ coup hng measurement
hg ~ VAf  1505.05488 Buttazzo, Sala & Tesi
CAN WE OBSERVE
THE EXTRA HIGGSES?

AV HY HE~ \/m?4 — A\f? 1504.04630

Craig, D’Eramo, Draper, Thomas, Zhang



Colored states are decoupled
extra Higgses become smoking guns of these construction

Searches for singlet Higgses
&
charged/CP-odd Higgses

CP-odd
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what we learned...

Twin Higgs models can stabilize weak scale up to few TeV

SUSY provides UV completion with calculable observables:
“Twin SUSY”

Systematic understanding by matching to the Twin Higgs

Hard Z2 breaking models allow for natural v/t hierarchies & they
have SUSY realizations

what is left...

Can one relate Z2-breaking with SUSY-breaking?

Hunting for the least fine-tuned perturbative model?

New fraternal phenomenology? Cosmology?



