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+ ntduction, motvation the Twin iggs

L o Tumng m the Twm 1ggs scenanos

B *"'.'-hy STSY has anythm g to do W1th the Twm H1 g gs7

' SUSY Twm H1ggs natural and non—mlmmal
. _Tn_ezsliephenoover Vi_eW " : | - ;  ?*




- Ifwewouldliketo

(Almost) zmcomtmmed solve the naturalness
- P’””"" = problem all the way to |

€ the Planck scale, there

are essentially two

- options: SUSY and

& compositeness. But we
 also know that the NP

is almost

W/bat zs tbe ndture of

New wazcs m tbzs regzme? e

e There is no guarantee that the World 1s frond e e hove

absolutely natural. Ifitis— why no B st

- signatures ¢ at the EW scale’? What is the
- nature of physms at O 1 10 ;_e_V sca1e7
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Cancellation of top

= £ divergencies:
ytf
i
h y@% A h
Yk s
f

EW gauge boson contribution cancels out similarly.
Leading order: only mirror symmetry is needed to maintain the
cancellation. Miracle: 1-loop level respects the approximate global



e

= M1rror symmetrlc not not

— " sU@symmenic

M1rror symmetry Cannot be exact' s

exactly aS SUSY Cann()t be exact

Breakmg




Figure of merit of most of the Twin Higgs models: v/f
too small — excluded by the higgs precision data
too big — FT

. tuning fWOquarticsone against
_another leads to an inevitable FT ~

| - (v/f)?

~Interestingly, « is not a free parameter: m: ~ 8K

oftly broken mirror symmetry " x is determined by the
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e ~—0.15° N - my=130 GeV |
— m,=125GeV]
-~ my=120 GeV

ft breakmg

Higgs mass measurement e ==
conﬁned to a narrow strip B 0.00-

0.15

Intermedlate - "—0.05

conclus10n K 1s always -

| small - 0 10 005 000 0.05 0. 10 o 15 020
Rad1at1ve Correctlons7 .. e / r
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! The improvement of FT in softly broken TH is not great: cannot exceed &
| /A independent on the FT structure. ”

Hard break1ng a pr1or1 no need
to fine one parameter aga1nst
o - another to get v / f small

But expect Q to be quadrat1ca11y +<7 f 2\A|2 - ,0|14|4 . '
sen81t1vetoc7 - - 1

W1thout a proper UV
completlon we even do not

knew the 81gn'




Full FT m the hard model

ar f2 S 27] = :

there 1s no real gam in FT
If A < 47'cf the functlon F

reduces to (f/ V)2 and the IR

FT 1s effect1vel'.;~.5.erased ' | "/0.1

s ey B 253035 40 45 S0 55 60 b
. Realgamm IR e




Des1red K ~10'2
2
hm 4/1 f

=

= T
- \ .

T

soft / m

'_mh??d fmy|

‘J

Rachatwe correctmns

Radlatwe correctlons to the
hlggs mass w1th A=1 TeV

Clearly we pay some (relatively

- minor) price for ad]ustmg the
— higgs mass. We are shghtly
- ‘i;-overshootmg for the h1gg mass




A 77

respect to the soft model

‘Reqmred AQ to get the

r1ght hlggs mass

Knowing the sign of the
quadratic correction to the soft
breaking term is crucial.
Negative threshold demands
extremely low stops threshold,
or simply overshoots for the
higgs mass

25 30°35“46:45 50 55 60




b The scale of the global Symmetry breakmg 1s unstable
"-_fCandldates to stab111ze 1t SUSY or comp051teness (turtles'?) -

’»Problems W1th the strongly Coupled UV Completrons 1) not
V—_easy to generate moderate mass sphttlngs 2) EWPM

We Would prefer to have moderate separatlons between -
j;;_the top partners and the scalar partners Easy in SUSY not
E __that easy in composrte models - - -

“.{SUSY naturally explams dlfferent masses in UV
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Supersymmetric “shado

The SU(4) conserving Higgs quart

To get the standard TH

Particles
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“ Immed1ate worry to maximize the FT gam -
| we need A as b1g as poss1ble but

| '.',‘leal‘ly the model erl not perform great

Parlty symmetrlc SU(4) breakmg quart1c K, practlcally
- 1t is the higgs quart1c

D eithe ' =
- rad1at1ve - =
(’hB|2 ’hd |2) ] = colr)rectmns

:ff ’ ’i "fr ge‘y 2 +




& Finally we get the soft |
f mirror symmetry breaking|
terms from different soft =
masses in the visible and | -
the twin sector.

e
the FT is moderate at

" best. We get shghtly -
betterthan 1% atbest

25 30 35 40 45 50 55 60
No tan ﬁ can be feund to sat1sfy -

the h1ggs constramts here . -
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Potential way out: negative k at the mediation scale, compensating
for a positive D-terms contribution

negatwe contrzbutzon exacerbates the -
hzggs overshootmg problem-‘ -

Tr1ck 1ntroduce b1-doublets:

W ABBhAhB . MBDBB

e o S—' f"‘?SY masses glve -
ne gatlve K contnbutmn .




Here we calculate the FT
numerically a la Barbieri
Giudice and vary with
respect to all free

parameters of the model

‘A_.:'SUSY TH mlght not bef -
B as fine-tunes as
I orlgmallj_; suggested
| Prlce sOme model
bulldmg 1s needed

l Soft Twm SUSY“”
- l Hard—T w1n SUSY




X2 \0 The stops in th1s scenario m1ght or m1ght
not be reachable at the (HL) LHC
Interest1ng s1gna1s hlggs sector

. % Who 1s the hghtest CP even state (radlal or ZHDM)’?
f Slgnals 1n ZZ channel HL LHC reach
B .f Charged hlggses s1gna1s

| b - sy constralnts are relevant for hlgh f and relatlvely 11ght ?

extra h1 ggses - . -




- h1erarchy problem

'Hard m1rror symrrtetry deserves the Second lool< 1t Can
_.-f{{j_¢Vf_s1gn1f1cantly 1mprove the TI—I models | |

?',.—SUSY is - natural cand1date to UV Complete the TH W1th hard
|| mirror symmetry breaking (of Course Nno no- goes Concernmg
B j‘;__fzalternatwe UV Complet1ons) | -

,l. A b1 doublet model can clearly do the ]ob

. _These models have non tr1v1al colllder s1gnatures to be explored at "




