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Probing the EWPT with a Next Generation PP Collider
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Sakharov Condltlons

- EW Theory
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£ f—*;"_Does not happen n the SM -
- - with my> 80 GeV. The
 transition from the EW
~ unbroken to the broken »
phase is cross-over. Need

- strong Ist order PT

~ new particles which couple; =
o the Higgs strongly toget &
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=lightstops
= 2HDM - extra Higgses
= singlets in nMSSM

Top partners?




- - patentzally new cubzc
potentzally new _: term inh
quadmtzc term zn h = =

- Cub1c is often enough to tr1gger 1st order PT but needed




- New 11ght partlcle whrch couples strongly to the H1ggs = -
nggs couplmgs (BR productlon X sectron) mrght change =

4 [If the new partlcles are EM charged they mod1fy the |

g__”—"_-‘effect1ve couplmg of the h1ggs to d1 photons

| -couplmg to the gluons - dommant productlon mode
.A"’:A".A.'Even if they are completely sterile, they can modify the . 3
B "h1ggs Wavefunctlon at the 1-loop level and trigger O(l%)'ff -
: ';correctrons in the hrggs to d1 Z couplmg — reasonable -
target for future colhders - |







- decaY’

T_W 3-b®¢1y mtO b W and neutralmc) .
% 4-body: b quarks (lepton + neutrmo) and _
neutrahno - - - -

B w charm +_ neutralmo .
- ‘W dl-] ets (,A-.‘\_EPV scenarlo)
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" \s=8TeV

LEP, 6=0°
-.- LEP, 6=56°
L DO: 11
-= CDF: 2.6fb

tt, production, BR{t, — ¢ 2‘1)) =1
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ThlS k1nd of stop poses a 'severe danger 8
| to baryon asymmetry: BNV mlght

51mp1y wash the asymmetry out |
(Dzmopoulos Hall 1984 Barry, Graham Ra]endmn 2014).‘;‘* !

- Cosmolog1cal safety - small cc)uplmgs — dlsplaced Vertlces ]
, Tweedie, 2015 rzs wow o | | e =

| Prompt stops: excluded by Atlas up
to 350 GeV if decay into one b-jet
= (boosted analysis). CMS excludes §
stops between 200 GeV and 350 GeV. |
- There are still cracks...




In order to trigger 1st order EWPT the lightest stop mass was supposed
to be lighter than 120 GeV ( ). If we add an input
mpn = 125 GeV, we should demn stop elow 110 GeV.

mh = m2Zcos 25 + f—tcos2@,mflog ———= | + (X))
el e

st order EWT '—*. the heavy stop is above
or the stopsi are heavily mixed




Needed for MSSM stop-catalyzed 1st order EWPT: one very light
stop (~100 GeV), one gELy heavy stop (~1OO TeV)
EWBG  excluded at 972 % [98.5 %] CL rF

Questmns to address

W The hzggs measurements have zmproved
~ alot since 2012. Do we still have less
robust excluszons in the decouplmg
~ limit? - 3
What happens if we relax the condztzon ,
- on the heavy stop mass ( beyond
. MSSME. £
| * How far away can we go beyond the purét
500 1000 1500 2000__._.,;_- - RH StOP lzmzt? -




mot1vat10n to abandon these Constramts

New terms in the eﬁectzve 2- hzggs potentzal are easy to get from new F- or
’_'-D terms at the TeV scale. Assume new partzcles at1.. 3 TeV scale — no. *'
dzrect zmpact on EWPT ' = |
e __~,_These new terms can be pammetrzze as small hard Sus Y breakzng terms at
-~ 0o GeV scale — strong impact on the SM- hzggs mass
’*Departure from MSSM 1S strongly motwated by naturalness
‘f.';‘"conszdemtzons
| Compatlble
~ with new F-
and D-terms at” :
the TeV scale |

‘.V(Hu,Hd) 2H +M§ |Hd| +(bH Hd+hc)+)kl *+ A,HH, (H,-H, +h.c)

- 0




v = 2,

- -;"_—""1‘;+As IHI IHdI + A (H Hd+h<:) MslH Hdl

Contours of higgs mass, m,=400 GeV

| Relatzvely small i w ]
addztzonal coeﬁczentfﬁ{-' |
| _J_??'_f " needed -

» Needed almost NP
new term unless tan
beta is too small for

lst order EWPT -

- Further cons1der the flrst coef’.j‘f'}Clent as the most prom1smg scenano.j_f,;;; -




In the decoupl

my = 100“G-eV,tan-,B =10

R_egionWi’ththe 1st order PT -
also scales linearly with the
mixing!

—— Increase of mzxzngéuppresSes the eﬁectwe

800 1000 1200 1400 1600

ffﬂ®“;,_ﬁ-.._f!iié;>.f ~ coupling




tan,B 10 m- _100 GeV e o e A e o e e e s e S e e T e s S R o e b e

2HDM non-decoupling limit

suggest deviations in the down
type sector. Other couplings are

: suppressed by 4 e, Of Ma

800

 Higgs couplings and EWPM fit, tan § = 10, m; =100 GeV,m_ Z800Gev

Additional invisible width (e.g. into light &
neutralinos) alleviates the problem with gg
but only makes it worse with di-photons. \‘
The overall fit does not get better




'The ided of thelst,order‘PT :here is oerysimildr roothestdnddrd,s LSy, except that:

Folded stops ( cmd folded qudrks in gerzerdl) are not colored under our SLI( 3 ) they -
- colored under a dszerent hidden color

~* Folded stops are chdrged urlder EW force dnd therefore corztrzbute to hx}( but do
- __rzot contribute to hgg.

»'Colored urzder dzﬁferent group —‘> uncolored productzort quirk constraints dpply

Disclaimer:
&  “Folded SUSY” in not SUSY. It is a theory where the cancellation
- § between the tops and top-partner loops proceed as in SUSY, but the
B symmetry is guaranteed by the fact, that the daughter theory on the
orblfold mhents the symmetrles of the mother theory.




tan ,8 = 10, mt~1:100 GeV 3 ; tan 8 = 10, m; =100 GeV
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& Removing the constraints from the hgg clearly helps, but not enough! &

& For the LH folded stop the EWPM constraints are more important than &

& higgs precisions. Can maybe reconciled in non-decoupling regime or
with higgs invisible decays?




i ,Zed bary . gene31s 15 dead (W/O . =
llght partlcles) -

| » »"‘:erj{ hard to accommodate 1st order PT on  . 1
: - Uf‘lded SUSY" but maybe non—mm1ma1 -
scenarlos can Work ' - e

w Scenanos W1th add1t1ona1 11ght part1cles (nMSSM | f




