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7+8 TeV data
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ttH, H->W*W-,
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Excess at Both Runs
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SM+ a enhanced top Yukawa coupling?

Same Coupling Very SM-like

would expect gluon fuston to be high as well
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If combine all channels in tth searches,
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The excess becomes less significant, or the signal strength is more SM-like
Ls the excess really about tth?



What are we seeing exactly?
tth, h->w wr

It is really a search for , or
equivalently final states

2b + 4W gives rise to the
signatures

tth, h->wW+w- Ls really wot
about tth, but about new phgsics!



/’

exactly what you would do can not have 100% Branching
when you search for sbottoms ratio, some BR goes to

CMS-SUS-13-008



Stops are pair produced, 2t + 2W —> t1 =1R ;

t
A pure right-handed stop does .
not couple to WLNOS, 100% BR
~0 ~
, =B ;
The neutralino mass w X2
difference is smaller thaw the > ) )
Higgs mass, 100% BR =W X =W

PH, A. Ismail, I. Low, C. Wagner, 1507.01601



CMS Preliminary, 19.5 fo™!, /s = 8 TeV
— 400 —200

= pp—b,6*, 5, tW’ NLO+NLL exclusion o)
QS 350 —Observed+1c$theory 180 _5
% =22 Expectedt 10,0 iney  Mye/m.=0.8| <160 B
1 E_' 500 - —140 ?)
Bounds disappear ' * 2
’ ’ 20— * | 7120 ©
once the LSP Ls heavier than 240 Gev ool [l \\ 1 Loy &
7& --------- R £
150‘ _______ . \ 1 —80 T
= o N o
I By 1 oo &
i, =1ip: 550 Gev, a stgnal 1001 | i A dso
— 9 - : o ] O
stremgth for ss2l~ 2.83  sof e o ¥
oy : TRy . ol o

300 350 400 450 500 550 600 650 °

msbottom (GeV)

0 _p No decay through a higgs
— . P . L +2.1
X2 ’ < 260 + 125, call it 240 qev ATLAS : p=2.8"7
CMS : p=5.3"%1
G=wE =W 260 gev
PH, A. Ismail, I. Low, C. Wagner, 1507.01601



Stops are heavier, cross section tncreases faster from the paf

o(8 TeV) o(13 TeV) Ratio(13 TeV /8 TeV)

o(pp — ) 129 b 509 1b 3.9
o(pp — t1t7) 45 1b 296 fb 6.6

Expect a signal strength ~ 3.69 at 13 Tev

PH, A. Ismail, I. Low, C. Wagner, 1507.01601



£ cut at 125 GeV
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In the stop events, b-jets are wmore centrally
produced, while the b-jets from ttH tenal to be
more forward, from the t-channel kinematics

PH, A. Ismail, I. Low, C. Wagner, 1507.01601



charged wino:

* For a 260 GeV pure wino, the mass
splitting between the neutral wino and
the charge wino ~ 160 Mev (about the

tr >t+B—t+ (WE+WT)

* Ws from the bino decay are charge

CMS limit) ,
sgmm&tnc
* A small amount of higgsino mixing,
would significantly increase the mass ° Expect same sigw triteptows

splitting

° 1 -1
A1 TeV higgsino, the mass splitting is ~ VY"th 4,0 fb , EXpect about & same
240 MeV stgw trilepton events



* The multi-lepton + bjets + missing energy search should place a
further limit on this scenario

* The sbottom->t chargino search with a wino-like LSP is not updated
* SUSY-AI claims the Benchmark point is consistent with 13 TeV 3.2 fb!

* 610 GeV stops(winos ~ 320 GeV) will lead to a signal strength about 2
at 13 TeV

* 640 GeV stops will lead to a signal strength about 1.5 at 13 TeV

Enough room for this scenario
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Interpretations

tth coupling is SM like. The excess

is from stop pair production
The signal strength will be

higher at 1= Tev
wWill see it Ln same sigin
trilepton, or disappearing tracks

PH, A. Ismail, I. Low, C. Wagner, 1507.01601

Other possibltities?

> ATLAS and CMS, 1606.02266
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Enhance tth Enhance gluon fusion Compensate

\4/

Gluon fusion SM-like (degeneracy in gluon fusion)
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New particle(s) in the loop

Has an bmpact on the double Higgs production

h ’ h

h
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* Baryon number violation

e CP violation

* Or else, for each process creating matter at the cost of anti-matter,
the CP-mirrored, inverse process would take place with equal
probability

* Departure from thermal equilibrium — A first order phase transition

* Or else, for each process creating matter at the cost of anti-matter,
the inverse process would take place with equal probability



 EWPT is difficult to study from cosmology

* EWPT in the SM is not first order (unless the m, <40 GeV)
* New physics is required for a strongly first-order phase transition
* The new physics will alter the finite-temperature Higgs potential

* We can measure the zero temperature Higgs potential at the LHC!



A

Potential Standard Model V(¢) = p?¢? + \¢? ; g_v
Energy ; P lp=o
Il Higgs vev measured from G;
/
/
]
/
;
/
/
. /
-~~~ ,
s\\ //
~
\\\\\ ///
\\ V4
\~~ ”/
— >

v= 246 GeV Higgs Field



Potential
Energy
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Standard Model V(¢) = 12¢? + \¢*

v= 246 GeV

Higgs Field
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Next Measurement:
Higgs Trilinear Coupling



A lot of models can be consistent with a first order EWPT

SM + singlet Calculate V(@) )
SM + scaler doublet (like MSSM stops) : N
SM + chiral fermion (like MSSM gauginos) o N
SM + varying Yukawas (like flavons) RN .

The trilinear coupling could deviate significantly from its SM value in the
region conststent with a first order BWPT

O(1) deviation is typical can go up to 74;,°M

PH, A. Joglekar, B. Li, and C. Wagner, arxiv:1512:00068; PH, A. Long, and L.T. Wang, arxiv:1608.06619
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* modification in gluon fusion

compensated by the mixing between the two stops

o T W o, -
Cq Cy m; 1 1 X;
s et el a7 ) T o s
SM  SM 4 m?2 m?2 m2 m?
g gl ‘/ i t1 t2 t1 t2

enhawnced from an enhanced tth coupling

* Vacuum stability

1 —
A2 < (3.4+0.5|1+T|> m3 + 60 m>
T

ma = (mé3 + m%]g), ms = (m%{u + u?), and r = f/?l%]g/mé3

Blinov, and Morrissey, 2014



weak constraints whew stops are heavier than 500 Gev
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Implications on Double Higgs — Decay channels

° Deoag o-f OWE @ bb : Largﬂ bVaV\thLV\zg Yatio, Large
background

Z.Z-=4L, yy: cleawn, low branching ratio
Decays of a 125 GeV Standard-Model Higgs boson WW, TT: l’la Vd, VVLLSSLV\/@ CWCV@H, VM:CQSM.VCDI

charm/anti-charm, zz VY  Z¥V others

0 % 2-29?'[3;?,"{%_0.6% for a SLI/\«@ Le H’LQ gs
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@
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constructive destructive interference :
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work in progress with Joglekar, Li, and Wagner
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Amplitude

oAM= 2,45 Ay

,,,,,,,,,,,,,

500

_2\ A
250

300

350
Mhh (GCV)

400 450

The destructive interference occurs between the
real part of the triangle and the box diagrams

* Above the tt threshold, the amplitudes develop

imaginary parts, the cancellation does not occur

When A; increases, the amplitudes increases
more below the tt threshold than above the

threshold

m,, shifts to smaller value for Large A

Barger, Everett, Jackson, and Shaughnessy
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Re-design the cuts for
large A3

The distribution can be
used to distinguish A3
that have the same
production cross
sections (maybe for
future colliders).

PH, A. Joglekar, B. Li, and C. Wagner, arxiv:1512.00068



0.03

0.02

0.01

™
_H_I_IlllIIII|IIII|IIII|IIII|IIII|

400

500

600 700 800
m,_, (GeV)

K, does not change the
distribution for the SM
When the triangle diagram
and the box diagram are
comparable (A; ~ 3 A;>M),
K, changes the location of
the complete cancellation
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BMA:

m;1 = 300 GeV, m;z =1 TeV
X;=15TeV, k1 =1, kg = 0.8
O hh—bbyy = 0.19 fb

BMB, same as BMA, but

rkt=1.1, kg =0.9
O hh—sbbyy = 0.16 fb



pe(b) > 30 GeV, [n(b)|< 2.5, pe(v) > 30 GeV, [n(7)|< 2.5
112.5 GeV < my, < 137.5 GeV, 120 GeV < m,, < 130 GeV.
Niep + Njet <4

A3 <3A3,,, m,,>350 GeV A3 > 3A3,,, 250 GeV <m,, < 350 GeV

Az [ ASMIBAFMITASMIONSM | 0 |-ASM -2 AZM

S/vB| 33| 21 | 60| 11 |44] 75 | 98 14 TeV and 3000 fb ~

0.7 0 for A* ~ 5A3_,,
Lf using the cut m,,
> 250 Gev

50 for A3~ 6.5A3%,,, or A>~-0.2 A3,

arxiv:1512.00068 PH, A. Joglekar, B. Li, and C. Wagner



pe(b) > 30 GeV, [n(b)|< 2.5, pe(v) > 30 GeV, [n(7)|< 2.5
112.5 GeV < my, < 137.5 GeV, 120 GeV < m,, < 130 GeV.
Niep + Njet <4

A3 < 3A3,,, m,,>350 GeV A3 > 3A3,,, 250 GeV <m,, < 350 GeV

A3 (ASMI3 AgM |5 \M

S/vVB| 11 | 45 | 5.3 100 TeV, 3000 fb

5 0 for A3~ 5A3,,, or A* ~ 1.6 A3,

arxiv:1512.00068 PH, A. Joglekar, B. Li, and C. Wagner
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Interpretations

Stop pair production

PH, A. Ismail, I. Low, C. Wagner, 1507.01601

Enhanced htt coupling + new physics.
The new loop particles compensate
the enhanced htt coupling to keep

gluon fusion SM-like
The new ph 55105 will show up in

double Higgs production.

ATLAS and CMS, 1606.02266



backup



o -

Boosted Higgs ,’Q'J.

t /
In the boosted region > - - - can not be treated as
rmg t

g9 t g g
M h

Sensttive to possLbLe ‘

new Loop pa vtieles g .
— . 000000000 !

Expect that the p,-distributions change for different Loop particles,
helps to resolve the degeneracy in gluon fusion



Current signal strength on gluon fusion
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