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Matter-Antimatter Asymmetry
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Matter-Antimatter Asymmetry

SAKHAROV CONDITIONS 27 e seneratir
B Violation « Sphalerons SM

Kuzmin, Rubakov, Shaposhnikov, Phys. Lett. B155 (1985) 36

C/CP Violation £

Departure from Thermal Equilbrium =v Phase Transition
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Matter-Antimatter Asymmetry

) 7t d7 7b

x J~107%

SAKHAROV _CONDITIONS o7 dmemice gereration_ (IF~

B Violation « Sphalerons

Kuzmin, Rubakov, Shaposhnikov,

C/CP Violation X not enough

Gavela, Hernandez, Orloff, Pene, Quimbay, Nucl. Phys. B430 (1994) 382

ys. Lett. B155 (1985) 36

Departure from Thermal Equilbrium X not enough

In the SM (m, = 125 GeV) EW Phase Transition Smooth CrossOver
Kajantie, Laine, Rummukainen, Shaposhnikov, Phys. Rev. Lett. 77 (1996) 2887
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Matter-Antimatter Asymmetry

SAKHAROV _CONDITIONS o7 durermid) generaton

B Violation « Sphalerons

Kuzmin, Rubakov, Shaposhnikov, Phys. Lett. B155 (1985) 36

Be ond
SM Higgs System

C/CP Violation ? CPV in Scalar Sector

Departure from Thermal Equilbrium ? EW Phase Transition

~EDMs

TESTABLE

>LHC % beyond

Possible to establish / rule-out EW Bar\/oacncsic;
in the not-too-distant Future



CP ViDla'l'iDn (in Scalar Sector)

eq 2 Hiﬂﬂ; Doublets
V(H,Hy) = p[Hi +p3 B — | HH; +he.

T A1 4 A2 4 2 1 2
Hj:( ‘ (}53 L ) + 7|Hl| ‘|—?‘H2| + A3 |Hy|" |Ho|

: 2 1 ; 2

eq Hiﬂ@‘;‘v + Complex Singlet

V(H,S) = 12 |H|> + u2 |8 + [s (H-,H H|)? + ks |S|2) + h.c.} 4.

Also Possible to Obtain CPV (within hon-minimal scalar sector scenarios)
From Inialncr'—clim operators

Espinosa, Gripaios, Konstandin, Riva, JCAP 1201 (2012) 012
Chala, Nardini, Sobolev, Phys. Rev. D94 (2016) 055006

?HQ;:, (@ + ibys)t + h.c.



CP ViDla'l'iDn (in Scalar Sector)

CPV Induces Electric Dipole Moments (EDMs)

(Measurable for electrons, neutrons & Atomic Nuclei)

Engel, Ramsey-Musolf, van Kolck, Prog. Part. Nucl. Phys. 71 (2013) 21
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CPV Induces Electric Dipole Moments (EDMs)

(Measurable for electrons, neutrons & Atomic Nuclei)

Engel, Ramsey-Musolf, van Kolck, Prog. Part. Nucl. Phys. 71 (2013) 21
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Inoue, Ramsey-Musolf, Zhang, Phys.Rev. D89 (2014) 115023



CP ViDla'l'iDn (in Scalar Sector)

CPV in Scalar Sector Could be Probed @Collicders

( Hiﬁgg CP Propcrﬁcs)

Higgs + 2Jets ELIHC

Dolan, Harris, Jankowiak, Spannowsky, Phys.Rev. D90 (2014) 073008

G0

0099

06000600

~-H L5 = CDSﬂyfTwafh + Siﬂﬂﬁfﬂ_ffi%wfh

1009009

Higgs Decays to Taus @LHC-ILC

Harnik, Martin, Okui, Primulando, Yu, Phys.Rev. D88 (2013) 076009

Others:

Reconstructed & at the ILC
0.10— . .

Normalized yield

tth , h—40 , h—Zy(Z = 0717)

1r
0.9t kot
C Higgs(WBF)
03_ —— ggH+2j (e =0.0)
0.7¢ —— ggH+2j (= 0.6)
0.65‘ —— ggH+2j (x =1.2)
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E\W Phase Transition

Universe Expands Adiabatically = Equilibrium Thermal Field Theory
(Higgs) Finite-T effective Potential

Ve (h, T) = Vo (h) + Vy°P(h) + Vi (h, T)

Tree~level Loop Thermal
potential corrections corrections




E\W Phase Transition

~ (a T2 - u'l) hz — E(T) h? + ?\eff(T) h*  (High-T expansion)

Vegg(h, T) = Vo (h) + V,°°P(h) + Vi (h, T)

Tree~level Loop Thermal
potential corrections corrections
1=" Order: 2™ Order:

(R =0 = (hy = h(T) Discontinuous (h} =0 - (h) = A(T) Continuous

i




E\W Phase Transition

~(a T =p?) h*—e(T) h* + A (T) h*

Vegg(h, T) = Vo (h) + V,°°P(h) + Vi (h, T) T > v

EW Symmetry

Tree~level Loop Thermal zestoration
potential corrections corrections
15" Order: ”d Order:
= h(T) Discontinuous (h} =0 —» (AW\= A(T) Continuous

2]




E\W Phase Transition

~(aT - p*) h? - e+ A (T) b

Vegg(h, T) = Vo (h) + V,°°P(h) + Vi (h, T)

Tree~level Loop Thermal
potential corrections corrections
15" Order: 2™ Order:
(hy =0 - (R = h(T) Discontinuous (h} =0 - (h = A(T) Con’rmuous

i
LARGER m,
| —>
0
<
| NEW| BOSONS
112 l 0 | 0|,2 | 014 | 0|,6 | 018 | 1

In the SM (m, = 125 GeV) EW Phase Transition Smooth CrossOver
K. Kajantie, M. Laine, K. Rummukainen, M. Shaposhnikov, Phys. Rev. Lett. 77 (1996) 2887

1)3/2

Non-analytic term (m in V(h) from Matsubara Zero-modes

(only present for bosons)



E\W Phase Transition

~(a T —p?) h* —e(T) h* + A (T) h*

Vegg(h, T) = Vo (h) + V,°°P(h) + Vi (h, T)

Tree~level Loop Thermal
potential corrections corrections

= Thermal Effects @ the SM W, Z gauge bosons - not sufficient)
Add New BOSONS to generate a thermal barrier

= Loop Cffects

Add Particles whose loops reduce vacua energy difference.

= Tree-level Effects
Add scalars that mocliPy the tree-level potential



E\W Phase Transition

~(a T —p?) h* —e(T) h* + A (T) h*

Vegg(h, T) = Vo (h) + V,°°P(h) + Vi (h, T)

Tree~level Loop Thermal
potential corrections corrections

A (T)

eff

L | 1 | ) ] 1 ]
0 0,2 0,4 0,6 0,8

o

= Thermal Effects @ the SM W, Z gauge bosons - not sufficient)
Add New BOSONS to generate a thermal barrier

= Loop Cffects

Add Particles whose loops reduce vacua energy difference.

= Tree-level Effects
Add scalars that mooli@y the tree-level potential



E\W Phase Transition

Lo ~ (aw T)*

Sphalerons I {;]

3

Symmetric Phase
<¢>=0

Broken Phase

<d> = 0

A (9)
g

ESph =k

Out of Equilibrium
(SPHALERON SHUT-OFF)

(9)/T >1




Case Study: a Second Higgs ﬂ@

V(Hy, Hy) = p2|Hy + p2 | Hl? — 12 [HIHQ + h.c.]
A 4 A2 4 2 2
+ ?|H1| +7|H2| + A3 [Hi|™ [Ho H =

2\ 2
+ A4‘H]TH2‘ +?5[(HIH2) -I-h.C.]

H* = —s5¢7 + 3 Ay =—sgm +cam
hz—Sah1+Cah2 HOZ—Cahl—Sahg

2 CP Even States, with

mmg, = Mp

0

We Assume my, = 125 GeV

My, = 125 GeV ls Also Possible

Bernon, Gunion, Haber, Jiang, Kraml, Phys. Rev. D93 (2016) 035027
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Case Study: a Second Higgs ﬂ@

V(Hy, Hy) = p2|Hy + p2 | Hl? — 12 [HIHQ n h.c.]

A A +
+ ?1|H1|4+72|H2|4+/\3 |H1|2|Hz|2 sz( | o

2\ 2
+ A4‘H]TH2‘ +?5[(HIH2) -I-h.C.]

H* = —s5¢7 + 3 Ay =—sgm +cam
hz—Sah1+Cah2 HOZ—Cahl—Sahg
his SM Hi
BSM Parameters mp, ma, mpg+ tanf COS(/B - Oﬁ) N2 [ P:r jﬁ Iﬂf UJ
P—

EWPO: Mpg+ XMy, O Myt X MY,

HJ, Couplinﬂc; to Fermions: TYPC |, TYPC Il .. choice not Relevant for EW Phase Transition

10



Case Study: a Second Higgs

Strength of 2HIOM EW Phase Transition
Dominantly Controlled by Vacuum Uplifting

Fo = Vo) + V,°P(v) — Vo(0) — V,°°P(0)

11



Case Study: a Second Higgs ﬂ@

Strength of 2HIOM EW Phase Transition
Dominantly Controlled by Vacuum Uplifting

= EW Phase Transition Favours 2HDM Aligr\mcrﬁ' or Mg, & Mp

11



(s

tree

(Fo—FM], = —gcg_a(

Fo = Vo(v) + V,°P(v) = Vo(0) — V,°°P(0)

2 2
My, — M,

) <0

30 e st e es 30
Typel | S N
10} 10}
5 5
3 3
1} = 1}
Lilith N
HiggsSignals ///ff/fj}’,/f:‘::

Type Il

C3—a
Dorsch, Huber, Mimasu, JMN, Phys. Rev. D 93 (2016) 115033
+ Many Other Refs!

08 06 0402 0 02040608 -08 06 04 05 0

02 04 06 0.8

Case Study: a Second Higgs ﬂ@

Strength of 2HIOM EW Phase Transition
Dominantly Controlled by Vacuum Uplifting

= EW Phase Transition Favours 2HDM Alignmcrﬂ' or Mg, & Mp

Higgs Signal Strengths
(LHC Run 1)
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Case Study: a Second Higgs ﬂ@

Strength of 2HIOM EW Phase Transition
Dominantly Controlled by Vacuum Uplifting

= EW Phase Transition Favours 2HDM Alignmcrﬂ' or Mg, & Mp

[ ALIGNMENT LIMIT  C3—q = U]

| 2 (3 1 dmy, myg in
T _]:'SM - 2M2— 2 21 0 o 'H
oo 64 72 [( ) ) Tk (2M2—m%)2

) M? = p?/(scg)
1

+3 (my, +my, +2mys ) — (2M* = mj) (my, +my, +2mp: )

11



Case Study: a Second Higgs ﬂ@

Combine with Vacuum 5+alaili+y and Unitarity

Gunion, Haber, Phys.Rev. D67 (2003) 075019
Ginzburg, Ivanov, Phys.Rev. D72 (2005) 115010
Barroso, Ferreira, Ivanov, Santos, JHEP 1306 (2013) 045

Mg+ ZMA
. = 200 GeV (e o] i, = 500 GeV

3
b7 -

AN
INNNNNNE .

|IIIIII |IIIIIIlIIIIIIIIIIII|lIIIIIlII|IIIIIIIII|IIIIIIIII|

\S] IIIIIIIIIlIIIIIIIII|IIIIIIIII IIIIIIII|IIII}IIII"IIIIIIII
IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII. III|IIIIIIIII|

1 0 1 2 3 4 5 6 7

oo CLLLLLLLLI

\/ im3, — M?|sign(mg;, — M?) (100 GeV) \/ im3, — M?|sign(m;, — M?) (100 GeV)

— T/ FM =1 mma F/FM=08  a e e F/FM=06 e— FFM =)

Dorsch, Huber, Mimasu, JMN, arXiv:1612.xxxxx

= EW Phase Transition Favours ma, —mp, ~v (> m, ) .



Case Study: a Second Higgs ﬂ@

bb
g
EW Phase Transition Signat NG A o 7
- ase ransiTtion IignaTture P
9 tt S 0 L WW, ZZ
Ag — Ho 2 V4
. v 0
Dorsch, Huber, Mimasu, JMN, Phys. Rev. Lett. 113 (2014) 211802 g
g—l—
n 120 - :
Signal

| 100}

Ao — HoZ — bb ot

80

60

40+

20

Ao = Ho Z — WTW 00 — 40 + 2u

50 100 150 200
mp, [GeV]

— 50
(m7)* = (\/p%‘,ﬂe +my +9r)° — (Frae +9r)°

my = \/ Pr gy + MGy + \/ P g+ (mig)?

LHC 13 TeV with ~100 fb™

- 160 200
Shall I-Iave_ a Final \Vord m [GeV] m¥ [GeV]
on this Scenario
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A/H—bbor A/H— 17T

The CMS Collaboration

One important motivation for 2HDMs is that these models provide a way to explain the asym-
metry between matter and anti-matter observed in the Universe [4, 5]. Another important mo-
tivation is Supersymmetry [6], which is a theory that falls in the broad class of 2HDMs. Axion
models [7], which would explain how the strong interaction does not violate the CP symmetry,
would give rise to an effective low-energy theory with two Higgs doublets. Finally, it has also
been recently noted [8] that certain realizations of 2HDMs can accommodate the muon g — 2
anomaly [9] without violating the present theoretical and experimental constraints.

In the most general case 14 parameters are necessary to describe the scalar sector in a 2HDM.
However, only 6 free parameters remain once the so-called Z, symmetry is imposed to suppress
flavor changing neutral currents, in agreement with experimental observations, and the values
of the mass of the recently discovered Higgs boson (125 GeV) and the electroweak vacuum ex-
pectation value (246 GeV) are assumed. The compatibility of a 125 GeV SM-like Higgs boson
with 2HDMs is possible in the so-called alignment limit. In such a limit, one of the CP-even
scalars, h or H, is identified with the 125GeV Higgs boson and the condition cos( — &) ~ 0 or
sin(B —a) ~ 0is satisfied, where tan f and « are, respectively, the ratio of the vacuum expecta-
tion values, and the mixing angle of the two Higgs doublets. A recent theoretical study [5] has
shown that, in this limit, a large mass splitting (>100 GeV) between the A and H bosons would
favor the electroweak phase transition that would be at the origin of the baryogenesis process
in the early Universe, thus explaining the currently observed matter-antimatter asymmetry in
the Universe. In such a scenario, the most frequent decay mode of the pseudoscalar A boson
would be A—ZH.

CMS-PAS-HIG-15-001
Phys. Lett. B759 (2016) 369 (ArXiv:1603.02991)

Search for H/ A decaying into Z and A /H, with Z— ({ and

400

300
200
100

|-lkl||II| |III|III||III||IlI|
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i

CMS rreiiminary

Case Study: a Second Higgs
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Case Study: a Second Higgs

Meaningful LHC Run 1 Constraints
(Assume 2HDOM  Alignment)

300 300
250} 250
= 200} 200
S,
S
= 150} / 150
,l
/]
7/
7/
100t ] 100
7/
! | ! /./\\ !
200 300 400 500 600 700 800
ma, [GeV] 300
gg-fusion bb-associated 250
lz=1.5 — Ig= 27
— =2 — t3=24 % 200
— t5 =2.5 — tlg =21 (5
— t3=3 ts =18 ‘Tg'
—_— tg =3.5 tﬂ =15 E
— =4 150
— 13=45 == Mp, = My, + Mz
— 13=5 [ Unphysical
100

Dorsch, Huber, Mimasu, JMN, Phys. Rev. D93 (2016) 115033
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Higgs &« Dark Matter

Assume:

DM with Relic Density via

Thermal Freeze-0Out in Early Universe

Nature of DM-SM Interactions??

DM_Scatterin

DM _Annihilation

Relic Density (Early Universe)
Indirect Detection (Now)

OM SM

o

Direct Detection

O SM
p Colliders (LHC) ‘

BM_Production
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Higgs &« Dark Matter

Assume: [JM with Relic Density via
Thermal Freeze-0Out in Early Universe

Nature of DM-SM Interactions??

DM _Annihilation

Relic Density (Early Universe)
Indirect Detection (Now)

OM SM

o

DM_Scatterin
Direct Detection

O SM
p Colliders (LHC) ‘

BM_Production

‘Dark. Matter Complcmanrarier“
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Higgs &« Dark Matter

OM may feel su@2), xU(l)y gauge interactions
eg 'Minimal Dark. Matter”

Cirelli, Fornengo, Strumia, Nucl. Phys. B753 (2006) 178
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Higgs &« Dark Matter

OM may feel su@2), xU(l)y gauge interactions
eg 'Minimal Dark. Matter”

Cirelli, Fornengo, Strumia, Nucl. Phys. B753 (2006) 178

or.. M may belong to a Dark Sector

Need ‘Portal' Interaction(s) between sSM and DS

FLRGERED -+,
i DARK MATTER 7

BEUOND™eDARK PORTAL

Stanclard Darlk

)
Model Por+al Sector

cg SM Hiﬂﬁg portal: H g Os

B.Patt, F. Wilczek, hep-ph/0605188
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Higgs &« Dark Matter

OM may feel su@2), xU(l)y gauge interactions
eg 'Minimal Dark. Matter”

Cirelli, Fornengo, Strumia, Nucl. Phys. B753 (2006) 178

or.. M may belong to a Dark Sector

Need ‘Portal' Interaction(s) between sSM and DS

FANEORLD M
& DARK MATTER

BEYONDT™eDARK PORTAL

Stanclard Darlk

)
Model Por+al Sector

eg SM Hiﬂﬂg portal: }ff/H O <
B.Patt, F. Wilczek, hep-ph/0605188

' 4
Singlet scalar OM )\SSQHTH

The SM Hiﬂa«; Mediates Interactions
of Dark Matter with the sM

The EWSB Sector Well-Maotivated SM-IOM Portal

17



Higgs &« Dark Matter

Consider Fermion DM + Spin-0 Mediator
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Higgs &« Dark Matter

Consider Fermion DM + Spin-0 Mediator|

Interactions DM-5M may be characterized via Simplified Maodel (s)
Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023

Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEPO7 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

De Simone, Jacques, Eur. Phys. . C76 (2016) 7, 367

Scalar Mediator Pseudoscalar Mediator
_ 1 m? . 1 m?2
Ls = X(@ED—my)x + 5(6‘“3)2 — 28 52 Lo = X(IP—my)x+ 5(8#01)2 - 7(12
— Yq _ - — .5 - Yqg _ 5
— GySXX —gsMS Y =g — igyaXxy’x —igsma Y g
q \/5 q \/§
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Higgs &« Dark Matter

Consider EFcr'mion DM + Spin-0 McdiaJror']

Interactions DM-5M may be characterized via Simplified Maodel (s)

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023

Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEPO7 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

De Simone, Jacques, Eur. Phys. . C76 (2016) 7, 367

Ls

Scalar Mediator

X~ my)x + 5 (D) —

_ Yq
— GySXX —gsMS Y =g
~ 2

m
2

2

]

S

2

Pseudoscalar Mediator

X~ )X + 5 (0u0)°

2
ma2

——a

2

. _ . Yg _
igy aXy°x —igsmay 7“% 77°q
q

Seem Useful to Inferpret LHC Searches

DM+t scalar mediator, g =g, =g

S o00EATLAS Bréidingy T T T o

{3 1 802—‘5 =13 TeV, 13.21b" &_ﬁ E E

£(b) E 160 ;_--_ E:;f:;tv:: ll"rl'"l]l]':{i‘h,p} .r: E E E
140 ;— Contours for g=3.5 | -
o/ 7 120 ': 3
- 100 N =
49 80 / -
(510 . =
t(b) 40 Y -
201 a1 om ," E
Uﬂ...ﬂ'ﬁ...11!....|....§ﬂ...|....3_~2....|.."--r.. L

0 50 100150200250300 350400450500

m, [GeV]

DM+t pseudo-scalar me-:lator,gk =g =g
> 220FATLAS Prelimhay T T T o
& oppLis=13TeV, 132" PR
E 180E—— Observed limit o 3 E
C - - - Expected limit (+10,,,) RSl 34
160_ Contours for g=3.5 :*' et .
20 ;_.s;,-"'-lr.a 17 ‘*‘ _z
TN TN IR ENG v NN AN EANNS | AT INENANER v [ ", A
0 50 100 150 200 250 300 350 400 450
m, [GeV]
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Higgs &« Dark Matter

Consider EFcr'mion DM + Spin-0 McdiaJror']

Interactions DM-5M may be characterized via Simplified Maodel (s)

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023
Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEPO7 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

De Simone, Jacques, Eur. Phys. . C76 (2016) 7, 367

Scalar Mediator Pseudoscalar Mediator
_ 1 m? . 1 m?2
Lo = x(P—my)x + 5(8“8)2 — 28 s> Lo = x@d—my)x+ 5(8,&03)2 — 7a2
— Yq _ - — .5 - Yqg _ 5
— GySXX —gsMS Y =g — igyaXxy’x —igsma Y g
q \/§ q \/§

Seem Useful for DOM Complementarity

For Scalar Mediator

Spin~Independent DM Direct Detection (tree~level) MUCH MORE SENSITIVE than LIHC

For Pseudoscalar Mediator

Spin Dependent @ Tree-level 1) 1+ potection MUCH LESS SENSITIVE than LHC
Spin Independent @ One-~loop

Both very suppressed

18



Higgs & Dark Matter

[The Problem is SU(2), x U(l)y Bauge (non)lnvariance]

2
mg o

. 1
Lo = x(d—my)x+ 5(8ﬁa)2 - 7@

. _ ) Yg _
- 19x @X’)’5X — 1gsm az 7% q*y5q
q

19



Higgs & Dark Matter

[The Problem is SU(2), x U(l)y Bauge (non)lnvariance]

2

iy 1 ms
Lo = x(d—my)x+ 5(8ﬁa)2 — —24?

@ : Yqg _ 5
o ZgSMa’E: q7y 4
.<q V2
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Higgs &« Dark Matter

[The Problem is SU(2), x U(l)y Bauge (non)lnvariance]

. 1 m?
Lo = X(IP—my)x + é(aﬂa)z - —ta’?

- Yq _ 5
— igsma ) L qy'q
oD@ T

A Consistent "Completion” of the Simplified Pseudoscalar
Portal tfo DM Goes Beyond the Standard Higgs System
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Nomura, Thaler, Phys. Rev D79 (2009) 075008
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Higgses & Dark Matter

> A New (heavier) Mediator

SM + DM + a  mediator + NEW STATES
» HT H, New States
(Mediator Gouge Partners)
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Higgses & Dark Matter

> A

New (heavier) Mediator

SM + DM + a  mediator + NEW STATES

» HT H, New States
(Mediator Gouge Partners)

NEW STATES DO NOT DECOUPLE (if DM-SM Por+tal is Active )

Unitarity

=1 m, =100 GeV ]
100 GeV 7

1/4, t;
1/2,t=1, my =

mEm sin’(d) =
mm sin%(d) =
B s (@ =12, 4=
B sin f&‘j 1/2. ta=

=5, My =

1, my=

my (TeV)

Goncalves, Machado, JMN, ArXiv:1611.04593

[c-o =0 mygs=mp,]
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Higgses & Dark Matter

> A New (heavier) Mediator

SM + DM + a  mediator + NEW STATES
» H* H, New States

(Mediator Gouge Partners)

NEW STATES DO NOT DECOUPLE

Impact on LHC (Simplified Model vS Consistent Completion):
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> A New (heavier) Mediator
SM + DM + a  mediator + NEW STATES
» HT H, New States
(Mediator Gouge Partners)

NEW STATES DO NOT DECOUPLE

Impact on LHC (Simplified Model vS Consistent Completion):

ma > mg, +mp myg, > Mg + Mz

- h g Z
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\\ \\
\ \
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"New” Searches: (Resonant) monho-h/mono-Z
JMN, Phys. Rev D93 (2016) 031701
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(Mediator Gouge Partners)
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Impact on LHC (Simplified Model vS Consistent Completion):
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> A New (heavier) Mediator
SM + DM + a  mediator + NEW STATES
» HT H, New States
(Mediator Gouge Partners)

NEW STATES DO NOT DECOUPLE

Impact on LHC (Simplified Model vS Consistent Completion):
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=W Phase Transition @ LHC

MSSM Most Studied EWBG Scenario)

m, < 106 TeV

MS5SM Baryogenesis Window

Carena, Nardini, Quiros, Wagner, Nucl. Phys. B812 (2009) 243

mey < 110 GeV

Lattice studies suggest there may be a SEWPT for m7; < 150 - 160 GeV

Laine, Nardini, Rummukainen, JCAP 1301 (2013) 011



=W Phase Transition @ LHC

MSSM Most Studied EWBG Scenario)
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=W Phase Transition @ LHC

MSSM Most Studied EWBG Scenario)

Deviations in Higgs Couplings from SM t
due to Light Stops

Yy YYieeF)  Y¥ivee) YYivee, Ll Llper) Llpvgrpy WW o WWip WWiwge o oTT TTiger] TTiver] DDiap)

Curtin, Jaiswal, Meade, JHEP 1208 (2012) 005



=W Phase Transition @ LHC

MSSM Most Studied EWBG Scenario)

Deviations in Higgs Couplings from SM t
due to Light Stops

Yy YY¥ieeF)  ¥¥ivee] YY¥iveE  LL Llper) Llpvegr; WW o WWip WW ygg

Curtin, Jaiswal, Meade, JHEP 1208 (2012) 005

ATLAS and CMS
LHC Run 1
Preliminary . .
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=W Phase Transition @ LHC

MSSM Most Studied EWBG Scenario)

¥
Deviations in Higgs Couplings from SM t
. f
due to Light Stops ,
+!
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=W Phase Transition @ LHC

The MS5M Baryogenesis Window
Seems to be Closed

SEWPT via colored states is disfavoured

Cohen, Morrissey, Pierce, Phys. Rev. D86 (2012) 013009
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Higgs &« Dark Matter

OM Complementarity

Ly DV | ) o™ (asn + 960" )a + X7 oy +9377)x
q

Note: Plots For Spin - 1 Mediator

ICHEP 2016 ICHEP 2016

CMS Preliminary ,_E, 10°% CMS Preliminary
Axial-vector med., Dirac DM '—L . Vector med., Dirac DM
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CMS DM+/V_ [ LuX 2018
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