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EWBG Introduction

The Question: Why this asymmetry?

The Universe is matter dominated. Natural p in the cosmic rays,
but compatible with secondary production.
BBN and CMB furnish independently:

BB TB _ (6.11+0.19) x 10710
ey

n

Why this number? )

Possible mechanisms attempting to produce n must contain the
ingredients

© B violation
© C and CP violation

© Departure form thermal equilibrium
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EWBG Introduction

An answer: EWBG in the SM

Kuzmin, Rubakov and Shapshnikov, Phys.Lett.B155:36,1985;

Some EWBG reviews:

A. Riotto, hep-ph/9807454
M. Quir6s, hep-ph/9901312
J. Cline, hep-ph/0609145
T. Konstandin, 1302.6713

The SM contains the Sakharov conditions: Q
© B number is non-perturbative violated . o
at T 0 (sphalerons) p— ‘
Q3

© CKM matrix contains CP violation
© EWPT (when of 1¥* order) proceeds by bubble nucleation.
Expanding bubbles break the thermal equilibrium.
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EWBG Introduction

An answer: EWBG in the SM

V(¢,T) =m?(T)¢? + E(T)¢*+ N(T)¢*

The SM contains the Sakharov conditions: o

© B number is non-perturbative violated . o
at T + 0 (sphalerons) — i

© CKM matrix contains CP violation %

© EWPT (when of ¥ order) proceeds by bubble nucleation.
Expanding bubbles break the thermal equilibrium.

Germano Nardini Strong EW Transition in the MSSM-like param. space



EWBG Introduction

An answer: EWBG in the SM

!
V(6, T) =m2(T)¢2+ E(T)¢%+ A(T) " b ji
M TS
= i $h
' 6. NN
il (;5 \q)>0\ s L B
SN AF S
The SM contains the Sakharov conditions: o

© B number is non-perturbative violated . o
at T # 0 (sphalerons) g ’

© CKM matrix contains CP violation
© EWPT (when of 1¥* order) proceeds by bubble nucleation.
Expanding bubbles break the thermal equilibrium.
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EWBG Introduction

An answer: EWBG in the SM

V(¢,T) ~m*(T)$*+E(T)p*+ AT

CP asymmetry
| : 640 qr>qL

¢ =0

In front of the wall CP asymm. generates temporally q;, > qr,

= There are more sphalerons B than those B

= Temporally B asymm. is present beyond the wall = The wall
expansion accumulates B > 0 inside the bubble, where

If broken-phase sphalerons are in therm. equilibrium, B — 0.
Otherwise (strong EWPT) WE HAVE PRODUCED B # 0.
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EWBG Introduction

An answer: EWBG in the SM

V(¢,T) =~m*(T)$*+E(T)¢*+ (T

CP asymmetry
AM i 640 qr>qr

»p=0
\ /n%@ L

[with v(T" = 0) = 246 GeV]

n

Necessary requirement to have n # 0
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EWBG Introduction

Another answer: EWBG in the MSSM

Unluckily, EWBG ‘in the SM does not work: the EWPT is not
strong enough (w <1) for mp, > 114.4 GeV [LEP].

75 GeV

symm.

mp

JS[
broken 2nd

%I‘OSSOVGI‘

T

= New physics to increase the C'P violation barrier in V (¢, T)).
Well motivated possibility: EWBG in the MSSM.
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MSSM Light Stop Scenario

MSSM Light Stop Scenario

showed that the Light Stop Scenario (LSS) is the
most favorable MSSM framework to get a strong EWPT.

By the (4d) finite-temperature effective potential they found a
MSSM parameter window (for m¢ ~ 1TeV) where the EWPT is
strongly first order when m;, < 105 GeV.

The same conclusion was reached in the (3d) dimensionally
reduced effective theory by means of perturbation theory and
lattice simulations
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MSSM Light Stop Scenario

KEY POINT: Mgv < 0! Why? [Carena et al.96;Delepine et al.,96]

To obtain a strong 1°¢ order EW transition ((¢(T},)) > T,,), the Higgs

potential (V (¢, T) ~ m¢? + E¢> + \¢*) has to develop a large barrier
(E 1), increased by the “cubic term” produced by bosons.

Unlike in the SM (developing a small cubic term), in the LSS

right-handed stops can strengthen the EW transition. Its spurious
cubic term appears as

0 3/2 i
M+ 244 H(T)] Q ~ h3(1 — A2/im?)

To strengthen the transition M? ~ —1II(7,) so that |- - - ]3/2 ~ E¢?

g

mi = \/M5+%02 ~ /ME +mi <my [for A, ~ 0]

[m] = =
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MSSM Light Stop Scenario

KEY POINT: MZ < 0! Why?

To obtain a strong 1°¢ order EW transition ((¢(T},)) > T5,), the Higgs
potential (V (¢, T) ~ m¢? + E¢® + A¢?) has to develop a large barrier
(E 1), increased by the “cubic term” produced by bosons.

Unlike in the SM (developing a small cubic term), in the LSS
right-handed stops can strengthen the EW transition. Its spurious

cubic term appears as 3/2
{M{i + %qs? + H(T)] Q ~ h2(1 — A2/m?)

To strengthen the transition M2 ~ —II(T,) so that [- - - ]3/2 ~ E¢?

|

The theory then has two minimal
EWB CB

<h7t> = (U,O) <hat> = (O,U)
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MSSM Light Stop Scenario

KEY POINT: Mgv < 0! Why? [Carena et al.96;Delepine et al.,96]

To obtain a strong 1°¢ order EW transition ((¢(7},)) > T},), the Higgs
potential (V (¢, T) ~ m¢? + E¢® + A¢*) has to develop a large barrier
(E 1), increased by the “cubic term” produced by bosons.

Unlike in the SM (developing a small cubic term), in the LSS
right-handed stops can strengthen the EW transition. Its spurious
cubic term appears as 0

3/2
{Mﬁ + 307+ H(T)] Q ~ h¥(1 - A2/i?)

To strengthen the transition M2 ~ —TII(T,) so that [ - -]3/? ~ E¢?

TSB < TFWB < TEWB  (no 2-step EWPT) l

m] =) = =

Dac
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MSSM Light Stop Scenario

DELICATE PROBLEM

@ Very very roughly: v(7,,)/T,, ~ 2E/\ (to be precisely calculated
numerically from V (¢, T))

@ ) is very sensitive to my, which is sensitive to loop corrections

@ V (¢, T,) strongly depends on high loop corrections (e.g. HTL
resummations are required)

@ EWB and CB phase trans. compete = precise calculation of
V (U, T) is needed

@ InV(U;,,T) the large o, makes the potential less perturbative

@ Any V(T # 0) has non-perturbative infrared problems (at
Landau scale) = lattice simulations

ToB < TPWVE < TPWE  (no 2-step EWPT)

o = = =
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MSSM Light Stop Scenario

Strong EWPT at m;, ~ 126 GeV?

the MSSM EWPT is strong at m;, < 105 GeV

can we obtain a strong EWPT with m;, ~ 126 GeV?

As in the past, we will answer by two approaches:

© 4d finite-temperature eff. potential
[Carena,GN,Quiros,Wagner 08;09;12]

@ 3d (dimensionally reduced) eff. theory + lattice simulations

[Laine,GN,Rummukainen 12]
CIARY- =» «=» T 9HaC
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EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

4d finite-temperature
eff. potential
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EWPT and Baryogenesis at mj; = 126 GeV

4d T +# 0 eff. potential

4d T # 0 eff. potential approach

Optimal MSSM setting for EWBG:

g*T/m
|

Fermions are at the EW scale (gluino a bit heavier)
The tg is lighter than the top quark

The other scalars mg ~ m4 ~ ... = m > few TeV
A; < mg (motivated by the strength of the EWPT )
tan 8 < 15 (motivated by EDM and BAU)

(A sort of light-stop scenario in SS)

HE o

Germano Nardini

(Ms3) m
g T
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EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

4d T 7é 0 eff. pOtential [Carena,GN,Quiros,Wagner 08;09;12]

The T = 0 effective Lagrangian is

A S
Legs = m*H'H — 2 (HYH)? = hy [qreH" t) + [Hueth}}}

- —a— = 1 .. - -~ ~
—V2 thaTatR—H/th}}BtR—g th.tr, th tr,— Ex|? H?

+—T< e 4 ’B)H +—T6( e 4 ’B)H +hc
e " U - a o
\/i g g \/i gd gd d

M

My ogss Myzn  =m - o s
~—50393" - 72WAWA - 7133 — pHTeHy — M? Thig

R L T 7
T T T T b T
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(One-loop: MS - dim. regular. - Landau gauge - 4-dim. ops.)

g°(m) + g™ (m)

A() — AX = .

cos> 25 (1 — %AZA)

DA




EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

Matching conditions at m

(One—loop: M S - dim. regular. - Landau gauge - 4-dim. ops.)

() — AN = M cos® 23 (1 = %AZO

) B = i (1 - %AZM)

Jm) = 29/(R), 9u(W) = g(M)sinf,  ga() = () cos

gu(m) = g'(M)sin B,  ga(m) = g' (M) cos 3
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EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

RGE

For the adimensional couplings...

(47)%Bx = 12X%+6Q° — 12h% + 12A2)

9 1 4
(47)* B, = he (5h3+§Yf + §G2 - 895)

o 32 5.9 ;2,92 = 2 2 16 2 2
(4m)*Bo = = G*h — 4Y7h} +Q <[\ F3A 4 4Q + 6hF + 42 + G2 s,,;)
< 9

) 1o (2 s 16 5 o
(47)*By, = 5Y; </1,— +8Y2 + T)( - s,,;)

. : 88 (14 - :
(4m)*Bx = 12Q* + 1395 — %(,’4 — 24V + K <TA 4 G 3G - 1(;;,,?)
o Oln 1 . N )

(4m)°Bc = 5G (9G* + 2k} — 26 g} + 4Y/’)
12
(4m)?Bs = J <h3 +2V7 + - G7 - 4g§)

&
4By = 9uC) (BIH3VE) | (4B =3 9u) 12,
o = = =

it
S
o
i)
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.. and for the mass terms

(471') 51\/[1 = 0

(47T) /BMz =0

(47)% B = —GQ m¥; + 6m2h?
(

(

(

4rr)? Bu = 2 pYy?
4m)2Bar, = M3 (—18g5 + G?)

8 16
Am)? By = M <§K +4Y72 + §G2 - 8g§>

32

«4O0>» < Fr» « > «

>

= EMng —4m2Q — 4Y2u?

DA™




EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

Higgs mass calculation

INPUTS:
my

@ Experimental LE inputs RGE

@ Theoretical inputs

9 \ \

ht>glngag3
m? match

HIGGS MASS:

by the 1-loop effective potential in the LE theory improved by
the 1-loop RGE resummation (necessary to resum large logs

for large values of mg)
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EWPT and Baryogenesis at m;, = 126 GeV 4d T # 0 eff. potential approach

Higgs-Stop window (¢(T,))/T, > 1 (u= 100, M5 = 800GeV)

m, <50 Tev my< 10° Tev
T T T T T T T
3
115 — 15— |
.E -C
110 — — 110 —
(0] %) B
O ok 1 O i3 !
142100~ | ,“IWf |
sl 1 E o5 1

mg, > 50 TeV mg, S 110 GeV

DA
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EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

Higgs-Stop window (¢(7T,)) /T, > 1 (1= 100, M5 = 800 GeV)

m, <50 Tev m, <10° Tev
T T T \P T T T
115 — 15— c £: 4
(0] (] 8
glos— 1 ‘9‘1057 f J
= ] gas— -
“E | | | | | L 907\ | | | S | \/;
e Teeyt e Tee
Key eff. parameters: m;“m%],Q,)\,K J
Maybe LSS is the effective theory of non-MSSM
and m¢ can be much smaller [A.Delgado,G.N. M.Quiros,12]

o = = =
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EWPT and Baryogenesis at mj; = 126 GeV 4d T # 0 eff. potential approach

Higgs-Stop window (¢(7},))/T, > 1 (u= 100, M; = 800 GeV)

m, <50 Tev szlOGTeV
3 130 : ]
glos— 3 QJDE 3

x-._»mo: : g%: :
e fCeVT6 P - [ZGeVTB R

Point A B C D E F G

|At/mQ| 05| 0 0 0 0.3 |04 | 0.7

tan 8 15| 15(20|15|10|10] 1.0
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d dimensionally reduced
eff. potential
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d dim. reduced eff. potential

Conservative MSSM setting for EWBG:

@ Fermions are at the EW scale (light gluino)
@ The t3 is lighter than the top quark

@ The other scalars mg ~ my ~ ... = m > few TeV but
my = 150 GeV

A; < mg (motivated by the strength of the EWPT )
tan 8 < 15 (motivated by EDM and BAU)

(In blue the differences with the previous setting)

9°T/m Mg MU #9T =T =
| | | |
[
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d dim. reduced eff. potential

Procedure:

@ At T = 0 integration out heavy scalars (1-loop)
@ Dim. reduction matching 3d and 4d theories (1-loop).
© Relation between 4d M S parameters and
phys. observables (1 ~ T, 1-loop)
© Effect. potential in 3d theory (2-loop) / Lattice simulations

9°T/m Mg MU #9T =T =
| | | | |
[ ! [ [ [ [
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d dim. reduced eff. potential [Laine,GN,Rummukainen 12]

Phase diagram from 2-loop eff. potential J
m&=7TeV.uD=M’2=m;=1506eV
170 : : :
| > — W(T)/T,=09
triple point
@ Strong EWPT at my, ~ 126 GeV P I NG
@ m; ~155GeV !l S
ol
@ UV uncertainties (is it MSSM ?) © ol o
@ Band size strongly depends on K f i
£
14%5 0 w0
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EWPT and Baryogenesis at mj; = 126 GeV

3d lattice simulations

3d dimensionally reduced eff. potential

Lattice spacings 3, = 4/(92Ta)

and volumes

T dependence in the
continuum limit

Buw volumes

8 123,163

10 16°

12 162,202, 323,122 x 36,202 x 40
14 243,142 x 42,242 x 48

16 243,162 x 48,202 X 60, 242 x 72
20 323,202 x 60, 262 x 72, 322 x 64
24 243 323 483 242 x 78,302 x 72
30 483

Germano Nardini

————— Qe O
15+~ |
.
o [ |
=
~ Lo |
N
*IN L e e |
v 9N
e
05— |
0.0, 85 GeV ]
T D R
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d lattice simulations [Laine,GN,Rummukainen 12]

Evolution T dependence in the
continuum limit J

20— : : : 20— F—— 71—

¢ | T 7
-
15 @ | T |
i 4GV P g
7 E | = B |
b - ‘
t i K | t 10~ |
Ay - :,l\:N
T | - | |
*IN +IN ocev . o .
’ T v DAL B
05 | 1 ]
0.0 -
L C0—0~0 004 8568V . ;— o
b 4 L L L . | ) )
| L | o
72 76 80 84 88 0.00 0.02 0.04 0.06 0.08 0.10
T/ GeV o

o = = =
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d lattice simulations [Laine,GN,Rummukainen 12]

Evolution Lattice definition
of T,

20— : : :
(3 4 ]
- E
15 @ 4 ]
- E
3 - — E
B - B
T - B
Ry - 3
4;04 r - 1 E
- E
Vo5l B 3
00 o o4 E

C | n | n | n 1 n 1 1.0
72 76 80 84 88 :

T/ GeV

o = = =
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d lattice simulations [Laine,GN,Rummukainen 12]
Strength Lattice definition
of T, J
2.0 T T T T 5
’ o
5= = ;
Eu ;'P‘e-e-e-—e-oko - | *
":\ul.O* — E
05 _ 7
90600 o.‘os ‘ o.be ‘ 0.69 ‘ 0.‘12 i-O

1/B

W
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EWPT and Baryogenesis at mj; = 126 GeV 3d dimensionally reduced eff. potential

3d lattice simulations [Laine,GN,Rummukainen 12]
Strength Lattice definition
of T,
i ‘ ‘ ‘
:
e e

1/B,

DA
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Conclusions

Conclusions

We used two approaches:

© 4d finite-temperature eff. potential
+) Resum. large logs;

-) Non-perturb. effects (magnetic scale, stop direction...);

@ 3d (dimensionally reduced) eff. theory + lattice simulations
+) Non-perturb. effects included
-) Large logs;

there exists a parameter window providing strong EWPT with

mp, ~ 126 GeV (requirement to explain BAU via EWBG)

Germano Nardini
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Conclusions

Conclusions

4d and 3d T # 0 perturbative calculation prove the existence of
strong EWPT driven by stops in MSSM-like models

Lattice simulations show that perturbative calculations
underestimate the EWPT strength

More work is needed to understand whether discrepancies
(mostly absorbed into m; ) are only due to UV corrections

There exists a class of models having the considered 3d theory
with strong EWPT at m; . ~ 155 GeV and m;, ~ 126 GeV
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Conclusions

BACKUP
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Conclusions LHC and EWBG in the Light Stop Scenario

LSS and LHC

(in Higgs searches)
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops in the Higgs searches [venon et al 09

o(gg — k%) and T'(h° — vv)

t T
& h & h
+
g g
w Y t ¥
+ +
h h
Y i
SM _ SM = -
rgg/rgg , M=10TeV, tanf =15 BRWI BRW , M=10TeV, tanp =15
160 . T T T 4 160 T T T T 0.9
150
35
140 LR
2 130 9
e 0.7
E.:‘ 120 25
110 0.6
2
100
90 15 = 05
110 115 120 125 130 135 110 115 120 125 130 135
Mo (Gev) myo (Gev)
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops in the Higgs searches [venon et al 09

..and o(gg — h°) x T(h° — ~vv)

g i h g ¢ h
+
g g
w Y T Y
+
h h *
¥ Y

110 115 120 125 130 135
mpo (Gev)
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops in the Higgs searches [venon et al 09

...and o(gg — h°) x T(h° = vv) , BUT a(gg — h°%) x T(h°® — WW)?

g i h g ¢ h
+
g g
w Y T Y
+
h h *
¥ Y

110 115 120 125 130 135
mpo (Gev)
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops in the Higgs searches [curtin et al., 12, Cohen et al.,12]

...and o(gg — h°) x T(h° = vv) , BUT a(gg — h°%) x T(h°® — WW)?

Ay =0, mp = 125GeV
80 < m;/GeV < 115
tan 8 = 15

LHC data < 5 fb™*

g -
h g ¢ h
+
g
w ¥ T i
+
h L
¥ y

u= (o X BR)/(c X BR)gns

— &L 2 | 2
2 = =

VY Ve Yigr ZZ  WW_ 7T 17jvpr bbgp

R S U - N

o = = =
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Conclusions
Stops and Light Neutralinos [carena,G.N.,Quiros,Wagner,12]

LHC and EWBG in the Light Stop Scenario

Overproduction of weak boson vectors. Tension with data...

...but only under the assumption I'(h — inv) ~ 0 !

mye 2 O(1GeV) is allowed [H.K. Dreiner et al.,09,12]

L(h— xIx?) =

. Gpmzm

4m2, 3/2
avor M (1 - T%L> i1
gn11 = (N2 — tan Oy Nyq)(sin SNy, — cos BN14)
BRosyor (7 — x1x1) < 0.85(0.65)

[Djouadi et al.,12

Germano Nardini

Espinosa et. al.,12; atlas-conf-2012-170]
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Conclusions
Stops and Light Neutralinos [carena,G.N.,Quiros,Wagner,12]

LHC and EWBG in the Light Stop Scenario

Overproduction of weak boson vectors. Tension with data...

...but only under the assumption I'(h — inv) ~ 0 !

mye 2 O(1GeV) is allowed [H.K. Dreiner et al.,09,12]

Losucn(Z — x1x7) < 0.5MeV

[LEP]

Germano Nardini
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops and Light Neutralinos [carena,G.N.,Quiros,Wagner,12]

Overproduction of weak boson vectors. Tension with data...
...but only under the assumption I'(h — inv) ~ 0 !

mye 2 O(1GeV) is allowed [H.K. Dreiner et al.,09,12]

o Zimsbledecy

My = 200 GeV, tan 8 = 15,5,2 My = 200 GeV, M; = 20,30,40 GeV
160

110 \
0 10 20 30 40 50 2 4 6 8 10 12 14
My(GeV) Cta@Fr «=> «E> =
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Conclusions

LHC and EWBG in the Light Stop Scenario

StOpS and nght Neutralinos [carena,G.N.,Quiros,Wagner,12]

Overproduction of weak boson vectors. Tension with data...
...but only under the assumption I'(h — inv) ~ 0 !

o xBR
(e XBR)sm

o xBR
(e XBR)sm

(0 xBR) Point B
M,=200GeV =200 Gev'

I e A S R
— qILVV (ggF)
(VBR)

(o xBR) Point G
M,=200GeV  1=200 Gev

Germano Nardini

BR PointB
M,=200GeV =200 Gev
LBARR AN SRR ReRn sea e o/
P S
o [} — bb
O —%.f
E (=] T XaXy
S 1 - massx’H
i - mesx |3
j ]
o i3 - ' E
A ey
:
m.o  [GeV]
X1
BR Point G
M,=200GeV =200 GeV
“w
I R =% 0
g O = — xS
E - e
i S . - m&xﬂ
\

o [GeV]
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Conclusions LHC and EWBG in the Light Stop Scenario

Stops and Light Neutralinos [carena,G.N.,Quiros,Wagner,12]

Overproduction of weak boson vectors. Tension with data...
...but only under the assumption I'(h — inv) ~ 0 !

With light neutralino the LSS predictions are less restrictive

@ The ratios between the LSS channels are (almost) invariant

@ Diphoton channel through weak vector fusion is smaller than SM

(o xBR) PointG BR Point G
M,=200GeV  1=200 Gev M,=200GeV =200 GeV'

LA i R A R s T T
— aall.VV (ggF)

-~ qgll vV (VBR)

— Y(9gR)

-~ W(VBR

100

oxBR
(o xBR)sm

Dac
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Conclusions

Light Neutralinos as DM

For Mo =

LHC and EWBG in the Light Stop Scenario

35 —40GeV and ¢ gz11 =
correct DM abundance

~ (.05 lightest neutralino provides
. In such a case (with
M, = 200 GeV) the LSS prediction is stronger

m_+ >95GeV  Tosucr(Z — xIx1) < 0.5MeV

M, _556e\( N

. Mi=406Gev

4} L7/ S S A

12 | 12

10 10
N E
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Conclusions LHC and EWBG in the Light Stop Scenario

Light Neutralinos as DM [carena,G.N.,Quiros Wagner,12]

For m,o =35 — 40 GeV and gz, ~ 0.05 lightest neutralino provides
correct DM abundance [Venon et al.,04]. In such a case (with
M, = 200 GeV) the LSS prediction is stronger:

(o xBR) Path BG with Dark Matter BR Path BG with Dark Matter
M,=200 Gev' =200
T T T T T T 4 T T T g
— @IV @ % b v
=- agllLVV (VBF)| >~ :W
— YY(99F) O wof B ot Y )
= L Lowoen 1 Ele F R 0
0 [ mass ']
@~ = o
Mg E
X|M
bX
b
N

DA™
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Conclusions LHC and EWBG in the Light Stop Scenario

LSS and LHC

(in stop searches)
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Conclusions LHC and EWBG in the Light Stop Scenario

Looking for stops at LHC (with m, o = 65 GeV)

@ stop-neutralino coannihilation:

-
CDF Run |l Preliminary IL dt=2.6 fb

o I — Observed Limit (95% CL)
KE) L
% 120 = Expected Limit (+10)
.(2. L
T § 100 -
T 0 = L
2 sof
YA [ C
5 L
. 2 60f
< L
- N N <
Iy~ 1671'2 O( ) n;tl?t ) 40QmIEP 6= 560§ N cor 205 pb*
™o Q LEP§=0° B o2 995 pi
Al dlnn N il nallannllonal

60 80 100 120 140 160 180
Stop Mass [GeV/c?]

@ light gluino (already disfavored by EWPT) are excluded
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Conclusions LHC and EWBG in the Light Stop Scenario

Looking for stops at LHC (with m, o < 65 GeV)

‘

@ on-shell chargino Myt = 106 GeV, 2 opposite-sign e/u events
t — bxd (W*x?) [arXiv:1208.4305]:

S L00ET T T T T T T
D £ ATLAS s Observed imit (+ 105u0r) ]

Q B 90K J',_ dt=47 E=7Tev o Expected limit (+ 10,,,)

ét* B2 COF 95% Exclusion

Al limits 3t 95% CL
BR({ - bX’) = 100%
m(x;) = 106 Gev/

PRI AVENENEI AVAVETE? N S I A W

120 130 140 150 160 170 180
m; [GeV]

_’)QG
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Looking for stops at LHC (model dependent)

For my+ < mg,
@ ¢ — by (WxY) rules out m;, < 130# GeV

@ ¢ — by (tv,xy) (vialight 7/7;)  Allowed
For Myt > Mg
@ as above but with x; off-shell. Allowed

@ ¢ — ¢y (disfavored by Higgs searches)

If different channels have similar widths, more difficult
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Open questions (1)

In lattice simulations the phase transition is stronger than in
perturbation theory [Laine,GN,Rummukainen, to appear]

m&,: 7TeV, ﬁb: 70.5 GeV, m;: 126 GeV

20— —F——— 17—
15 s g
| latice .
~10 N B
=) ¥
> 2»I00p1
:
05 i :
i 1-I00pE
i g
i
| il . L
0075 80 85 920 95
T / GeV

A
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Open questions (2)

LHC and EWBG in the Light Stop Scenario

In UV extensions of the MSSM including triplet Y = +1 (and a

mixture of gauge mediation and gravity mediation), it is possible to

reproduce the LSS at low energy. It alleviates the hierarchy problem
and enhances the diphoton decay channel (there are extra

gauginos)[Delgado,GN,Quiros, arXiv:1201.5164, arXiv:1207.6596]
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Conclusions LHC and EWBG in the Light Stop Scenario

Condition 1: tanp <15

@ EDM: one-loop predominates (m = 10 TeV), roughly

de < dSP tan /15 (m ~10TeV)
@ BAU: fixing (h)r, /T, =1

Calculation strongly depends on details (M7, Ma, 11), but the
windows do weakly depend A T

— p=100GeV sng=1
8 — u=250GeV snp=1 H

H=100GeV sing =06

— pu=250GeV sing =0.6

Good choice: tan 5 < 15

1/MBBN

Very conservative: tan 5 < 5

T R N B R R T
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

tan 8
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Condition 2:

Conclusions LHC and EWBG in the Light Stop Scenario

Tg > T¢ + 1.6 GeV = T8p_,0p < Tp_,pws

Nucl: Sg/T ~ 135 End: Sg(Tf)/Tf ~ 110

™ 1050
|
4e+06- | —4e+06
/
,!l 4
/ 700~ g
2e+06|- / H2e06
B Col s
] / > O
S VA O I
b N 350 -
-20+06| 26406 [mimmimimimimimimimimimmimiTmimemimeT
L | L | | L | L Il n L L L L L | | n | n L |
150 100 50 50 100 150 200 925 T}f Tj 1265 Tg1215 128 12857
«t | h— ' T

@ AtT =TEWE —128.7GeV: Ssp—ewr and Ssp_,cp are infinite

(*]
(*]
(*]
[}

5 =
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LHC and EWBG in the Light Stop Scenario

Conclusions

T > Te+16 GV = T2 05 < Tip_pws

Condition 2:
End: Sg(Tf)/Tf ~ 110

Nucl: S3/T =~ 135

1050

I
—2e+06

V [Gev?]

—|-2e+06

L L L L | L | L L |
n ] C
T 1265 525 T128 12857

150 100 50 0
«t | h—

O AtT = TCEWB = 128.7GeV: Sspsrwp and Ssp_.cp are infinite

@ AtT =TSP =127.1GeV: Ssp_.cp too large and Ssp_,cp infinite

(=] F
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Condition 2:  Tf >T¢+1.6GeV = Tlp o5 < Tdppws

Nucl: Sg/T ~ 135 End: Sg(Tf)/Tf ~ 110

1050

| n L L n | | n | n L 1
%5 T,{ T 1265 T5127A5T128 12857

O AtT = TCEWB = 128.7GeV: Sspsrwp and Ssp_.cp are infinite

@ AtT =TSP =127.1GeV: Ssp_.cp too large and Ssp_,cp infinite
[*)

[m] [ =
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Conclusions LHC and EWBG in the Light Stop Scenario

Condition 2:  Tf >T¢+1.6GeV = Tlp o5 < Tdppws

Nucl: Sg/T ~ 135 End: Sg(Tf)/Tf ~ 110

1050

| n L L n | | n | n L 1
%5 T,{ T 1265 T5127A5T128 12857

@ AtT =TEWE —128.7GeV: Ssp—ewr and Ssp_,cp are infinite
@ AtT =TSP =127.1GeV: Ssp_.cp too large and Ssp_,cp infinite
[*)

O AtT = Tf =125.4GeV: Ssp_gwp = 110 and Ssp_cp > 135
[m] [ =
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Conclusions LHC and EWBG in the Light Stop Scenario

Metastability

Is the transition EWB—CB possible ? J

- - -0
4e+06-
5
% r ,//4-5e+07
206 3
% & "
o r S A1e08
2o N
- s -15e+08
20406} -|-2e+06
| L L Il Il Il Il -2e+08
1 100 50 _ 50 100 150 20 00 100 ~ 00 200
«—t | h— «t | h—

o = = E E

Germano Nardini Strong EW Transition in the MSSM-like param. space



Conclusions LHC and EWBG in the Light Stop Scenario

Metastability

Is the transition EWB—CB possible ? NO )

4e+06|- 1
B o7
2061 8
% =
3 -1e+08
= 0 -
- 150408
-2e+06-
| ! -2e+08
18 100 00 100 00 200
«~t | h—>

SewB—cp > 135

IT DOESN’'T DECAY !

| L
K 70 80 EY 100 110 120 T}'lb

Germano Nardini Strong EW Transition in the MSSM-like param. space



	Main Talk
	EWBG Introduction
	MSSM Light Stop Scenario
	EWPT and Baryogenesis at mh=126GeV
	4d T=0 eff. potential approach
	3d dimensionally reduced eff. potential

	Conclusions
	LHC and EWBG in the Light Stop Scenario



