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Outline

0 Model Description
@ Motivations

@ New operators
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Motivations for BMSSM

@ MSSM limitations

o fine-tuning problem
o light Higgs constrained m, < 135 GeV
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Motivations for BMSSM

@ MSSM limitations

o fine-tuning problem
o light Higgs constrained m, < 135 GeV

@ Natural extensions : NMSSM, U(1)’MSSM ...

@ Effective Field Theory approach h/H, Ay, H

M = 15TeV
1 1

K = Kussm+ MK(1)+WK(Z)+”'
1 1

W = Wussu+ W+ —w® 4

M M?

F. Boudjema, GDLR arXiv:1203.3141
Brignole et al . arXiv:0301121
Antoniadis et al. arXiv:0910.1100
Carena et al. arXiv:0909.5434
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Higher dimensionnal operators in the Higgs sector

@ Include only operators involving Higgs superfields Hy, Hz

@ Effective Field Theory expansion on K and W:

KoK+ 20 (f—/je"1 H1)2 + 2 (ng"zm)z

M2 M?
a ay
v (Hie" H1) (HEeVZHZ) + gz (Fi - HR) (Hh - Hp)
a a
+2 (Hie" Hh) (Hh - Ho+he) + 5 (Hie“He) (Hh - Ho + hc)

W—>W+%(H1  Hp)?
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Higher dimensionnal operators in the Higgs sector

@ Include only operators involving Higgs superfields Hy, Hz

@ Effective Field Theory expansion on K and W:

KoK+ 20 (f—/je"1 H1)2 + 2 (ng"zm)z

M2 M2
a ay
+V32 (I"1Tev1 H1) (Herevsz) v (Hi - Ha)' (Hy - Ha)
a
+% (Hjew H1) (Hy - Ho + h.c) + VZ (Hzfevz,_,z) (Hi - Hy + h.c.)

W—>W+%(H1  Hp)?

@ The effective coefficients can also have susy-breaking parts
2 72 * 272 2
ai—ajo + 0" msay + 0 msayy + 670 msap

G1—Cro + 0P MG

with ms = 300 GeV.
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Change in the lagrangian

@ Scalar Higgs potential

° Vuvssm =
12| Hy |2 + rfig? | Ho|2 + iyo® (Hy - Ho + h.c.)
V3 oy He

@ Only one non-trivial minimum possible
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Change in the lagrangian

@ Scalar Higgs potential

° Vmssm = ° Vemssm =
~ 2 2 ~ 2 ~ 2 ~ 2 2 ~ 2 2 ~ 2
My %\ Hy |2 + mp®| Ha|= + 2" (Hy - Ha + h.c.) My %|Hy |2 4+ mp® | Ha|= + mip"(Hy - Ha + h.c.)
_,’_%(912 + gg)u HA" + (%(912 + gg) + /\eff) "HA 4 Xeff" 6"

@ Only one non-trivial minimum possible @ Several minima possible
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Change in the lagrangian

@ Scalar Higgs potential

° Vissm = ° Vaussm =
1 ?|Hy |2 + rfig? | Ho |2 + miyo®(Hy - Hp + h.c.) 1i?|Hy |2 + 1fig? | Ho[2 + miyo®(Hy - Hp + h.c.)
+5(0% + g3 H + (3005 + GB) + e ) "H - Ny HE”

@ Only one non-trivial minimum possible @ Several minima possible

@ Minimisation :
o First vy, v determined from Mz, i3
e Then iny, iy, fy2 can be fully determined from vy, vo, My, using the tadpole condition.
o Finally Vgmssw is evaluted numerically to check that the point vy, v» is a global
minimum.
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Higgs Phenomenology

@ Main effect : my, goes up to 250 GeV.
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Higgs Phenomenology

@ Main effect : my, goes up to 250 GeV.

@ Couplings also affected
Uggﬁh/aggMah

99->h

0 A
80 100 120 140 160 180 200 220 240

mp, (GeV)

@ Generically 9%z ~ uuw
9hzz Ihww

G.Drieu La Rochelle (LAPTh)

SMm
over/over

0/0sm

80 100 120 140 160 180 200 220 240
m, (GeV)

0/0sm

SM
U'bb—>h/0'gg_>h

bb->higg->h

o R
80 100 120 140 160 180 200 220 240

mp, (GeV)

and the same goes for g,z, VS G-

BMSSM Higgses at 125 GeV

Implications of LHC results 2012
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Higgs Phenomenology

@ Main effect : my, goes up to 250 GeV.
@ Couplings also affected

SM SM SM
Ugg—>h/0'gg_>h over/over Ubb—m/agg—m

. 99->h A bb->higg->h

o/osm

3 3
2f 2

1§ 1 iR
0 o

80 100 120 140 160 180 200 220 240 80 100 120 140 160 180 200 220 240 80 100 120 140 160 180 200 220 240

mp, (GeV) mp (GeV) mp, (GeV)

@ Generically %2z ~ nww and the same goes for g5, VS Ghyu-
9hzz Ihww

@ But this was soon constrained by LHC searches (£ = 2.3fb~ ")

F. Boudjema, G. DLR
arXiv:1112.1434

mp, (GeV)
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@ Effective operators change g,;, (= Extreme case g5, = 0)

@ Enhance branching ratios in all over channels

4

3.5 q

SM
N
w
L

=
B, N O

Ogg->h/Tgg->h

o
o u

BRh-syy/BRh-syy M
@ Correlation with the gluon fusion

Ogg—h |At + X.Ab|2

o, " At AP

G.Drieu La Rochelle (LAPTh) BMSSM Higgses at 125 GeV Implications of LHC results 2012

-
<
—
=

8/20



Outline

@ Analysis
@ Parameter space

@ Input from experiments
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Parameter Space

@ MSSM free parameters {5 € [2,40] and My, € [50,450]

@ Stop sector
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Parameter Space

@ MSSM free parameters {5 € [2,40] and My, € [50,450]

@ Stop sector
= No mixing scenario

= Maximal mixing

° A)Mu3 = Md3 = Mq3 =400 GeV, A; =0.
o B)m; = 200 GeV, m; € [300,1000] GeV,
|sin26;] = 1.
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Parameter Space

@ MSSM free parameters {5 € [2,40] and My, € [50,450]

@ Stop sector

© A)Myz = Mgz = Mgs = 400 GeV, A; = 0. = No mixing scenario
° B)n”rt1 =200 GeV, S [300, 1000] GeV, = Maximal mixing
|sin26;] = 1.

@ All other superpartners are at Msor = 1 TeV, p = M> = 300 GeV.

@ Effective coefficients ¢, ataken in [-1,1].

e Suppression factors will arise as =0.
PP M M M
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Parameter Space

@ MSSM free parameters {5 € [2,40] and My, € [50,450]

@ Stop sector

© A)My3 = Mgz = Mgz = 400 GeV, Ar = 0. = No mixing scenario
° B)n”rt1 = 200 GeV, S [300, 1000] GeV, = Maximal mixing
|sin26;] = 1.

@ All other superpartners are at Msor = 1 TeV, p = M> = 300 GeV.

@ Effective coefficients ¢, ataken in [-1,1].

. . . M ms 4
o Suppression factors will ariseas| — = — =0.2 ~ —
PP M M M

@ Perturbativity check for 1m expansion.

@ Electroweak precision test (A, = A, ussm + #Ap eff)
@ Colliders Higgs searches applied to h, H, Ay and H™ (LEP/Tevatron/LHC)
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Input from LHC

@ Neutral channels are
VH — Vbb \ H—7r \ H— ww
H=2Z | Hovy | (H— vy +2jets)

@ For neutral bosons ¢ and each final state XX we define

_ Tpp—d— XX Exclusion __ Tpp—d— XX
Rxxo=—gr—— & Rxxe = = —gemer
Uppa(DaXX pp—d— XX
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Input from LHC

@ Neutral channels are
VH — Vbb \ H—7r \ H— ww
H=2Z | Hovy | (H— vy +2jets)

@ For neutral bosons ¢ and each final state XX we define

_ Tpp—d— XX Exclusion __ Tpp—d— XX
Rxxo=—gr—— & Rxxe = = —gemer
UPPH¢HXX pp—d— XX

@ Look for a signal (with Rxx ) in [122,128] GeV.

@ Apply exclusion (REFUSO" < 1) on all other Higgses

-
<
—
=

G.Drieu La Rochelle (LAPTh) BMSSM Higgses at 125 GeV Implications of LHC results 2012 11/20



Input from LHC

@ Neutral channels are
VH — Vbb \ H—7r \ H— ww
H=2Z | Hovy | (H— vy +2jets)

@ For neutral bosons ¢ and each final state XX we define

_ Tpp—d— XX Exclusion __ Tpp—d— XX
Rxxo=—gr—— & Rxxe = = —gemer
UPPH¢HXX pp—d— XX

@ Look for a signal (with Rxx ) in [122,128] GeV.

@ Apply exclusion (REFUSO" < 1) on all other Higgses

@ RBeuson are added in quadrature among all channels to determine whether the
point is excluded.
o RExclusion shows the sensitivity : e.g.
RExclusion — 0.5 = we need £ ~ 4 x 5 = 20fb~".
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Outline

9 Results

@ Signal features
@ Expectations for other signals
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Signal features : case of the light h

@ Enhancement in the h — ~~ channel

Ryyn

122 123 124 125 126 127 128 122 123 124 125 126 127 128
Mh Mh

@ Blue lines : 10 error band on ATLAS best fit.
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Signal features : case of the light h

@ Enhancement in the h — ~~ channel

4
3
=
z2
o
1
o - o
122 123 124 125 126 127 128 122 123 124 125 126 127 128
Mh Mh

@ Blue lines : 10 error band on ATLAS best fit.

@ Correlations between ZZ,v~ (inclusive) and yy+2 jets

A) B)
‘ ! A)m71 ~ My, ~ 400 GeV
3 3
% £ B)m; = 200 GeV, m; = 600 GeV
S S f ’2
! 7z ! 2z
YY + 2 jets YY + 2 jets
0 + 2l . + 2l
o 1 2 3 4 o 1 2 3 4
Ryyh Ryyn
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o Blue: Rzz, Red: Ry, 2jets-
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Signal features : case of the light h ()

@ Effect of the light stop loop

Ryy +2jets

o Black: Ry, =2.0 &+ 1%
e Red: R,, =2.0 + 10% m, € [300 — 1000] GeV
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Signal features : case of the light A (IIl)

@ How does the VH — Vbb behave?

14
1.2

1k
0.8
0.6
0.4
0.2

0 1 Il Il 1 58
0 051 15 2 25 3 35 4

R

Rbb h

I S

Yy h

@ Predictions not too suppressed, but strong correlation!
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Signal features : case of the heavy H

RyvH

122 123 124 125 126 127 128
my (GeV)

@ A parameter space more contrived : less points.
@ Similar features of the h case
@ The spread in the correlations has increased

zz ——
A\ 2jets‘
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R

Yy H
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Prospect for other signals : case of the light h

@ Signal from h : the 7 channel.

Exclusion
°
>
~

A)

Exclusion
Tt
°
>

o
122 123 124 125 126 127 128
my, (GeV) my, (GeV)
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Prospect for other signals : case of the light h

@ Signal from h : the 7 channel.

Exclusion
°
>
Exclusion
o
>

A)

of
122 123 124 125 126 127 128 122 123 124 125 126 127 128

mp, (GeV) my, (GeV)

@ The other Higgses have very low expectations in v, ZZ and WW channels

5 c
] H
E] 3
) 3
A @ a

g T

E N

& <

100 200 300 400 : 100 200 300 400
my (GeV) my (GeV)
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Prospect for other signals : case of the light h

@ Signal from h : the 7 channel.

<
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2
a

I

A)

°
>
Exclusion
Tt
°
>

N
122 123 124 125 126 127 128 122 123 124 125 126 127 128
mp, (GeV) my, (GeV)

@ The other Higgses have very low expectations in v, ZZ and WW channels

2
Rww H Exclusion

Rzz HExclusion

100 200 300 400 : 100 200 300 400
my (GeV) my (GeV)

@ There is more to see in the 77 channe

Exclusion

It does depend on i3
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My (GeV)

G.Drieu La Rochelle (LAPTh) BMSSM Higgses at 125 GeV Implications of LHC results 2012 17/20



Prospect for other signals : case of the heavy H

@ All Higgses in a light mass range

| IS SO
50 100 150 200
mpo (GeV)

@ The best prospects are in the 7= channel, again

1

Exclusion
°
®

T 04
£ |
@ 02 7T T an T e o« 02

°
>
Exclusion
Tt

0 0 P L
122 123 124 125 126 127 128 100 105 110 115 120 125 130
my (GeV) mp (GeV)

@ The chances in h — 77 are unaffected by the choice of scenario.
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Summary
@ The BMSSM framework can accomodate R, . 2jets > Ry, > Rzz.
@ |t could be either hor H.

@ Correlations among channels will be the most constraining information, since it

cannot be too flexible.
@ Signal of other Higgses are possible within the next run.
Outlook
@ Achieve a more precise use of LHC analyses on the SM Higgs.

@ See to what extent this can be related to the direct searches for the stop particle.
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VH — Vbb

0.8
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