Higgs boson decay In yZ In the
NMSSM




Outline

e |Introduction

- Higgs boson discovery
- Standard Model
- MSSM,NMSSM

* Higgs boson decay in yZ

- Effect of charginos
- Effect of sfermions



Higgs boson discovery

o 4th July 2012 : Announcement of the
discovery of a new particle at LHC

e A scalar boson with a mass of 125 GeV,
predominantly CP-even

e 8th October 2013 : Nobel Price for Peter
Higgs and Francois Englert

but... which Higgs boson ?
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Standard Model

* Higgs boson : last piece of this theory
« Experimentally very well verified

* But do not explain everything :

- Hierarchy problem
- Neutrino Masses

- Quadratic divergence of radiatives corrections
to Higgs boson mass

— Dark matter
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Standard Model : quadratic
divergence of m:,
* Yukawa potential : —A Hf f

/
H O
—|h[
Amz 8752 A%N+

. But m,=125GeV...
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|dea

 New scalar particle with the following
interaction Lagrangian : —A |H[|S[

A
A== A;
G

. —In
« Compared with:  Amj,= 8|ﬂf2| Ay +...
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|dea

 New symmetry relating bosons and fermions
and implying  Ag=[n [

E Supersymmetry !

 Fermionic degrees of freedom = bosonic
degrees of freedom

» Particles and superpartners are degenerate
=) SUSY has to be broken !
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MSSM

 New zo0o0 of particles :

Standard particles SUSY particles
ug et _}
g, S b

Sauarks 3 Sloptons SUSY force
o @ sus

T l-} 2 Higgs \Qosons here !



MSSM

» Neutralinos : mixing of H°, 1% B® W°
h Possible solution of dark matter problem
» Charginos : mixing of charged gauginos and
NIggsIinNos
» Unification of coupling constants at some very
nigh scale
b Hint for a Grand Unified Theory ?
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MSSM

2 Higgs doublets H, and H,
IfFHfgyf-j = HH!LHd

* ulIs a new undesired scale : so called u-

problem 'rr.i..""ffd — tan* fm¥ y

:Ué o —2'11,2 —|— 2

tan? 3 — 1

* A solution : introduce a new gauge singlet
Higgs superfield S == NMSSM

A 7 A P
Whiggs = (1 + AS)Hu.Ha + €p5 + 34'S" + 35
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NMSSM

. Inthe Z, invariant NMSSM : 1= ji' = &p =0

ER Y ~, ﬁ: A
/ ,-"T i I.i
W sc.inv ‘:\SH'EL'H{I 1 %S

* Since <S>=s, new effective y-term :
feff = AS

... U-problem solved
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NMSSM

 Extended Higgs sector :
3 CP-even Higgs bosons h,,h,,h,
2 Pseudoscalars A, A,
« 2 charged Higgs bosons H*
 h, or h, could be the one observed at LHC

— If hl Is gauge singlet, it avoids all
constraints and can be very light
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NMSSM

 Advantage of the NMSSM : easier to get a
Higgs boson with a mass of 125 GeV

o - . 3 ; m? X2 Y2
MSSM mﬁ mitrua{?d)—l— ,m,: {111 S R (1— !)]

F)
m; My

- -~ ' f) i ) Batain -
NMSSM ' m} =m} 1r00n + A0 sin*(23)

* Important to investigate the properties of
Higgs boson since there could be large
deviations from SM expectations

Which signature for yZ channel ?
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Higgs boson decays

* Analyses of different decay channels for a
given model

 Comparison with Standard Model
expectations

» Already measured channels : H-yy, bb, t1,...

 Future channel : H-yZ

== Need of precise calculation of this partial
width

04/12/2013
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Higgs boson decays

I I I I I | I
ATLAS 2011 -2012 = 1260 GeV

W,Z H — bb R
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-.E BTaV: |Ldt=5815" ;

Y= = ?TEUTLI:II 4sfb‘ D ——
Ys=8TeV. jLI::It 59 o' :

H— zZ" — 4

Yo = 7 TeV: {Lclt 481" _i_._
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i
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Higgs boson decays

CMS (Vs=7TeV,L=5.1fb" \s=8TeV,L=5.3fb"

mH=125.5GeV

H— vy e

H—- ZZ =l

H—- WW ——

H— 11 =

H— bb — B —
III|IIII|IIII|IIII|IIII|II

-1 0 1 2 3
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Higgs boson decays

 Future channel : H-yZ
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H-vyZ : Standard case

[(H = 72)1256ev = 6.27- 107°GeV
BR=154-107"

wp If there are other new particles in the loop, it will
change this value (like for yy channel)
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H-yZ

* One loop Feynman diagrams with the
following particles in the loop :

W, Db, t

e Charged Higgs

e Charginos

e Sfermions (stops)

* Only one public code : NMSSMTools
(Hugonie, Ellwanger)

...but some of the loop contributions have
been omitted in NMSSMTools

04/12/2013
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H-yZ : with SloopS

* A code for the calculation of loop diagrams In
SUSY (Boudjema, Baro, Semenov, Chalons)

* Lanhep : specification of the model and
generation of counterterms

* FeynArts : creation of topologies of loops

 FormCalc/Loop
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ools : computation of loop
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H-yZ : effect of charginos

* Only diagonal contributions taken into account
IN NMSSMTools

but the vertex Zy,x, exists

— negligible contributions ?
* Charginos mass matrix :

( :'urg ()‘3 Uy, )
gaUqg Hegf

- Scan over parameters u, M, and t;

tan ()=
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H-yZ : effect of sfermions

e Contributions of sfermions not taken into
account In NMSSMTools

» Stops masses can be sufficiently light to give
non neqliqible contributions

mr{ Ty T h, ), — (’f,a,i — :j)q‘ he(Ag, — ,Mﬁ.”?hj)
( hi(Agvy — fesva) rnQ + hivd + (v2 —v3) (g + L}E))
e Since ht is big, important mixings between
stops
=) Scan also over A;,m? 5, M?y,
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H-yZ : Sfermions and charginos

* What happens if we take both effects into
account ?

* |s there a compensation, since charginos are
fermions and sfermions are scalars ?

F(hi — ’}/Z)with Zx1Y2 and sfermions

F(hz — WZ )withaut 7x1x2 nor sfermions
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H-yZ . Sfermions and charginos

1.1
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H-yZ . Sfermions and charginos
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Zyt2

without sfermions nor

Y Z))

h ->
2

(I'(h,->y Z))/(IT°(

1L

!
od

N

. Sfermions and charginos

1.8
- 3
1.6—
1.41— !
: ™
1.2— ¢
[ * %
1 - .? ® o ee® e ¢ e
0.8—
0.6 :
B 1 1 | I ] 1 ] | ] 1 ] I ] ] 1 | 1 ] ] I ] 1 ] | 1 ] 1 | ] | ] I ] ] | I ] 1 ]
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Sh,,



Conclusion

* The effect Is quite small (<10%), except when
the Higgs boson is predominantly singlet

— In this case the partial width is suppressed.

* Theoretical imprecision lower than
experimental one (at least for LHC)

— we don't really need to take these effects into
account... for the moment !

04/12/2013 29



04/12/2013

Questions ?
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