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BSM physics in the scalar sector:

e Test the discovered

scalar boson at 125 GeV:
- Is Higgs deviating from SM ?

= measure H(125) properties
- Exotic decays of the H(125)
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e Search for more scalar

bosons

= Various BSM models are
predicting more than 1 scalar

boson



Outline:

e High mass searches:

-~ combination of run I high mass searches
-~ high mass searches @ 13 TeV

e Searches for exotic decay of the Higgs @ 13 TeV:
—~ Higgs to Invisible
- Lepton Flavour Violating decay
- H(125) to light pseudo-scalars
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Combination performed in benchmark model
e 2HDM:

- addition of a Higgs doublet with the same quantum numbers than the SM one
- 5degrees of freedom in the scalar sector: 2 scalars (h, H) + 1 pseudo-scalar (A)
+ 2 charged (H*, H")
- 2 main type of models:
* type-I, the SU(2)1. doublets couple to both up- and down-type fermions
equally
* type-II, one doublet couples exclusively to up-type and the other
exclusively to down-type fermions
- benchmark constrain on the parameters :

Parameter Value (type I or type II) 11 Parameter space chosen
my, 125.09 GeV i \
. per 4100 GeV where different searches
Mg mp + 100 GeV are complementary and |
cos(p —a) 0.1 - theoryis consistent |
m3, max(1 — tan $72,0) - 5 sin(2B) (m% + A50?) S REES—

e MSSM:

- type-II: fermion-boson symmetry fixes all mass relations between the Higgs
bosons and the angle a, at tree-level

- when my, fixed — 2 parameters left free: ma and tan 3



Constrains from H(125)

CMS measurements of H(125) couplings strongly constrain heavy scalar sector
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Heavy Scalars: Run 1 Summary

Direct searches in benchmark 2HDM:

CMS Preliminary <51 fo" (7 TeV) + <19.7 b’ (8 TeV)
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Heavy Scalars: Run 1 Summary

MSSM constraints from direct searches :
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Heavy Scalar 13 TeV

2.8 (13 TeV)
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MSSM ®—-T11 at 13 TeV

e Production = gg® and bbar®

e Combine TeTy, TITh, ThTh and T,T, channels

- branching fraction of the neutral scalars (®) in Tt varies from 5 to 10% in the (ma,tanf3)
phase space probed by this analysis

e Event categories using multiplicity of b jets and pr of ™ enhance sensitivity
e Interpretation in MSSM (ma tan[3) parameter space with Msusy =1 TeV in

2307 (13 TeV) 2.3 (13 TeV)
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e Also Model-independent limits: exclude o x BR(tt) > 30(20) pb @ mo =
90 GeV down to 40(30) b @ 1 TeV for ggH (bbH).




Heavy Scalar 13 TeV

H->Z(11)A(bb)

2.3fb" (13 TeV)

2HDM with inverted mass hierarchy (light A) 510°
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X—hh: 13 TeV

2.7 (13 TeV)
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Searches for exotic decay of the Scalar Boson:

12



Higgs to Invisible

e Possible in a wide range of models

(for example neutralino in susy models)
q
q q

g g
wz'z, o
W/z . , 0-2.3fb" (13 TeV) + 18.9-19.7 fb™ (8 TeV) + 0-4.9 fo™" (7 TeV)
q q q % 1 85_ 95% CL limits CMS
. . ’\;: 1'65_ —— Observed I.im.it Preliminary
e Combination of several £ et
. 1.4— xpected limit (1o
channels tagglng the H = 12f- Expected limit (20)
production: o i
- VBF H(inv.) 081
- Z—ll H(inv.) 08
- Z—bb H(IHV) 0.4
— Monojet + V(had.)Htagged o | |
¢ Final state= production
tagging + MET
— main background = Z+jets (+ ttbar for Result for mn=125GeV/c3:
Z—bb) 32% (exp. 26%)

VBF only : 48% (exp. 32%)
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Lepton flavour violating decay:

e forbidden in SM but allowed by many BSM models
- Higgs doublet, composite Higgs, Randall-Sundrum models

e H—em, H—eTy,

e H—um, H—=ute

PLB 749 (2015) 337 |

ut, 0 Jets
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different kinematic
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Lepton flavour violating decay:

e H—pm, H->pute 13 TeV

CMS rreiiminary 231" (13 TeV)
I E :I I I I | 1 1 1 1 I I 1 1 1 | I I I I I I 1 I I
ue 0 Jets :
4.17% (exp.) : e Observed
4.24% (obs.) !
leh ; 1 Jet X Expected
4.8%‘)/0 (exp.) E - - + 1 std deviation
6.35% (obs.) | [ ] +2 std deviation

ut , 2 Jets
had
6.41% (exp.)
7.71% (obs.)
ut, 0 Jets

2.24% (exp.)
1.33% (obs.)

— ; 8 TeV [Phys. Lett. B 749 (2015) 337]:— 2 O 15 :
Observed observed limit =
------- Expected

P - 1.20% (eXpo 1063)

put, 1 Jet

4.36% (exp.)
3.04% (obs.)

T, 2 Jets

7.31% (exp.)
8.99% (obs.)

H-ut
1.62% (exp.) !
1.20% (ObS.) | | | N R

3
0 5 10 15 20 25
95% CL Limit on Br(H—ut), %

2015 data not enough to conclude: More data needed !
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Lepton flavour violating decay:

e constraints on Yukawa couplings: "
B(H — (*“F) =
T(H — (*0B) + Ty
Mu=125 GeV (H = £408) = 28 (Yip0 P+ [V )
— LUP) = — o) ? A | Ypags |
T'sm = 4.1 MeV g

-

|

ﬁAs-IG- 14-040 |

| CMS-PAS-HIG-16-005

|

CMS Preiiminary 23" (13 TeV)

CMS preiiminary 19.7 b (8 TeV)

CMS Preliminary 19.7 th" (8 TeV)
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observed constraint: o
\/ Yye|? + |Yeu|? < 316 x 1072 Naturalness limit: Yinji < mimj/v2
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H(125) > a1 a1: 8 TeV

19.7 fb” (8TeV)

—~ 40
9 b H — al al — !J'ubb &% N -ExpectediZG CMS
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= r
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e 5 different 1t decay modes
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’0.10
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0.05 ¢ |muu'tt‘125| < 25 GeV
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000 — L.
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H(125)—aja4: 2HDM+S summary

hlps://twiki.cern.ch/twiki/bin /viewauth/CMSPublic/SummaryResultsHIG

a1 couplings to fermions depend

on model type and tanf3 Sensitivity to B(h—aa) in Type-3

and -4
Type-1 and -2 limits are ~indep. of tanf3
o 03 ) 19.7 b (8 TeV)
19.7 fb (8 TeV) © v o, ' ' .
C\IA 1 1 | |l 1 | ] I | ] II i i } g | :
gz 107 CMS _J T 2HDM-+S type-3 -
; = 2 .
T Preliminary \ - 5 10 \ =" ob -?
i \ | oc =
m 1 - o0 -
X 5 X 10
(o) Z | =
T o5 L 2HDMss | % B o
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= = C s 3
a 8] h—aa searches - 3 7 - i
X 10° h—aa—spytt (HIG-15-011) 2y -
c| 2 —— h-saa—uubb (HIG-14-041) ('g 10" //// 2 _/__/__
©lo — hoaa—twrt (JHEP 01 (2016) 079) % h—>aa—>u|.1‘c‘c (HIG-15-011) 3
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o I expeCted D Observed 1 1 1 1 I [ 1 [ 1 I [ 1 1 [ ] I 1 [ 1 1 I [ | 1
% 10-8 [ L L1 111 I L [ L L1 111 I 1 2 3 4
» 1 10 t
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hlps://twiki.cern.ch/twiki/bin/viewauth/CMSPublic/SummaryResultsHIG

Conclusion:

e CMS searches for BSM scalar sector at 13 TeV in LHC Run 2

are well under way

- Sensitivity with 2015 data (2.1fb-1) already comparable with sensitivity from
Run 1 dataset

e In 2016, CMS and the LHC are performing very well !

- More results with come soon !
CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-06-16 02:25 UTC
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2HDM

hUU hDD hEE HUU HDD HEE iAU~U iADy,D iAE~y.E
Typel | §85 8§ SnF Snp  smp  smp —ootf  cotf cotf
Type Il | G55 —555  —tos§  smd  cos§  cosy  —Cotf  —tanf  —tanf
Type X | §85 8§ —tess  md  snp  cos§  —Cotf  cotf  —tanf
TypeY | §6 -39 ¢ Sag 24 e —cotf —tanf cotf
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