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** Is the observed 125 GeV scalar at the LHC really the SM Higgs Boson ?

** Some BSM theories predict modified and extended Higgs sectors,
possibly with additional low-mass (<125GeV)scalars/pseudoscalars.

» General Two Higgs Doublet Model (2HDM):
= 2 Higgs doublets - 5 Higgs bosons : h, H, a, H*
= 4 types of models, main parameters : tanf3, o
= compatible with a 125 GeV SM-like scalar (h or H) + a light Higgs Boson (a or h)
in the "alignment limit“

» Next-to-Minimal Supersymmetric Standard Model (NMSSM):
= 2 Higgs doublets + 1 singlet superfields = 7 Higgs bosons : hl, h2, h3, al, a2, H*
" solves the known "u-problem” of the simplest SUSY model MSSM
= compatible with a 125 GeV SM-like scalar (h1 or h2) + a mostly "singlet-like"
light Higgs Boson (al or h1)




» Will present searches for a low-
mass (pseudo-)scalar boson with a
mass between 0.25 and 110 GeV,
with the Runl 8 TeV dataset.

> Search for a direct production “h+X->bb+X
(+ possibly additional objects) or a

Eair production from the decay of K& Pair production

1 * h,,:—> aa/hh = 4t

> vy, T, bb, uu channels 125 - aa/yDyD - 4u
s = aa —»> uubb

¢ > da = UUTT

» Scalar or pseudoscalar searches
experimentally equivalent
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» Range : [25, 80] GeV

> ut,, et and ep channels
» Exclusion of 2HDM type II:
exclude wrong-sign Yukawa
coupling and large tanf3
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produced in supersymmetric cascades via
neutralinos; masses of squark and gluino ~1 TeV
» X : at least 2 vey energetic jets + large MET
» Range : [30,100] GeV

» Exclusion of P4 CMS-HIG-14-030
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» Highly-boosted pairs of t

» Same-sign u from t

» 2 complementary analyses
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» NMSSM and Dark
SUSY scenarios

» Dark SUSY : Higgs

boson decays to "dark” 3 _

neutralinos and photon

> Search for events in
(my, ,, My, ) space, with
0.25<mw<3.55 GeV

lmy —my| < 0.13GeV/c? +0.065 x (mq +my)/2
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» NMSSM : BR(h = alal - uu bb) up to~2 x 103

> Range [25,65] GeV

» Fitin m distribution

» Exclude pseudoscalars with BR(h1 - alal - uu bb) above 103
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» General 2HDM+S scenarios (type Il at
high tanf3 and type IV at low tanf3 )

» Range [25,65] GeV

» 5 ttdecay channels : ee, ut,, et ey, 1,7,
» Fitin m  distribution

» Limits set for general 2HDM+S, and for
type Il and IV (good sensitivity)
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@ Several low-mass (pseudo) scalar searches have beeh'
performed with CMS Run-1 data in the mass range [0.25,110]
GeV, with both direct and pair production considered

@ No evidence for new particle production

@ 2HDM/NMSSM interpretations : parameter space regions
excluded, benchmark scenarios ruled out ...

@ All analyses are being continued in Run-2. Sensitivity to
BSM models will be increased.

@ Looking forward for new results ! .
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» Excellent performance of the LHC
machine and CMS detector in Run 1:

= ~90% of the delivered data
available for offline analysis.
= ~5fb1 at 7TeV + ~20fb! at 8TeV

» Challenging pile-up conditions

Average PU ~10 events in 2011 and
~20 events in 2012

CMS Integrated Luminosity, pp
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Systematics source Event category Type Impact
Normalization of tt Background rate 1.7%
Normalization of QCD Background rate 2%
Shape correction QCD Background shape + rate 3%
QCD shape parameterization Background shape + rate 1%
MC statistics tt Background shape + rate  1.3%
MC statistics W — v Background shape + rate 0.3 %
Luminosity Signal + Background rate 0.5%
Trigger Signal + Background shape + rate  0.1%
Pile-up Signal + Background shape + rate  0.1%
PDF uncertainty Signal shape + rate 0.2%
Oftline b-tag (bc) Signal + Background shape + rate  1.0%
Oftline b-tag (udsg) Signal + Background shape +rate  0.05%
JTES Signal + Background shape + rate 1.3%
JER Signal + Background shape + rate 0.1%
T energy scale Signal + Background shape + rate 0.6%
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Source Value Affected Tvpe Effect on the
sample P total yield

Statistical 2-14% bkg.  bin-by-bin -
uncertainties in C(z,]) -
Extrapolation o . .
uncertainties in C(i, ) 2-22% bks. bin-by-bin -
Integrated luminosity 2.6% signal norm. 2.6%
Ml’m’n ID and trigger 2% per muon  signal norm. 4%
efficiency
Track selection and o . . o
isolation efficiency 5% per track  signal norm. 10%
MC statistical 7-100%  signal  binby-bin  4-6%
uncertainties ’

Theory uncertainties in the signal acceptance
pr and pg variations 1% signal norm. 1%
PDF 1% signal norm. 1%
Effect of b quark loop :

300 - OO
contribution to gg — H(125) " signal ot 3
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T, Toe v 790 125 125
my, [GeV] 2 0.5 3.55

€im [%] | 1L0£01 211401 173401
dgen [%] | 159201 320£01 263+01
Caim/Mgen | 0.69£0.01 066001 0.66+0.01

Moy, [GeV] 0.25

CTyp [mm] 0 0.5 2 0

1.0
0.5 2

€sim [%] | 885+0.12 1764005 023+0.03 | 6.13+0.23
fgen [%] | 14324014 274006 031+0.03 | 8.89+0.28
€sim/0gen | 0.62£0.01  0.65+0.02 07440.13 | 0.69+0.03

473£0.07 1.15+0.04
6.98+£0.09 1.68+£0.05
0.68+0.01 968+0.03




Z/v*+ets (mgp > 10GeV) € (00) Other CMS-HIG-14-041
| Backgrounds || 210435 | 2241 | 3+1 |
Total 235+35
Data 252
my, = 30GeV | my, =40GeV | my, = 50GeV | m,y, = 60 GeV
Signal 1.18 0.972 1.11 1.49

19.7 fb™' (8TeV)
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1 [ pr >18 GeV, 3] < 2.4, 1,,; < 0.4, Loose PFID
102 T, < 0.4 Loose PEID, || < 24
pr >9GeV [ pr >5/9GeV | pr >9GeV | pr >5/9GeV | pr >9GeV
Te pr =7 GeV, [y < 25 MVA ID - -
T < 04 | T <04 | L <02
T - - pr > 15GeV, |y| < 2.3, Loose anti-i
Loose iso. Loose iso. Medium iso.
Loose anti-e | vLoose anti-e | vLoose anti-e
T - pr > 9/5GeV - pr =>9/5GeV -
] <24 1] < 2.4
Loose PFID Tight PF ID
I <04 I < 025
b-Jet veto No b-tagged jet in the event.
Lepton veto No additional identified and isolated electron or muon.
[imyyee — 125] < 25 GeV
[y — M| Iy < 0.8
AR between leptons =04
[mi5e — 125] >15GeV | -
Systematic uncertainty Relative change in yield
Signal | 77 | Reducible backgrounds
Luminosity 2.6% 2.6% -
Trigger 1% 1% -
Tau identification 0-12% 0-12% -
b-Jet veto 1% 1% -
Tau energy scale 0-10% 0-10% -
Electron identification 0-4% 0-4% -
Muon identification 2-4% 2-4% -
Signal prediction 10% - -
Signal efficiency 5-8% - -
PDF - 5% -
QCD scale VV - 6% -
ZZ statistics in MC - 1-15% -
Reducible background normalization - - 25-50%
Reducible background shape - - shape only
Signal modeling shape only - -
Muon energy scale shape only - -
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Couplings I II (NMSSM-like) III (Lepton specific) IV (Flipped)
= i . — T . — ahvy sin(f — o) sin(d — av) sin{ff — &) sin(# — «)
P Type-1 F cos o f sin 3 cos o f sin cosaf sin 3 cos o sin 3
= 107k 2HDM+S, m_= 40 GeV — Type-2 o g cose/ o N
= a ypP h Gk cosafsin —sina/cos g cosaf sin 3 —sina/cosd
aa—uutT —Type-3 _ _
T 102 T 4 Ohrs cosafsin @ —sina/cos —sinafcos 8 cos af sin 3
© arXiv:1312.4992 — lype- - -
o 3 gpovy cos(d — o) cos(§ — o) cos( 3 — a) cos(d — a)
el
m 10 GogF sin e/ sin 3 sinef sin 3 sin e/ sin sina/ sin 3
104 H ok sin e/ sin 3 cos o) cos 4 sin e/ sin cosaf cos 3
1% gporz  sina/sin 8 cos o/ cos 4 cosaf cos 3 sinea/sin 3
gAVY 0 0 0 0
1 0'6 A GT cot 3 cot 3 cot 3 cot 3
7 G Ank —cot 3 tan /3 —cot 3 tan 3
10 . . . .
GArF —cot 4 tan 3 tan 3 —cot 4
10®
Table 2. Couplings of the mass eigenstates of the neutral CP-even scalars i and H", and CP-odd
10.9 scalar A in the four types of ZHDM with a Z; symmetry. The table follows the convention of [44].
All couplings are normalized to those of the SM Higgs, and only the coupling to the heaviest SM
10_10 fermion with a particular set of quantum numbers is shown. Here tan 4 = {HJ) / (H,) and the
10—1 1 mixing angle o € (—7/2, 7/2) defines the admixture of Hy 5 that make up the mass eigenstates

h, H®. In the 2HDM+S setup, the couplings of the singlet-like pseudoscalar a are identical to the
tanB couplings of A, up to an overall mixing angle. The couplings of the singlet-like scalar s can be
obtained (again up to an overall mixing angle) from the h-couplings by replacing o — o', where the
free parameter o defines the mixture of Hy » that mixes with s (see [3] for details). The couplings
listed here can be used for the calenlation of the singlet branching ratios in the 2HDM4+5, as

CMS-HIG-1 5-01 1 additional mixing angles drop out. JHEP06(2015)025

The branching fractions of the pseudoscalar a to SM particles depend on the model. In2ZHDM+S5

type-1, the couplings of the pseudoscalar to fermions are SM-like; whereas in 2HDM+S type-2
(next-to-minimal-supersymmetric-SM-like), they are suppressed for down-type fermions for

tan p < 1 (and increased for tan p > 1). In ZHDM+S type-3, the decays to leptons are enhanced

with respect to the decays to quarks for tan § > 1, and in 2HDM+S ty pe-4, the decays to up-type 25
quarks and leptons are enhanced for tan f < 1.



ATLAS results

H->vy

Rhys. Rev. Lett. 113, 171801

60 80 100 120
= i T SRR T O R |
1?.‘ 10" — Observed upper limit ATLAS
o F ---- Expected upper limit h — aa — 4y
x B m, = 125 GeV
'é* i Vs = 8 TeV, 20.3 fb”
;:r 1072 3 95% C.L. upper limits
& - m,, resonance search
a N m,-dependent width
._-,ibi i

1035—
B 125'9 aa 9 4}/

10*g Eur. Phys. J. C 76(4), 1-26 (201
o i1 I | I | | I i i '] I L1 i § I

10 20 30 40 50 )
m, [GeV]

10

160
S m.=m, =125 GeV 3
- ATLAS —— Observed 95% CL 5
E=8TeV, 20307 Median Expected 95% GL

Bl tfio
t2a

hy,s > aa > pyrr :
i Phys. Rev. D92 (2015) 052002 |
4 5 6 7 82910 20 30 40
m, [GeV] 26



