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Introduction
°

Motivations

@ Is the 125 GeV new scalar really the SM Higgs Boson ?
@ Some BSM theories predict modified and extended Higgs sectors, possibly with
additional low-mass (<125 GeV) scalars / pseudoscalars.
@ General 2HDM :
@ 2 Higgs doublets — 5 Higgs bosons : h, H, a, HE
@ 4 types, main parameters : tan 3, a
@ compatible with a 125 GeV SM-like scalar (h or H) + a light Higgs Boson
(a or h) in the "alignment limit"
@ MSSM :
@ simplest supersymmetric model (2HDM type II)
@ low-mass (pseudo) scalars disfavoured within this model
@ NMSSM :
@ 2 Higgs doublets + 1 singlet — 7 Higgs bosons : h1, hz, h3, a1, a2, H*E
@ solves the "p-problem" of the MSSM
@ compatible with a 125 GeV SM-like scalar (hy or hz) + a mostly
"singlet-like" light Higgs Boson (a1 or h1)
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Introduction
°

Outline

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

@ Search for a direct production (+ possibly additionnal objects) or a pair
production from the decay of hizs

@ v, 77, bb, pup channels

@ Scalar or pseudoscalar searches experimentally equivalent

0 Direct production
o h— vy
@ a-+bb— 77+ bb
oh+X —>bb+ X
© Pair production
) h125 — aa/hh — 471
@ hiss — aa/’YD'yD — 4y
® hips — aa — uubb
® hios — aa — puTT
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Direct production
°

CMS-HIG-14-037
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Direct production
°

a+ bb— 77+ bb CMS-HIG-14-033
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Direct production
°

h+X — bb+ X

a b

NMSSM scenarios : "NMSSM P4" : high
BR(h1 — bb), M~ = 1 TeV; "decoupled

squarks" : M; < M2 < M3 <1TeV

h1 produced in supersymmetric coloured
cascades

X = high hadronic activity + high MET
Range : [30,100] GeV
Signal : h1 resonance + non-resonant SUSY

Exclusion of P4 scenario

enoit Courbon Low Mass Higgs

Events/(10 GeV)

(Data-Pred)
Pred

o x BR (pb)

CMS-HIG-14-030

19.7 o' (8 TeV)
T

T T
30-CMS = Observed
Preliminary W+ jets
[ QCD multijet prediction
[COW— b +jets
[I2Z° v +jets
syst. + stat. uncertainty
(m =65 GeV, NMSSM P4)
..... SUSY (non-h,, NMSSM P4)

2! 00
m,, (GeV)
CMS Preliminary 19.7 fb”' (8 TeV)

T T

16 smmene LJMSSM P4 (QLGDry)
—e— observed upper 95% CL limit
—— expected upper 95% CL limit NMSSM
12[- [ expected upper 95% CL limit (1)
expected upper 95% CL limit (20)

1 L L Il 1
0 40 50 60 70 80 90 100
m, (GeV)

/12



Pair production
°

hios — aa/hh — 4t

1l ted 2]
L ol

@ Highly-boosted pairs of 7 T
nF feF /BT
@ Same-sign u from 7
e
@ 2 complementary analyses s
e T ST BT T
o Lorentz-boosted ¢ states

bi

CMS-HIG-14-019
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@ Pairof 7 = 1 p + 1 track @ Pairof 7= 1pu+ 17,
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Pair production
°

hios — aa/~vpyp — 4p CMS-HIG-13-010
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Pair production
.

hips — aa — pubb CMS-HIG-14-041

@ NMSSM : BR(hy — aja1 — pubb) up to ~ 2.1073
@ Range [25,65] GeV

@ Fit in my,, distribution
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Pair production

hios — aa — puTT

0.25 19.7 157 (8 TeV)
o 0.2 T T T T
. . E cMs ——Observed ]

@ General 2HDM+S scenarios (type Il at high 1 iy - Expected ]
o [ + 16 Expected ]

tan 8 and type IV at low tan j3) x Combined 1+ 20 Expected]

@ Range [25,65] GeV Los ]
a ]
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h1p5 — aa comparison

@ Comparison of 47, 4y, pprT channels

@ General 2HDM+S framework =, using

[0 = jun) _ m2/T= @y /ma)?
F@—r ) m2y/i(@m/m)

Pair production
°
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Conclusions
°

Conclusions

@ Several low-mass (pseudo) scalar searches have been performed in CMS during
run | in the range [0.25,110] GeV

@ Both direct and pair production considered

@ Low-pT object reconstruction can be challenging

@ No evidence for new particle production

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

@ All analyses are being continued in run Il, with several improvements : new
triggers, final states, production modes ...

@ Sensitivity to BSM models will be increased, looking forward for new results !
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Back-up

LEP excess @ 98 GeV
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Back-up

h — ~~ : Data / MC comparison
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Back-up

h — ~~ : Background model

Courbon
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Back-up

h — ~~ : Systematics

Sources of systematic uncertainty Uncertainty
Barrel Endcap
Photon preselection efficiency 1.0% 2.6%

Photon identification BDT distribution | =£0.01 (shape shift)
Photon energy resolution distribution | £10% (shape scaling)

Sources of systematic uncertainty | Uncertainty
Integrated luminosity 2.6%
Vertex finding efficiency 1.02%
Trigger efficiency 1.0%

Event Class | p (GeV) | Apga (GeV) | Apaaa—nacy, (GeV) | Apnicy, mcy, (GeV) | Apya (GeV)
0.64 0.40

1] 89.9 0.3 0.81
1 90.6 0.2 0.64 0.40 0.78
2 89.6 0.1 0.64 0.40 0.76
3 89.24 0.08 0.64 0.40 0.76

Event Class [ o (GeV) [ Acuiat(GeV) | Adyara micy [(GeV) [ Aoncy, mcy (GeV) [ Agia [ GeV)
146 1.70

0 15 0.3 2.26
1 18 0.2 146 170 2.25
2 1.8 0.2 146 170 2.25
3 3.22 0.08 1.46 170 2.24
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Back-up

a+ bb — 71 + bb : Systematics

Systematic uncertainty
Systematic source
HTh €Ty ej
Integrated luminosity 26% 2.6% 2.6%
Muon ID/trigger 2%  — 2%
Electron ID/ trigger — 2% 2%
Tau ID/trigger 8% 8% —
Muon to tau misidentification rate 30% — —
Electron to tau misidentification rate | — 30% —
H b tagging efficiency 1-4% 1-4% 1-4%
5 b mistag rate 1-9% 1-9%  1-9%
= EF™ scale 1-2% 1-2% 1-2%
E Z/7* — 7T normalisation 3% 3% 3%
z Z/%9* — 77 low-mass normalisation | 10%  10% 10%
QCD multijet normalisation 20%  20% —
Reducible background normalisation | — — 30%
‘Wets normalisation 30%  30% —
tt cross section 10%  10% 10%
Diboson cross section 15%  15% 15%
H— 77 signal strength 30%  30% 30%
_ Underlying event and parton shower | 1-5% 1-5% 1-5%
3 Scales for A boson production 10%  10% 10%
é PDF for generating signal 10%  10% 10%
NLOvs. LO 20%  20% 20%
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Back-up

h+ X — bb+ X : Signal model
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Back-up

h+ X — bb+ X : Exclusion limits (model independant)

@ Signal Model : h; resonance only J

CMS Preliminary 19.7 fb' (8 TeV)
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Back-up

h+ X — bb+ X : Exclusion Limits (decoupled squarks)

CMS Preliminary 19.7 fo' (8 TeV)
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Back-up

h+ X — bb+ X : Systematics

noit Courbon

Systematics source Event category Type Impact
Normalization of tt Background rate 17%
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 — fv Background shape +rate  03%
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%
Offline b-tag (bc) Signal + Background shape + rate 1.0%
Offline b-tag (udsg) Signal + Background shape +rate  0.05%
JES Signal + Background shape + rate 1.3%
JER Signal + Background shape + rate  0.1%
T energy scale Signal + Background shape + rate 0.6%

Low Mass Higgs
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Back-up

hios — aa/hh — 41 (HIG-14-019) : (m1, my) distribution

@ (my, mp) distribution binning

)

@ (my, my) distribution bins
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Back-up

hios — aa/hh — 41 (HIG-14-019) : Systematics

- Affected Effect on the
Source Value Type .

sample ’ total yield
Statistical o . .

14 o -by-b —
uncertainties in C(i, f) 214% bkg bin-by-bin
Extrapolation o . .

. — o -by-b: _
uncertainties in C(i, j) 22% bkg bin-by-bin
Integrated luminosity 2.6% signal norm. 2.6%
Muon ID and trigger
efficiency o0 2% per muon  signal norm. 4%
Track selection and .
i%ohti;n efflicil;n?\ 5% per track  signal norm. 10%
5014 y
MC statistical - . .
uncesrtailnt;;s 7-100% signal  bin-by-bin 4-6%

Theory uncertainties in the signal acceptance
pr and pg variations 1% signal norm. 1%
PDF 1% signal norm. 1%

Effect of b quark loop

ibuti = 3% signal orm. 30,
contribution to gg — H(125) g sign norm )
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Back-up

hi2s — aa/hh — 47 (HIG-14-022) : Background control regions

@ Low MT @ High MT

trigger Y .
PRRellso | @ e trigger | T
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0124 o
trigger 4,
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® Drell-Yan + jets
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 Divet fkes, incl HF jets : | @ Drell¥an
with me{ d:ays‘ ) = ® W(incl.top) + HF jets : | ® W(incl.top) + light jets
© Dijet fakes,incl. HF jets with leptonic decays
@ Signal events (mysx = 4 ‘with leptonic decays A:signal region * W(incl.top) + HF jets with
Gty B & . f ' PRI I leptonic decays A:signal region
: bkg control region .
& andWH B: bkg control region
Tx iso (Ge' .
! 5 Txiso (GeV) Tx iso (GeV)

v
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Back-up

hios — aa/hh — 41 (HIG-14-022) : Signal vs background

10

Events / bin

s CMS Simulation Preliminary 197 o' (8 TeV) 1 CMS Simulation Preliminary 19.7 o' (8 TeV)
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Back-up

h1os — aa/hh — 41 (HIG-14-022) : Exclusion limits
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Back-up

hios — aa/hh — 41 (HIG-14-022) : Systematics

Uncertainty Magnitude

Mr <50 GeV/c2 Mt > 50 GeV/c?
Luminosity 2.6% 2.6%
HLT (0.2-4.2)% (0.2-4.2)%
Trigger muon [D 0.5% 0.5%
Trigger muon isolation (0.2-3.8)% (0.2-3.8)%
Trigger muon lepton isolation 10% 10%
Tau muon [D 1.5% 1.5%
HPS tau ID 6% 6%
HPS tau charge mis-1D -1%/+2% -1%/+2%
Background model -84%/+78% -59/4+61%
b veto <9.4% <8.5%
M scale <4.2% <9.3%
VBF extrapolation 23% 25%
ZH extrapolation 19% 24%
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Back-up

hios — aa/~vpyp — 4p : Exclusion limits
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Back-up

hios — aa — puTT : Event selection cuts

| [ et | meny [ prmen | ppmoe [ oo ]
[ Jad) | pr >18GeV, [y < 2.4, I, < 0.4, Loose PFID |
2 I, < 0.4, Loose PFID, [ <24
pr >9GeV [ pr >5/9GeV [ pr >9GeV [ pr >5/9GeV [ pr > 9GeV
T pr >7GeV, [y] < 2.5 MVATD - -
Ta<04 | T,<04 | T,<02
(7 - - pr > 15GeV, [y] < 2.3, Loose anti-p
Loose iso. Loose iso. Medium iso.
Loose anti-e | vLoose anti-e | vLoose anti-e
T - pr > 9/5GeV - T > 9/5GeV -
|y <24 || <24
Loose PF ID Tight PF ID
L <04 Ig <025
b-Jet veto No b-tagged jet in the event.
Lepton veto No additional identified and isolated electron or muon.
[mppre — 125] < 25GeV
[y — mee|limyy < 0.8
AR between leptons >04
imges. —125] > 15GeV -
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Back-up

hios — aa — pputT : Data vs MC
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Back-up

hios — aa — pputT @ Signal and background model

1070 6TV 1071 @ Toy)
5 ey o —————

S — Red. companent S ) P 27 component  — Red. componant
3 R L -

H 3383 s "[3F

& 3 R

ER I I SR N NN

E
m,, (GeV) m,, (GeV)
107" 0Toy) 1971 Tov)
3 oM —semamen  — oo 3 oM smmen  — wmos
8 o} P o Comonen — e component G o} Fen gz component — Rea.component
G |mg ok ey > observaa R T O N—
£ oMY Pl £ N
3 3 $33 3 13 3
H
g o3 EEI [ H
m, (GeV) ™, (GeV
197" 8TeY 19718 oY)
3 [oMs  —sewmew  — emoum s WL o — g mas
G 1} B g comoonent — Rad.camponent 8 FIBIMNY 22 companent  — Red. component
G | it g ooy —» Opmered < [ —
2 o o : S [ cominaton
S H H 2
@2 H i §
I

enoit Courbon Low Mass Higgs 20 / 27



Back-up

hios — aa — pputT : Exclusion limits
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Back-up

hios — aa — pputT @ Systematics

Benoit Courbon

Systematic uncertainty Relative change in yield
Signal ZZ | 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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Back-up

hi2s — aa — pprT : 2HDM+S type 4 ("flipped") interpretation
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Back-up

hi2s — aa comparison : 2HDM+S type 4 ("flipped") interpretation
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Back-up

ATLAS results : h — vy Phys. Rev. Lett. 113, 171801
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Back-up

ATLAS results : hips — aa — 4~

w L e e e s
& 10" — Observed upper limit ATLAS -
J; E - Expected upper limit h — aa — 4y E
S E " 3]
8 T B m, =125 GeV ]
T T (s=8TeV, 203" |
Er, 107 95% C.L. upper limits
% E m,, resonance search
bx T m,-dependent width |
S J
107
104 E
I SN BN AV IR
10 20 30 40 50 60
m, [GeV]

Benoit Courbon Low Mass Higgs 26 / 27



Back-up

ATLAS results : hips — ppurT Phys.Rev.D92 (2015) 052002
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