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Introduction Why low mass?

Why low mass? / Motivation

@ Is the 125 GeV new scalar really the SM Higgs Boson? Is it the lightest?

@ 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, a, HE
@ 4 types, main parameters : tan 3, o
@ compatible with a 125 GeV SM-like scalar (k1 or H) + a light Higgs Boson (a or h)

@ MSSM:

@ simplest supersymmetric model (2HDM type II)

@ low-mass (pseudo) scalars disfavoured within this model
@ NMSSM :

@ 2 Higgs doublets + 1 singlet — 7 Higgs bosons : hy, hy, h3, ay, az, H*

@ solves the "p-problem" of the MSSM

@ compatible with a 125 GeV SM-like scalar (4 or /) + a mostly "singlet-like" light
Higgs Boson (a; or hy)
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Introduction Why low mass?

CMS Searches for low-mass neutral Higgs bosons

Direct Production
This Talk

Pair Production
Exotic Decays of the

Higgs Boson
(talk by M. Cepeda 20’ ago)
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h — ¥ [80,110] GeV
—

a+ bb — 7T + bb [25,80] GeV

Al L4

h+ X — bb + X [30,100] GeV
hi2s — aa/hh — 47 [4.81(5,151GeV
—
h125 — aa/WDVD — 4ILL 0.25<m,,;,<3.55
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hios — aa — ppbb [25,65] Gev
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Direct production h— vy

h— 7y

CMS-HIG-14-037

@ NMSSM : o X BR(hy — 77) up to 3.5 higher compared to the SM prediction for this mass range.

@ Extension of the standard h125 — ~y-y analysis to the low invariant mass region.
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@ Same object identification as the /135G,y analysis: (PhotonID, DiphotonID, VertexID)

@ The modeling of the Z background (misidentified electrons) is an important feature of this search.
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Low-mass Higgs Searches in CMS

h— vy

CMS-HIG-14-037

The same multivariate event classifier as in
the /1155 analysis is built to discriminate
signal from background.

It incorporates the kinematic properties of the
diphoton system, a per-event estimate of the
diphoton mass resolution, and the photon
identification BDT output value.

In this analysis, events are separated into 4
classes based on the classifier score; events
having a score below a minimum value are
rejected.

Background model : diphoton continuum + Z
peak contamination (electron veto to reduce it)
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Direct production h— vy

h — vy CMS-HIG-14-037
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Direct production bbA with A — 771

bbA with A — 77 CMS-HIG-14-033

@ Search for a light pseudoscalar Higgs boson
decaying to a pair of 7 leptons produced in
association with a bb pair.

@ Three final states: p7y, e, and ey are used
(5, represent the hadronic 7 decay).

@ The ppe and ee final states are discarded —
small branching fractions and large
backgrounds. 75, 73, not considered because of
inefficiencies due to the trigger threshold.

@ Pseudoscalar boson masses between 25 and q q _
VBF Process Gluon Fusion Process
80 GeV are probed.
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bbA with A — 771

bbA with A — 77 CMS-HIG-14-033
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h+X—bb+X

CMS-HIG-14-030
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Direct production h+X — bb+X

h+ X — bb + X : Exclusion limits  CMS-HIG-14-030
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Conclusions

Conclusions

@ Comprehensive low-mass higgs searches have h — VY [80,110] GeV
been performed in CMS with the LHC run I ’

data.
@ Low-pr object trigger and reconstruction are a+ bb ‘_> TT + bb [25.80] va
challenging. N v

@ Both direct (this talk) and pair production h+ X — bb + X [30,100] GeV
have been considered. P >

hl L4
@ No evidence for new particle production hizs — aa / hh — 41 [4.8]15,151GeV
has been found PR
@ 2HDM and NMSSM interpretations —
parameter space regions excluded and
benchmark scenarios ruled out. And

hios — aa/ypyp — 4pu 0.25<my,<3.55

@ Improvements like new triggers, final states, hias — aa — ,uubb 25.65] GeV
and production modes are under development. hizs = aa = ppuTT 125.65] GeV
>

@ The run-II data will complete the overall
picture of these low mass analysis. Stay tuned.

a
Search/Exclusion Mass Range (GeV) 1f0
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-
h — ~7 : 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) | Apsiar (GeV) | Apigara—mcy, (GeV) | Appcy—mcyy (GeV) | Apy (GeV)
0 89.9 0.3 0.64 0.40 0.81
1 90.6 0.2 0.64 040 0.78
2 89.6 0.1 0.64 040 0.76
3 §9.24 0.08 0.64 040 0.76
Event Class | ¢ (GeV) | Atuat( G&V) | ACuare M (GV) | Adumcy mcy (GeV) | Adia( GeV)
0 1.5 0.3 146 170 2.26
1 1.8 0.2 146 170 2.25
2 1.8 0.2 146 170 2.25
3 3.22 0.08 146 170 2.24
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|
bbA with A— 77, a + bb — 77 + bb : Systematics

s . ) Systematic uncertainty
ystematic source
HT, et eu
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% —
b tagging efficiency 1-4% 1-4% 1-4%
b mistag rate 1-9% 1-9% 1-9%
ET™ scale 1-2% 1-2% 1-2%
g8 Z/v* — TT normalisation 3% 3% 3%
Z: Z/v* — 17 low-mass normalisation 10%  10% 10%
QCD multijet normalisation 20%  20% —
Reducible background normalisation | — — 30%
‘W +ets normalisation 30%  30% —
tT cross section 0%  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%
g Scales for A boson production 10%  10% 10%
% PDF for generating signal 10%  10% 10%
) NLOvs. LO 20%  20% 20%
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|
h+ X — bb + X : Systematics

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 tf 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 02%
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%
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h+ X — bb + X : Exclusion limits

Exclusion Limits (decoupled squarks)

CMS Preliminary 19.7 b1 (8 TeV)
ﬂ"\1300_II\I|\III‘II\Il\II\lII\Il\II\lI\\I_
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hi»s — aa/hh — 41 (CMS-HIG-14-019) : Systematics

Affected

Effect on the

Source Value Type .
sample YP total yield
Statistical 2149 bkg.  binby-bin
uncertainties in C(i, j) ¢ & ?
Extrapolation
s e 2-22% bkg. bin-by-bin —
uncertainties in C(i, j) ‘ & Y
Integrated luminosity 2.6% signal norm. 2.6%
Muon ID and trigger .
officie ¢ 29 2% per muon  signal norm. 4%
1ciency
Track selection and .
i%c‘)htion efficie;mv 5% per track signal norm. 10%
MC statistical . . .
ertaintie 7-100% signal  bin-by-bin 4-6%
uncertainties ’
Theory uncertainties in the signal acceptance
1 and pg variations 1% signal norm. 1%
; I 8
PDF 1% signal norm. 1%
Effect of b quark loop .
1 P 3% signal norm. 3%

contribution to gg — H(125)
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his — aa/hh — 47 (CMS-HIG-14-022) : Background control regions

@ Low MT

trigger Y -
PFRellso C  whoTx
QCD-
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© Dijet fakes,incl. HF control
55‘;'!"" kptonic regions
0124 e
A rieT
 DrellYan +jets
 Diet fakes, incl. HF jets
with leptonic decays
 Signal events (myox = 4 A:signal regi
GEV), mosty gz and signal reglon
VEF B: bkg control region
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@ High MT

trigger Y
PRRellso | @ “hmone

© Dijet fakes,inc. HF
jets with leptonic:
decays

* Wi(incl. top) + light
jets

© Wiindl.top) + HF jets
with leptonic decays

002 e

A Hoiso Tx

 W(incl.top) + light jets.

* Wiind.top) + HFjes
with lptonic decays
o Sigral events (x>
4 Gev), mosty gz
anawWH

Qcp-
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B:bkg control region
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his — aa/hh — 47 (CMS-HIG-14-022) : Signal vs
background

Events / bin

M+ jets
e ZHm, =9Cev I Drel-Yan + jets
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|
aa/hh — 41 (CMS-HIG-14-022) : Exclusion
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limits
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|
his — aa/hh — 41 (CMS-HIG-14-022) : Systematics

Uncertainty Magnitude

Mt <50 GeV/c?2 Mt > 50 GeV/c?
Luminosity 2.6% 2.6%
HLT (0.2-4.2)% (0.2-4.2)%
Trigger muon 1D 0.5% 0.5%
Trigger muon isolation (0.2-3.8)% (0.2-3.8)%
Trigger muon lepton isolation 10% 10%
Tau muon ID 1.5% 1.5%
HPS tau ID 6% 6%
HPS tau charge mis-1D -1%/+2% -1%/+2%
Background model -84%/+78% -59/+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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R
hi»s — aa/vpyp — 4p : Exclusion limits
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hips — aa — putT @ Event selection cuts

[ T mprete | HUTeTy [ pptetn ] AT Th [ prowTn |
[ m I pr >18GeV, [y[ <24, 1,4 < 0.4, Loose PFID |
I L < 0.4, Loose PFID, [4] < 24
pr >9GeV [ pr >5/9GeV [ pr >9GeV [ pr >5/9GeV [ pr >9GeV
T pr >7GeV, [y < 25, MVAID - -
La<04 | T,<04 | T,<02
T - - pr > 15 GeV, [y] < 2.3, Loose anti-j
Loose iso. Loose iso. Medium iso.
Loose anti-e | vLoose anti-e | vLoose anti-e
T - pr > 9/5GeV - pr > 9/5GeV -
|| < 2.4 || <24
Loose PF ID Tight PFID
L <04 L <025
b-Jet veto No b-tagged jet in the event.
Lepton veto No additional identified and isolated electron or muon.
[1ypee — 125] < 25GeV
[ty — oo [Fimyy, < 0.8
AR between leptons > 04
[nse — 125] > 15 GeV -
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hips — aa — pptT : Data vs MC
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-
hips — aa — pprT : Signal and background model
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hips — aa — pputT @ Exclusion limits
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hips — aa — ppTT @ Systematics

Systematic uncertainty Relative change in yield
Signal Z7Z | 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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hips — aa — ppTT : 2HDMAS type 4 ('flipped'') interpretation
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hi25s — aa comparison : 2HDM+S type 4 (''flipped") interpretation
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R
ATLAS results : h — 7y Phys. Rev. Lett. 113, 171801
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N
ATLAS results : /55 — aa — 4~ arXiv:1509.05051

— Observed upper limit  ATLAS
—-- Expected upper limit h — aa — 4y

o
%ﬂ; m, =125 GeV

-
e

Vs =8TeV, 20.3b"

-
o
[

95% C.L. upper limits
m,, resonance search
m,-dependent width

o>-xBR(h—aa)BR(a—y)’
M
.

20 30 40 50 60
m, [GeV]

-
o[

illo (ICHEP 2016) Low-mass Higgs Searches in CMS August 5, 2016 23/29



ATLAS results : /1125 — g7 Phys.Rev.D92 (2015) 052002
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up some plots on Pair hys — aa/hh — 41

hias — aa/hh — 47
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html

@ NMSSM and Dark
SUSY scenarios

@ Dark SUSY : additional
U(1)p symmetry, Higgs
boson decays to "dark"
neutralinos and photons

@ Search for events in

(mu,u,l ) m,u/,LZ) space,
with 0.25<rm,,,,<3.55

roduction
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-13-010/index.html

Backup some plots on Pair production hips — aa — b
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-041/index.html

up some plots on Pair hips — aa — ppTT

hiys — aa — pUuTT CMS-HIG-15-001
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-001/index.html

his — aa comparison

@ Comparison of 47, 4p, purT channels
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