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Introduction
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e H(125) discovery summer 2012: =R :
5fo (7 TeV) + 5 fb" (8 TeV). é, I S, 18
e Confirmation with full 7+8 TeV S |
datasets: 5 fo ! (7 TeV) + 0 :;CE
19.4 b (8 TeV). ——
e Observation driven by the high- 1021 _
resolution channels yy and ZZ. -
v &
e Does it couple to fermions directly™?
How? e AT A S RV ! VI
100 120 140 160 180 200

M, [GeV]

* H—-yy gives indirect evidence that H couples to quarks, but not to leptons.
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% CMS searches for SM Higgs into fermions %
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_ Luminosity
Decay mode Production Channels ; Documents
7 TeV = 8TeV
o VH 13 5 fbT 12.1 fb CMS PAS HIG-12-044
ttH 20 5fb! 5.1 fb arXiv:1303.0763
gluon fusion 9 (+8)
4.9 fb1 | 19.4 fb CMS PAS HIG-13-004
TT VBF 5
VH 12 5fb" | 19.5fo" | CMS PAS HIG-12-053
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SM H—=bb searches
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VH, H—=bb : Analysis strategy

CMS PAS HIG-12-044
¢

e Search in associated production with W or Z: last updated for HCP 2012)
final states with leptons, MET and b-jets. 7 TeV (2011) 8 TeV (2012)

e Jopologies: Z(vv)H(bb), W(ev)H(bb), Z(¢)H(bb) 5 b 12 fb
{=¢e,

e (General strategy:

e Boosted vector boson (V) and di-jet (H)
® D-jet energy regression
e Boosted decision tree (BDT) shape analysis

e Main backgrounds: V+jets, tt, VV, single top

e \/+jets, tt normalisation estimated from data in control regions
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% VH,

H—bb : Event pre-selection and MVA

Event pre-selection

Variable W(lv)H Z(LOH)H Z(vv)H
Myy — [75 — 105] —
pr(j1) > 30 > 20 > 60 i .
p1(n) 2 30 2% 2 30 o Prg §elect|on for the BDT
pr(jj) > 120 - > 130 training.
—mj) < 250 80 —150] (< 250)J < 250
pr(V) [120 — 170] (> 170)  [50 — 100] (> 100) | = ° ‘ot -
CSV max  >040 > 0.50 (> 0.244) > 0.679 CategO”Satlon'
 CSVimin > 0.40 > 0.244 > 0.244 J low-pT] (high-pT) and
- CSVleose — (< 0.40) — — (< 0.244) : :
N —=5 - 0 (high-pT) with loose b-tag
Exiss > 45 (elec) - "1130 — 170] (> 170)]
Ap(ETSS jet) -~ - -~ >05
A(P(E%ﬁss, ErTniss(trkS)) _ _ < 0.5
A¢p(V,H) - - > 2.0
Variable
_ p1j: transverse momentum of each Higgs daughter
e BDT InpUtS >  m(jj): dijet invariant mass

¢ Results obtained from fits of the
shape of the BDT output.

pr(jj): dijet transverse momentum
pT(V): vector boson transverse momentum (or Effmss)

CSVmax: value of CSV for the Higgs daughter with largest CSV value
CSVmin: value of CSV for the Higgs daughter with second largest CSV value
A¢p(V, H): azimuthal angle between V (or EM*5) and dijet

e ~20% impro\/emen’[ wrt to |A7(jj)|: difference in 7 between Higgs daughters

AR(jj): distance in 7—¢ between Higgs daughters

cut & count N,j: number of additional jets
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A¢(ENSS jet): azimuthal angle between EXSS and the closest jet (only for Z(vv)H)

ABpuni: color pull angle [35]
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VH, H—=bb : b-jet energy regression

X

| [ [ [ | [ [ [ | [
— Nominal

o0.45

__I I I | I I I | I I I __

Q - CMS Simulation — Regression

| | | o 047 \s=8TeV,L=12.1 b’ E

e BDT regression trained on VH signal "GE)O - Z(I'")H(bb) E

events using various jet + soft lepton 5 T F -

variables. 0.3¢ E

. 0.25)- =

* Better mass resolution (~15%) - i

— 10-20% improvement in 0.2 E

sensitivity. 0.15F —

e Extensive validation on data and MC, 0'1;_ E

e.g., pr balance in Z(ll)+bb and 0.05F -

reconstructed top quark mass el R RN BN Bt =
%O 80 100 120 140 160 180

M, - [GeV]
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VH, H—=bb : Background estimates

e \+jets and tt Monte Carlo yields corrected by scale factors (SF) from data control regions.
e SF obtained from simultaneous fits to the distributions of discriminating variables.

e (Good agreement observed in calibration regions.

Z+ light jets enriched control region

o lll]IITIIIY'1IIIIITI"IYIIITYI‘TYII llll o lllll ]l"lIT']I"1lTl]l'T]ll"]'T'Y]f'lI
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= . = — I
w I Single top L 1400 ~ I Single top
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Roberval Walsh (DESY) LISHEP2013, H — bb,tt in CMS 9

4 09



VH, H—=bb : Results

2 6 I 1 I 1 1 I 1 I 1 1 I 1 I I 1 I 1

3 | cMmsPreliminary | | | ]
% F \s=7Tev,L=51b" —— s Drsened oy
g [ '18s{I0%LL=S ) --e-- CL_H125 injected  _
g 5 — \s= 8TeV,L=12.1fb --e-- CL Expected N
s _ VH(bb), combined o CL Expected+1c
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- 4}
J —
O r
o _| k
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a [ AR
E A LT
) - e
2 2 e _——
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S
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TR PRI T [N SR TR SR TR SN SR SR SR SR N ST S S
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e Reached SM sensitivity < 120 GeV.

—

\'s=7TeV,L=5.0fb'Vs=8TeV,L=12.1 fb"’

CMS Preliminary my =125 GeV
Signal strength Mu(125) = 13tgg
Z(I'TYH(bb)
Z(vv)H(bb)
W (lv)H(bb)
[ 4 I [ v
-4 -2 0 6

Local p-value
3

e Significance of the excess at my = 125 GeV

e Observed = 2.20, Expected = 2.10
e [Tevatron 2.80 and 1.50, respectively]

1
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e [ighter cut-based selection for Mpp.

VH, H—=bb : Mpp distribution
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e Small excess in the signal region observed in the Mpp distribution

e \/ector boson pair (VV) is showing up and is well described!
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ttH, H—=bb analysis

CMS PAS HIG-12-035

arXiv:1303.0763
e Main opportunity to directly probe the ttH vertex.
e Challenging! |
e Categorisation t
e di-lepton (¥) and lepton+jet (¢+jets), L= e,y . e
* number of jets (=2) and b-tags (=2) . i < b
e Data t i
7 TeV (2011) 8 TeV (2012) I
5 fb- 5.1 fb- AN

e Main backgrounds from tt+light jets/cc/bb.

e Signal extraction
e Simultaneous fit of neural network (ANN) shape.

e Main inputs to ANN: b-tag, kinematic and angular correlations.
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ttH, H—=bb : ANN analysis

. CMS \s=8TeV,L=5.1fo" , _CMS \s=7TeV,L=5.0f" . -CMS \Is=8TeV,L=51fb"
E“"  t+D5jets+3b-tags E » {+>6 jets + 3 b-tags § o # + 23 jets + =3 b-tags
120 /'4‘ + % 7 40
100 ) 40 .

Y

5

Z
%

AN

¥4

g/

N

30

’\»\Illlllllllllllllllll
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20
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lIIIIIII|IIII|IIII||I|||||||||

Data/MC
Data/MC
Data/MC

%2 03 04 05 06 07 08 009 %4 02 03 04 05 06 AO-EN °:8t °t-9 02 03 04 05 06 07 08
ANN output outpu ANN output

— ttH(125) x 30
I 4t
e Good agreement between data and background. e
e tStTnbgt:et
tt+V
B EWK
7 Bkg. Unc.
—— Data
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95% CL limit on c/cg,,
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Lepton+Jets and Dilepton

ttH, H—bb

CMS \s=7TeV,L=5.0f6"1s=8TeV,L=5.1 fb'

. Results
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llllllllllllll

- —— QObserved

I — I I I I L1 1 | I | I I | I | I

................................................................................................

P D000000000

................................................................................................

¢ | epton+jet channel is the most
sensitive, di-lepton improves by
5-10%.

e No evidence of an excess.

e 95% CL upper limits on cross
section at mH(125):

e Expected = 5.2 x Oswm
¢ Observed = 5.8 x Osm

120 125 130 135

140

my, (GeV)
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SM H—=T1T searches
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H — 1T : Analysis strategy

® Th+Th
¢ |nclusive H—TT decay patterns ®|.Th ncluded in
CMS PAS HIG-13-004 e+Th | = .
& .1 CMS analysis
o .y (Th : hadronic decay)
®e.e
3.0%
| | | o \WH: Uth, ThTHL
» Associated production with vector bosons, VH { (=6,
CMS PAS HIG-12-053 ° ZH: dtT
e Data
7 TeV (2011) 8 TeV (2012)
5 fb1 19 fb1

e Selection (inclusive search)
¢ |solated and well-identified e, y and Tn
e Jopological cuts (MVA in pu channel) to suppress backgrounds
e (Categorisation based on number of jets and pr(T)
e Template fit to mw shape ( M x My in the pu channel)
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H — 1T

—vent categories

e Fvent classification according to the number of jets and the pr of ...

e the visible th (U, €Th) Or

e the hardest lepton (uu, ep)

Low pr
e background calibration
* no signal extracted

High pr
e background calibration
* no signal extracted

X

Roberval Walsh (DESY)

Low pr
e Large statistics

High pr

e Better m resolution
e Suppressed Z—TT
background

Minimum Higgs candidate pr

LISHEP2013, H — bb,tt in CMS

el, UTh, €Th: Minimum m; and
|Anj| requirements,
central jet veto

up: MVA selection

Minimum mj; and |An|
requirements.

Minimum Higgs candidate pr
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Z—1T: Embedding,
replace p in Z—pp
events by simulated
T decays; normalised
by Z—pp events.

QCD: Normalisation
and shape from

H—TT

SS/0S

4 )
ttbar: shape from
simulation;
normalisation from
sideband

|\ J

Roberval Walsh (DESY)

dN/dm. [1/GeV]

Background estimation
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LISHEP2013, H = bb,TT in CMS

-0.5<BDT,_<=-0.3

—— Data

- combined fit




% H — 1T : Reconstruction of T-pair mass

'/‘,_

CMS Simulation Vs = 8 TeV ut CMS Simulation Vs =8 TeV ne,
S 0.2 - 0.16
— > —
% B —— H—-1ttm, =125 GeV 8 B —— H—>1tm, =125 GeV
'__,'£ 0.163— Z 1T ;S B Z—1T
£ - 5 0121
2 014} = -
N 0.1
0.12]- 1 -
015 0.08
0.08 0.06—
0.06 I -
- 0.04—
0.04 I [
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0: A.:J|||||| I R N RN BT S B 0_"1' R B —_
0 50 100 150 200 250 0 50 100 150 200 250

m,,. [GeV] m.. [GeV]

visible mass estimated mass

¢ [nvariant mass of Tt determined using a maximum
Ikelihood fit.

¢ Estimated on event-by-event basis using four- '_ o 4
momenta of visible decay products, ExMss, E,miss Phasespace  Expected £,

of t-decays Resolution

expected ET™ss resolution
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CMS Preliminary, s = 7-8 TeV, L = 24.3 fb™
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H — 1T : combined m+ distribution

CMS Preliminary, {s = 7-8 TeV, L = 24.3 fb™
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% H — 1T : VH analysis A
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H—=1T @ 95% CL upper limits on o/oswm
Include VH, H—=1T

Preliminary, H— 11, L = 24.3 fb"
CMS Preliminary, H— 11, L = 24.3 fb™ 4.0 CMS Pre '.m'rar.y —— — AL T
= 4.0 —r 1+ bw —&— observed .
b(l) —e— observed | B 3.5 H(125 GeV) injected ............................................ ................. _:
B 3.5 F —— expected S S S [ + 10 H(125 GeV) injected
- - + 16 expected E 30F [ J:2¢ H(?zs GeV) injected
2 30F [ J+2cexpected o — = b
£ O
] S 20
O (o)}
32 1.5
m =
o 1.0F 4
0.5 - signal injected .................................................... .
0.0:""3"";""5":
110 120 130 140
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. © 3.5 —— H(125GeV)as BG ............................................ ................. -
110 120 130 140 c B 1o H(125 GoV) 25 BG o
— . + 26 H(125 GeV) @8 BG — ,»-
m,, [GeV] ; 3.0 eV)a
. . 1 25F signal as background a3
e Broad excess observed compatible with 2 o
SM Higgs with my = 125 GeV. &

e 95% CL upper limits on cross section at my(125) 1.0
e Expected = 0.77 x Osm 05F 7
e Observed = 1.80 x Osm 0.0 o

m,, [GeV]
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CMS Preliminary, Ys=7-8

H—=TT
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|
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r
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et h
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0

e All channels combined: ( i=11x0.4 jat mn = 125 GeV.

2 4
best fit for o/ Ogm

Signal strength

CMS Preliminary, Ys=7-8
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e Compatible with the SM \expectations.

e Consistent across channels and categories.
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CMS Preliminary, H—t 1, L=24.3 fb™
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H—1T : Significance

e Expected (observed)
significance at mn= 125 GeV.:
2.62 0 (2.85 0)

e Minimum p-value (2.93 o) at
MH=120 GeV

Evidence of direct coupling of Higgs to taus!
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HIgQS searches In the context of the
Minimal Supersymmetric Model

Roberval Walsh (DESY) LISHEP2013, H = bb,tT in CMS



MSSM Higgs bosons

Neutral Higgs bosons production

- The MSSM features two Higgs
doublets. S ¢

« Symmetry spontaneously broken twice

» Higgs sector: Five Higgs particles
« Three neutral:  =h, H, A
« Two charged: H*

« Observed 126 GeV state often identified
as the lightest Higgs (h)

LHC HIGGS XS WG 2012

-« At tree level, two independent
parameters:

® mA

o(pp — ¢ + X) [pb]

- tan [ (ratio of v.e.v. of the two Higgs
doublets)

« The mass of the CP-odd Higgs boson
A is usually ~degenerate with one of
the CP-even bosons

Roberval Walsh (DESY) LISHEP2013, H — bb,tTt in CMS 27



MSSM Higgs searches in CMS

Luminosity
Mode Production Channels ; Documents
7 TeV 8 TeV
® — bb bbd 2 481 - CMS PAS HIG-12-033
99— o 4 L _
b — TT 49 fb1 i 12.1 fb-' | CMS PAS HIG-12-050
bb¢ 4
99— o 1 L
* ¢ — yy 4.9 fbo ! | = CMS PAS HIG-12-011
bbd 2
* H* — 1T*v t = Hb 1 4.9 fbT = CMS PAS HIG-12-052

* Not discussed in this presentation
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http://cds.cern.ch/record/1514641
http://cds.cern.ch/record/1514641
http://cds.cern.ch/record/1493521
http://cds.cern.ch/record/1493521
http://cds.cern.ch/record/1453716
http://cds.cern.ch/record/1453716
http://cds.cern.ch/record/1502246
http://cds.cern.ch/record/1502246
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MSSM ¢ — bb searches \

e MSSM neutral Higgs boson decaying to b quakrs ¢
and produced in association with b quark(s)

e Enhancement wrt SM for tan 3 > 1
e | arge BR(@—bb) even at large masses

g

e Only b-jets (and radiation) in the final state:
e Challenging triggers at the LHC

associated with b quarks

¢ Two complementary approaches:
e “All-hadronic” trigger: requiring up to 3 jets; = 2 b-tags (3 offline b-tags)

e “Semileptonic” trigger: requiring 2 jets; = 1 or 2 b-tags (3 offline b-tags);
> 1 muon from B-hadron decay

e Almost independent samples (2—3% overlap)
e Data: 2.7 fo' - 4.8 fbol at 7 TeV (2011)
e Background: heavy flavour multi-jet, derived from the data.

e Signal would appear as a peak in the di-jet mass distribution in triple-btag sample.

Roberval Walsh (DESY) LISHEP2013, H — bb,tt in CMS 30



MSSM ¢ — bb : Signal templates

(all-hadronic)

e Pythia in the 4-flavour scheme.
e [nvariant mass M2 of the two leading jets.

e \ariable X123 computed from the secondary vertex mass of the three leading jets,
reflects the b-tag content of the event — further signal / background separation.

- 0.40 p——————r——————— 5 08pT—————T————
© - CMS Simulation 2011 ys=7 TeV - @© CMS Simulation 2011 {s=7 TeV
0.35F E 0.7
0.30 — — m,=120 GeV/cz—f 0.6 — m, =120 GeV/c?
: m, =180 GeV/c?: m,=180 GeV/c?
0.25¢ J“ — m,=250 GeV/c?: b — m, =250 GeV/c?
0.20F 5 0.4
0.15F 5 0.3
0.10F B E 0.2
0.05F - —_ —LLH = 0.1
:...=_|—|_!_..|..._._|—.. . I l
0.00 100 200 300 400 D 2 4
M,, [GeV/c?] X123
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MSSM ¢ — bb :

all-hadronic)

% (

e Data-driven background modelling
from double b-tag sample.

e Untagged jet is weighted according to
the b-tag probability and the
corresponding SV mass index
probability of assumed flavour.

e Almost identical templates merged
e bbX =bbC + bbQ
e (Fb)o = Fob+bFb, where F=B,C,Q

e X423 gives further distinction between
different flavour compositions.

e Five 2D templates: M12 vs. Xi23

e Normalisation from fit to data
spectrum.

Roberval Walsh (DESY)

CMS 2011, L =2.7 fb'\'s=7 TeV
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MSSM © — bb : Fit to data

(all-hadronic)

e [t with background only templates with shapes obtained with double b-tag sample.
e About 73% contribution of real triple b jets.

e [Excellent agreement with triple b-tag data

CMS 2011, L=2.7 fb' Ns =7 TeV

CMS 2011, L=2.7 fb' \Ns =7 TeV

> 20000 _I T T | I'TTT1 | I'TTT1 I'TTT | I'TTT1 | I'TTT1 | I'TTT | I'TTT1 | I'TTT1 | T I_ ﬂ 70000 _I I | T T 1 T T 1 | T T 1 | T T 1 | T T 1 | I I_
8 - All-Hadronic Analysis 5 S - All-Hadronic Analysis .
o 18000 — (@) Low-Mass Scenario ] |_|>J B (b) Low-Mass Scenario ]
d - CIN,. = 1217111 . 60000 — CINg = 1217111 —
£ 16000 — - -
C - e Data ] B * Data ]
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N (Bb)b 1 : (Bb)b .
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o000 . 20000~ ’ ]
4000 — : -
B ] 10000
20001 | - —
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M,, [GeV] X123
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MSSM © — bb : Fit to data

(all-hadronic)

CMS 2011,L=4.0 fb' \Ns=7 TeV

% 16000 _I T | I TTT | T T | T T | T T | T T | T T | T T | I TTT | T I_
M - M¢ = 200 Gev All-Hadronic Analysis -
o B Medium-M S i |
Q000 140 =
& 12000} + Data .
AT - Bl m,=200GeV |
* Signal + background templates fits 5554/ = s h
i Bl (@b ]
e Mass range 90 — 350 GeV 8000 | (Cb)b —
B (Bb)b ]
¢ No significant excess observed 6000~ 7
at any mass 4000} ]
2000 =
R o et
% 50 100 150 200 250 300 350 400 450 500

M,, [GeV]
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% MSSM © = bb : Semileptonic analysis

CMS 2011, L=4.8fb',\'s =7 TeV

\ , IIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII
¢ Background normalisation and shape E - Semileptonic Analysis _
obtained from data in control regions. o 2001 Low-Mass Scenario
. . . g B e Data
* [wo independent methods using single -
d double b-tag data samples € 2000 — == Background
Ana oy J pIes. g I M,=120 GeV
e Mass range 90 — 350 GeV. L i M,=180 GeV
L L 1500~ (tan p=30)
¢ No significant excess observed at any mass. B d
> CMS 2011, L = 4.8 fb",\'s =7 TeV 1000 — ]
8 _IIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ | ]
o 1600[— Semileptonic Analysis | ~ . . m
> N Low-Mass Scenario ] B SIg nal region 7
g 1400—_ ¢ Data ] 500 B —
Lﬁ B Background ] : :
1200__ + matrix u I~ 1
N Background i 2 _
1000 - nearest-neighbor -
800 —:
600 —
400 —
pool - 0 50 100 150 200 250 300 350 400 450 500
- control region o M2 [GeV]
%56 106150 200 250 300 350 400 450 200

M,, [GeV]
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MSSM @ — bb : Limits

//
Z

¢ All-hadronic and semileptonic analysis are almost orthogonal, 2-3% overlap (removed from
all-hadronic dataset)

e Upper limits for oxBR and tanf3 vs ma (NNLO 5-flavour scheme cross sections - Higgs XS WG)
e CMS convention: SUSY parameter py = + 200 GeV

3 CMS 2011, L=2.7-4.8 b, (s =7 TeV CMS 2011, L=2.7-4.8 b, (s =7 TeV
= I\) ET l.... L. | | U L. I.... | | I ... L. L. I ]..... L....] ... 1. | P l..... | U J..._ 70 | | | | | | | | | | | | | | | | | | | | | | | |
o) B SRR Lottt Lt Lottt Lottt Q | -
o 95% CL upper bounds (- [ 95% CL Exclusion Reglons : .
b o a : -
— I ] | Observed : |
|g Observed : + 60 is Median expected [ ........................ g
T Median expected | [ I 1o expected range 2
= ] ted g 20 expected range -
m o| | S : © expected range il 50 || — — . Median expected all-hadronic ’

; 1 O : <5 S 20 expected range i 1| Median expected semileptonic
ﬁﬁs N NG ) ﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ 40 '
30 2 —. - = _:
e 20 - ......................... i ............................ ........................ _:
T N B SN SO 10 - MSSM m™ scenario
IR ............................ ............................ ............................ .......................... i B u = +200 GeV ]
1 | | | | | | | | | | | | | | | | | | | | | | | | | O B | | | | | | | | | | | | | | | | | | | | | | | | | ]

100 150 200 250 300 _ 350 100 150 200 250 300 350
M, [GeV] M, [GeV]

e For comparison with Tevatron, we also give results for y = —200 GeV (nex
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MSSM ¢ — bb : Comparison with Tevatron

CMS 2011, L=2.7-4.8 fb, \s =7 TeV
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e CDF-DO0O +20 excess at low mass not confirmed.
¢ First time done at the LHC!
¢ \Vorld’s best sensitivity in the bl channel, with 2011 data alone.
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® — 1T . Analysis strategy

e Good compromise between
relatively large BR also at high
masses and manageable
backgrounds.

® U.Th ' ,
e.Tn included in CMS

e . — MISSM analysis

® .y
®ec.e

3.0%

Production mechanisms & event categories

9.99000—>— b . .

e ) > 1 b-tagged jet with pt > 20 GeV
JUNSS b-tag category  _ 4 ot with pr < 30 GeV
3) ----- ¢ no b-tag category  NO b-tagged jet with pr > 20 GeV

e [riggers, lepton selection, T mass reconstruction, background treatment:
same as in the SM H—T1T searches
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G — 1T . My distributions
b-tag category

0? CMS Preliminary, ys = 7-8 TeV, L = 17 fb" T, T, CMS Preliminary, Vs = 7-8 TeV, L = 17 fb"' T T,
> C L oxol160 GeV)tr, tan=8 | > - 10x0(160 GeV) -1, tanp=8"
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~  — Y ~ 10 ]zt -
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e = C [ §
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10" 07E E
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MSSM ¢ — 1T channels sensitivity

CMS Preliminary, H—tt, L=17 fb™ CMS Preliminary, H—tt, L=17 fb™
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e Sensitivity driven by
¢ single lepton channel

e No b-tag category
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¢ =TT

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb

% 50 [ T T | T T T | T ::_: T
o] 95% CL Excluded Regions
<= 45F [ observed

-------------- Expected

+10 expected
+20 expected

N LEP

MSSM m:‘a" scenario

M =1TeV
SUSY

200

400

600
m, [GeV]
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800

MSSM limits

¢ |nterpretation in the my™& scenario

e 05% CL exclusion limit in ma—tanf3
parameter space

e tanf3 < 5 for mA < 250 GeV
e [ouching LEP constraint at low ma
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3, H = bb,ttin CMS

e Evidence of new 125 GeV
particle direct coupling to
fermions: T leptons anad
b quarks.

e NO excess observed in
MSSM Higgs searches.

e Most analyses still to add
the full 2012 dataset.

e Further improvements in the
analyses are possible.

e Stay tuned!
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How CMS detects particles

Légende: Muon
Electron
Hadron chargé (ex. Pion)
— — — — Hadron neutre (ex. Neutron)
""" Photon
Trajectographe
au silicium
Calorimétre
0 )B) électromagnetique
Calorimetre Solénoide
Y hadroniqua superconducteur Culasse de retour de I'aimant
avec des chambres a muons
Oom m 2m 3m 4m 5m 6m
| | | ] | | |
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VH, H—=bb trigger

Triggers 7 TeV (2011) 8 TeV (2012)
W(uv)H > 1 (isolated) muon > 1 (isolated) muon
Z(pu)H pt > 17-40 GeV/c pt > 24-40 GeV/c

> 1 isolated electron

W(ev)H pre > 17-30 GeV/c > 1 isolated electron

(= 2 jets for lower threshold) pr* > 27 GeV/c
> 2 isolated electrons > 2 isolated electrons
Z(ee)H pr>'st > 17 GeV/c pr>'st > 17 GeV/c
pr>2"d > 8 GeV/c pr>2"d > 8 GeV/c
MET > 150 GeV OR MET > 150 GeV OR
Z(vv)H > 2 central jets pT > 20 GeV > 2 central jets pT > 30 GeV,
MET > 80-100 GeV MET > 80 GeV
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e Extensive validation on data and MC

VH, H—=bb regression validation

kot

e E£.g., pT balance in Z(ll)+bb and reconstructed top quark mass
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VH, H—=bb Systematics

Source Range
Luminosity 2.2-4.4%
Lepton efficiency and trigger (per lepton) 3%
Z(vv)H triggers 3%
Jet energy scale 2-3%
Jet energy resolution 3—6%
Missing transverse energy 3%
b-tagging 3-15%
Signal cross section (scale and PDF) 4%
Signal cross section (pt boost, EWK/QCD) 5-10% / 10%
Signal Monte Carlo statistics 1-5%
Backgrounds (data estimate) ~ 10%
Single-top (simulation estimate) 15-30%
Dibosons (simulation estimate) 30%
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ttH, H—=bb Systematics

Source Rate Uncertainty | Shape | Remarks
Luminosity (7 TeV) 2.2% No | All signal and backgrounds
Luminosity (8 TeV) 4.4% No | All signal and backgrounds
Lepton ID/Trig 4% No | Allsignal and backgrounds
Pileup 1% No | Allsignal and backgrounds
Additional Pileup Corr. - Yes | All signal and backgrounds
Jet Energy Resolution 1.5% No | Allsignal and backgrounds
Jet Energy Scale 0-60% Yes | All signal and backgrounds
b-Tag SF (b/c) 0-33.6% Yes | Allsignal and backgrounds
b-Tag SF (mistag) 0-23.5% Yes | Allsignal and backgrounds
MC Statistics - Yes | All backgrounds
PDF (gg) 9% No | For gg initiated processes (tt, ttZ, ttH)
PDF (qq) 4.2-7% No | For qq initiated processes (ttW, W, Z).
PDF (qg) 4.6% No | For qg initiated processes (single top)
QCD Scale (ttH) 15% No | For NLO ttH prediction
QCD Scale (tt) 2-12% No | For NLO tt and single top predictions
QCD Scale (V) 1.2-1.3% No | For NNLO W and Z prediction
QCD Scale (VV) 3.5% No | For NLO diboson prediction
Madgraph Scale (tt) 0-20% Yes | tt+jets/bb/cc uncorrelated. Varies by jet bin.
Madgraph Scale (V) 20-60% No | Varies by jet bin.
tt+ bb 50% No | Only tt+ bb.
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H—1T : Embedding

e /=TT is the main irreducible background.
e Estimated from embedded sample: p in Z—pu events replaced by simulated T.
e Normalised from Z—pp events.

Meas“red Simulated /1:"." 2500 _|| L L L L L
Z = pp event /\ Z - TTevent -7_._.../ — Z->11 embedded

remove the muons detector simulation an
from the event event reconstruction

v \[ 4 A 1500
\

Events

—— Z-ttregular MC

2000

Z- event
HH eV Z = TTevent /—-/

without muons _7

merge tracks and particle flow 500
candidates into original event

i \/4 10 20 30 40 50 60 70 & 90" To0
hybrid event E.IFHS [Gev:

pile-up and underlying event
remain in the event
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MSSM C

D — bb

Event selection All-hadronic

Semi-leptonic

> 1 Muon

: =2 or 3 Jets

Triggers > 2 b-tagged Jets >1or2Jets
- > 1 or 2 b-tagged Jets
=> 3 Jets
prst > 46 (60) GeV = 3 Jets

Jets pr?nd > 38 (53) GeV pr = ¢ > 30 GeV
prerd > 20 GeV P > 20 GeV
3 leading Jets b-tagged 3 leading Jets b-tagged

Muon - =1 Muon, pr > 15 GeV
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MSSM @ — bb (semileptonic)

e Background estimation — semi-leptonic

CMS Preliminary 2011, L=4.8fb", Vs =7 TeV

[ BTagMa‘tHX NQ AR RN RER AN RN RN AR RRE RN DR RN RRRRNRRREE
> 1600— Semi-leptonic analysis _
e B-tag probability matrices (bbj sample). o [ Low-Mass Scenario
e _ i
e B-tag eff from MC, flavour fractions from ~ $ 1800 . Data
data N —— Background
_ 3rd o 1200~ B-tag Matrix
* F(x;bbb) = F(x; bbj) ® Pb_J (...) i —— Background
tag 1000

_ Hyperball
e Hyperball (hearest neighbour) : .
} . 800~ ~
e Sample bjj (excl bbj sample) i .
e Compute the fraction 7 of similar events 600:_ E
passing full selection. 400 h
* F(x; bbb) = F(x; bjj) ® f i :
200 —
* The two methods are combined L

00 50 100 150 200 250 300 350 400 450 500

e Use bin-per-bin weighted average
of B-tag Matrix and Hyperball prediction
to get background shape.

M., [GeV/c’]
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MSSM ¢ — bb Systematics

e Systematic uncertainties on the signal yield

Source All-hadronic  Semileptonic Type
Trigger efficiency 10% 3—5% rate
Online b-tagging efficiency 32% — rate
Offline b-tagging efficiency 10-13%" 12% shape/rate
b-tagging efficiency dependence on topology 6% — rate
Jet energy scale 1.4-6.8% 3.1% shape/rate
Jet energy resolution 0.6-1.3% 1.9% shape/rate
Muon momentum scale and resolution — 1% rate
Signal Monte Carlo statistics 1.1-2.6% rate
Integrated luminosity 2.2% rate
PDF and & uncertainties 3—6%"* 2.7-4.7%" rate
Factorization and renormalization QCD scale 6—28%* rate
Underlying event and parton showering 4%* rate
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MSSM ¢ — bbb Limits

Semileptonic All-hadronic

CMS preliminary 2.7-4.0 fb™ ys =7 TeV
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¢ — bb Tevatron

m, max, 1=-200 GeV Tevatron 2.6-5.2 fb™
% 1 [ ] Tevatron exclusion
E 90 | LEP exclusion

-®
a?
-

400/ — — T
ok — Observed

- — Expected
200 . Exp.* 1 s.d.
105 Exp.+ 2 s.d.

T
100 150 200 25 300
M, [GeV]

Roberval Walsh (DESY) LISHEP2013, H — bb,tTt in CMS 55




