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MOTIVATIONS
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CMS
 'The observation of the Higgs Preliminary
boson decay to b quarks is one of
the missing pieces in —95% CL

understanding of the new particle.

 In particular, an anomaly in the
Higgs boson coupling would be a
hint for New Physics.

TR
T 1

1 2 345 10 20 100 200
mass (GeV)
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proton - (anti)proton cross sections

e Although the Higgs boson decay
to b quarks have a large
branching ratio (~60%) it is very
hard to observe
the pp — H — bb process.

* In fact, the QCD background
pp — bb is more than 107 times
larger.
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topology of:

decay.

To cope with the QCD background it is useful to exploit the signal

In addition, both channel have the two b-jets from the Higgs boson

PRODUCTION CHANNELS
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=
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Vs=8 TeV

., gg fusion

200 300 400
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TRIGGER

CMS Preliminary
Vs=8TeV,L=19.61b"
Z(vV)H(bB)

METB0CSV trigger

CMS Preliminary
Vs=8TeV,L=19.61b"
Z(vv)H(bb)

combo trigger

HLT efficiency
HLT efficiency

—=- SingleMu

"0 50 100 150 200 250 300 ' g 07 G
]

pfMET [GeV CSVimax(i1,j2)
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SIGNAL REGION AND BACKGROUND IN
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e In the main backgrounds are: W/Z + jets and tt productions.
o e ity ®» ' ®
* They are estimated using:
— Shapes — simulations; Normalizations — data-driven.
[ [

* The analysis is divided in six channels:

100 GeV < MET < 130 GeV
- W — ev, pv, 1(1-prong); Z — ee, pp and wv.

* Each channel is binned in two or three bins depending on the vector boson  (CNIAICRTE (SETITIIEIN.
: gnal regions
Pr- Z+heavy jets,

e In each bin a signal region is defined cutting on: the jet kinematic variables [RASESAVINES

and b-tag discriminants, the lepton momenta, the MET and the number of
additional leptons and jets.

« Up to five control regions (tt, W/Z + heavy/light jets) are defined in each bin
inverting some cuts:

— here scale factors to apply to the main background normalizations (W + 0/1/2 b-
jets; Z + 0/1/2 b-jets; tt) are obtained with a simultaneous fit.

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment 6
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SIGNAL REGION AND BACKGROUNDS IN

e In the main background is the multi-jet QCD production and it is
estimated by data.

e Additional minor backgrounds are Z/W+jets, tt and single top.

=
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@
o
2
=
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£
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» An Artificial Neural Network (ANN) is trained to separate the signal from
backgrounds. With the exception of the b-jets kinematics, it exploits the
most discriminant variables:

— An between the most forward/backward jets, b-tagging discriminants and
additional hadronic activity in the event.

e The ANN discriminator is used to define five categories of events with
different signal/background ratio.

8
8

2
8

* In each category the Higgs candidate mass distribution will be fitted using:

Events /2.5 GeV
8
8

8
S
=]

— a fifth degree Bernstein polynomial as QCD shape

Data-Fit
2 g

— Z/W and top templates from simulation.

80 100 120 140 160 180 200 220 240
M, (GeV)
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REGRESSION
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* Both analyses use a jet energy regression in order

- CMS Simulation — Nominal to improve the Higgs candidate mass resolution.
B \s=8TeV c:15.8 GeV (13.2% T}l . t ts t l'b t th . t t
[ orrhaniy 2 — Regression . e regression attempts to recalibrate the jet p; to
1~ Z(IM)H(bb), p; > 100 GeV 5 ' Gev (10.0%

1.2

the true p; of the particle jet.

Events / 2 GeV

* The regression exploits variables like:

— b-tagging discriminants and secondary vertex
informations;

— jet-energy fractions between charged/neutral hadron
and photons, muons and electrons;

~ jet kinematic variables (pT, n);

— missing transverse energy (only for ZH — 1lbb and

VBF)
e  The result of the regression is an improvement on
100 120 140 16r?1(jj; ?896?0 the Higgs mass resolution of about 10 — 20%.

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment 8



MurTi BDT (VH)

e In the channel to reduce the background in
the signal region three specialized BDT are
trained to reject the (1, V+jets and VV
backgrounds.

e Each BDT is trained with:

Higgs candidate mass and pT;
b-tagging discriminants;

lepton momentum and MET;

number of adjunctive leptons and jets;

other kinematic variables.

* The three BDT are used to obtain a signal
region with an higher signal/background ratio.

e A final BDT is trained against all backgrounds
in order to do the final fit.

Entries / 0.05

1 OE‘ CMS ® Data

|s= 8TeV,L=18.9f," HEEVH _
[ a T w+bb
Z(vv)H(bb) Cweb

5 High pT[V} I W+udscg

First BDT trained =1
to reject tt [ Z+udscg

-08 -06 -04 02 0 0.2
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B

[ single top

[ aco

I VV(udscg)

[ vz(bb)

— VH(bb) 125 GeV
—— MC uncert. (stat.)

-
-
=

04 06 08 1

BDT output
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e 'The final fit will be:

e e NP |
-1 08 .06 -04 02 0 02 04 068 08 1

e A natural cross check is to measure the peak due to Z — bb, instead of

H —s bb.

* Here, the Z(bb) signal strengths measured
i Eur. Phys. J.C
| 74,2973 (2014)

2 4
Best fit p

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment 10
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RESULTS:

[ CMS e Data
| 1s= 7TeV,L=5.0 fb" v
L 1s= 8TeV,L=18.91b"

v
I > VH; H— bb 5
PP —— Sub. MC uncert,

VH + VV MC uncert

o2} ©
21 =]

S/(S+B) weighted entries
'S

200 250
m(jj) [GeV]

Z(vv)H(bb)
p=10+08

Z(IT")H(bb)
n=08+10

W(lv.zv)H(bb)
p= 1.1£09

4
Best fit
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An upper limit of 1.89 [0.95] times the SM

Higgs boson cross section at 125 GeV with

95% C.L. has been observed [expected] in the
channel.

There, an excess of events of 2.1 standard
deviations has been reported.

[t corresponds to a signal strength of:
~ W= Opeas/Osm = 1.0 £ 0.5.

Compatible results have been obtained in all
sub-channels (Z(vv)H(bb), Z(Iv)H(bb) and
W(lv)H(bb)).

S. Donato (Pisa)
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RESULTS:

ary (s=8TeV L=19.01b"

CAT4

* Data
—— Background-only Fit
EEFits 1o
[JFit=2o
[ Signal (125 GeV) x 10

e An upper limit of 3.6 /3.0] times
the SM Higgs boson cross section
at 125 GeV with 95% C.L. has
been observed [expected]in the

channel R T

Events /2.5 GeV

=
~

[t corresponds to a signal strength

of:
- lJ. = Gmeas/GSM = 0.7 + 1.4.

CMS Preliminary —s— CL Observed
s =8 TeV — - CL4 Expected
L=19.0 fb" CLg H125 Injected

VBF H— bb CL, Expected+ 10
CLg Expected+ 20

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

95% Asymptotic CL Limit on o / og,,

......................................................................................... 125 130 135
Higgs Mass (GeV)
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CONCLUSIONS

e A search for the standard model Higgs boson decaying to bottom quarks has been presented.

e Two production channels have been studied:
and the

e The two different analysis strategies have been presented and their background estimation have

been described.

—_

CMS Preliminary

Local p-value

(s=7TeV,L=5.0fb"
Vs=8TeV,L=19.0fb"

VH(bb) + VBFH(bb) combined

—&— Observed

 Combining the VH and VBF channels an excess of 2.2 standard : e e
deviations is reported. It corresponds to a signal strength of y = - B
120 125 130 135

0.97 £ 0.48. m, [GeV]
* The combination with the H — tT channel has excess of 3.8 o
(4.4 o expected) corresponding to p = 0.83+ 0.24,

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment
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ADDITIONAL MATERIALS
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= 6

; CmS CL. Observed

O - - -1 ——

s \s=7TeV,L=5.01fb , CLz H125 injected

o 5 1s=8TeV,L=18.9fb CL Expected

j pp— VH;H— bb CLg Expected+ 1o

O CL, Expected+ 2¢

O

S

Q.

=

>

D

[4y]

o

0

(0)]

125 130 135
my, [GeV]
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SYSTEMATICS

Event yield uncertainty

pe range (

norm.

ciency and trigger (per lepton) norm.
Z(vv)H triggers shape
Jet energy shape

Jet energy resolution shape
Missing transverse energy shape
b tagging shape
Signal cross section (scale and PDF) norm.
Signal cr ection (pr boost, EW/QCD)  norm.
Monte Carlo statisti shape
Backgrounds (data estimate) norm.
Single-top quark (simulation estimate) norm.
simulation mate) norm.

and 17) shape

Signal and Z peak position (JES)
Signal and Z resolution
Luminosity
Trigger efficiency
Signal acceptance due to JES
Signal acceptance due to JER
VBF cross section
VBF Monte Carlo acceptance
PDF
VBF ANN shape due to b-tag
VBF ANN shape due to quark-gluon discriminator
VBF ANN shape due to UE modeling
GF cross section
GF Monte Carlo acceptance
GF ANN shape

Individual contributi
to w uncertainty

depending on the stati

+20%
+20%
+1.5%
+10%
+4.4%
+5—8%
+10%
+2%
+3%
+10
+5%
+2%
+2%
-8 — +2%
+15%
+50%
+50%

o

of each category

Effect of removal

1 uncertainty (9
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VH: SIGNAL REGIONS

Variable
pr(V)

W(v)H
[100-130] [130-180] [>180]

W(rv)H
[>120]

Z(C€)H
[50-100] [>100]

Z(vv)H
[100-130] [130-170] [>170]

Mg
pr(j1)

pr(j2)

pr(ij)

m(jj)

E%l_'llss

PT (T)

pr (track)

CSVlﬂilK

Csvmin

N;lj

Na £

Ad(V, H)

A (EF™, jet)

A p(EPSS, EFS(tracks))
E%li*"*" significance

A qb(Elil_liss, {J)

=30

=30
>100
<250

>45

>0.40

=30
>30
>120
<250
>80
>40
=20
>0.40
>0.40

=0

[75-105]
=20
=20

[40-250] [<250]

[>0.50] [>0.244]
>0.244

=60
=>30
[>100] [ > 130] [ > 130]
<250
[100-130] [130-170] [>170]

>0.679
>(0.244
(<21 --1[ "]
=0
>2.0
[>0.7] [=0.7] [>0.5]
<0.5

[>310-- 10~

S. Donato (Pisa)
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VH: VARIABLES USED IN THE MVA

Variable

pr(1), pr(>): transverse momentum of each Higgs boson daughter
m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or El}““
N, number of additional jets (see caption)
CSV . : value of CSV for the Higgs boson daughter with largest CSV value

CSV i, : value of CSV for the Higgs boson daughter with second largest CSV value

A¢(V, H): azimuthal angle between V (or EF*) and dijet

|An(jj)|: difference in 1 between Higgs boson daughters

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

A6 ,: color pull angle [43]

AG(ET'™, jet): azimuthal angle between ET™™ and the closest jet [only for Z(vv)H]

max CSV,;: maximum CSV of the additional jets in an event [only for Z(vv)H and W(€v)H]

min CSV,;: minimum distance between an additional jet and the Higgs boson candidate [only for Z(yv)H and W({v)H]

Invariant mass of the VH system [only for Z({€)H]

Cosine of the angle between the direction of the V boson in the rest frame of the VH system and the direction of the VH system in the
laboratory frame [only for Z(€€)H ]

Cosine of the angle between the direction of one of the leptons in the rest frame of the Z boson and the direction of the Z boson in the
laboratory frame [only for Z(€€)H

Cosine of the angle between the direction of one of the jets in the rest frame of the reconstructed Higgs boson and the direction of the
reconstructed Higgs boson in the laboratory frame [only for Z(¢{)H]

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment



VH: CONTROL REGIONS

Variable 7 4+ jets {7 Variable W + LF tr W + HF

pr(iy) >30 >30 >30
mee [75-105] & [75-105] pr(in) Z30 “30 30
pr(in) >20 >20 pr(ii) >100 >100 >100
1) >20 >20 m(jj) <250 <250 <250, & [90-150]
pr(V) =50 [50-100] CSV € [0.244-0.898] >0.898 >(.898
m(jj) <250, & [80-150] <250, & [80-150] Ny =2 -1 =0
CSV, >(0.244 >0.244 Nae —0 —0 —0

Emiss >45 >45 >45
Csvmin >0.244 >0.244 El}m’" significance >2.0(;,L), >3.0(€) T

Variable Z+LF Z + HF i W +LF W + HF
[100-130] [130-170]  [100-130] [130-170]  [100-130] [130-170]  [100-130] [130-170]  [100-130] [130-170]
Episs [>170] [>170] [>170] [>170] [>170]

) =60 >60 >60 =60 =60

Pria) =30 =30 >30 =30 =30

prij) [=100] [>130] [>130] [>100] [>130] [>130] [=100] [>130] [=130] [=100] [>130] [>130] [=100] [>130] [>130]
m(jj) <250 <250, & [100-140] <250, & [100-140] <250 <250, ¢ [100-140]
CSV hax [0.244-0.898] >0.679 >().898 [0.244-0.898] >0.679
C'Svmin e =>().244 s PN >().244

Ny [<2] [---11[---] [<2] [---1[---] =1 =0 =0

Ny =0 =0 =1 =1 =1

AV, H) o >2.0 e . >2.0

A D(EDS jet) [>0.7] [>0.7] [>0.5] [>0.7] [>0.7] [>0.5] [>07] [>0.7] [>05] [>0.7] [>0.7] [>0.5] [>0.7] [>0.7] [>0.5]
A G(EMSS, ET (tracks)) <0.5 <0.5 S aee e

ETss gignificance [=3][---1["] [=3][---1[--] [=3][---1[ -] [=3][---10[-"] [=3][---][---]

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment



VH: SCALE FACTORS

W + udscg
W+ b

W + bb

Z + udscg
Z+b
Z+bb

11
Intermediate p(V)
W + udscg
W+ b

W + bb

Z + udscg
Z+b

Z +bb

1t

High p1(V)

W + udscg
W+ b

W + bb

Z + udscg
Z+b

Z + bb

tr

W(€v)H

1.03 = 0.01 = 0.05

1.58 £ 0.26 = 0.24

1.03 £ 0.01 = 0.04

1.02 = 0.01 = 0.07
2.90 = 0.26 = 0.20
.30+ 023 £0.14

1.02 = 0.01 =0.15

1.04 = 0.01 = 0.07
246 x0.33 £0.22
0.77 = 0.25 = 0.08

1.00 £ 0.01 = 0.11

1.11 £ 0.04 = 0.06
1.59 £ 0.07 £ 0.08
0.98 = 0.10 = 0.08
1.10 = 0.05 = 0.06

1.11 = 0.04 = 0.06
1.59 = 0.07 = 0.08
0.98 = 0.10 = 0.08
1.10 = 0.05 = 0.06

Z(vv)H

0.83 = 0.02 = 0.04
230+ 0.21 =0.11
0.85*024=0.14
1.24 = 0.03 = 0.09
2.06 = 0.06 = 0.09
1.25 2 0.05 = 0.11
1.01 £0.02 = 0.04

0.93 = 0.02 £0.04
2.08 =0.20 = 0.12
0.75 = 0.26 £ 0.11
1.19 £ 0.03 = 0.07
230 = 0.07 = 0.08
L11 £0.06 =0.12
0.99 = 0.02 = 0.03

0.93 = 0.02 = 0.03
212022 =0.10
0.71 £0.25 + 0.15
1.17 £ 0.02 = 0.08
2.13 = 0.05 = 0.07
1.12 £ 0.04 £0.10
0.99 = 0.02 = 0.03
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VH: P-VALUES 2o,
,‘\)iélf\[-l\[()[\l
@
=
©
=
o
[ = -1
o \s=7TeV,L=5.01b
&) = -1
- \s=8TeV,L=1891b
Pp— VH; H— bb
—&— Observed
Expected from SM Higgs boson
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Z(vv)H(BB): CANDIDATE EVENT
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Events / 5 GeV

Data/MC

VBF: BACKGROUND DISTRIBUTIONS

Events / 0.04

Data/MC

QCD
7 + jets
t

t
t
W + jets
VBF My (125)
GF My (125)
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Presel. & Trigger
® Data (19.0 fb)

)—> bb
— GF H(125)— bb

02 04 06 08 1.2
ANN Output

8.7e+3

54
15
10

7
<1
33

2
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2D Touer

CMS Experiment at LHC, CERN

Data recorded: Sat Aug 4 21:17:51 2012 CEST
Run/Event: 200245 / 198478589

Lumi section: 175

bb dijet invariant mass: 114 GeV

qq dijet invariant mass: 1.3 TeV \
additional soft HT: 1 GeV P . SO N

qq jets pseudorapidity opening: 5.17

Rno Phi lalmEael]

b-tag discriminator: 0.999
secondary vertex mass: 1.8 GeV

gluon likelihood: 0.012

gluon likelihood: 0.002

\! b-tag discriminator: 0.925
hsecondary vertex mass: 2.1 GeV

S. Donato (Pisa) Search for the SM Higgs boson decaying to b quarks with the CMS experiment



VBF: USED VARIABLES

. A11qq the pseudorapidity separation between the b-tag sorted qq jets.

. 0A1nqq the pseudorapidity separation difference between the b-tag sorted and the 7

sorted qq jets. This difference is expected to be mostly zero for preselected signal events
where the non-b-tagged (VBF) jet pair is often the most forward-backward.

. Mgq the invariant mass of the b-tag sorted qq jet pair.

1. 112‘3105’ the average pseudorapidity of the b-tag sorted qq jet pair system.

. CSV, the CSV b-tagging output for the most b-tagged jet.

. CSV; the CSV b-tagging output for the second most b-tagged jet.

. QGL, the quark/gluon likelihood discriminator output for the third b-tagged jet.
. QGL; the quark/gluon likelihood discriminator output for the least b-tagged jet.
. 12 the pseudorapidity of the third b-tagged jet.

. H$*% the scalar pr sum of the additional “soft” Track-Jets with pr > 1 GeV.

. cos 0 the cosine of the polar angle of the vector g, X p,, in the Higgs boson rest frame

(the frame where the momenta of the two most b-tagged jets are back-to-back), where g;
and q; are the least b-tagged jet pair. The angle @ is essentially the angle between the qq
and bb planes.

. cos &« the polar angle of the vector p,, + p,, in the Higgs boson rest frame.
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