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Search for the Standard Model Higgs boson decaying into a bottom quark pair. ﬁ
Why & What —
5 Searches and Measurement of the SM @
Higgs boson: r
”
» Search for H->bb: test for fermionic final state. -
» Large QCD background = Inclusive H(bb) production )

too challenging

3 Search Analysis:

» Need to search for H=>bb in associated production:
» Less background.

> Lower Cross-section.

» Associated production with:
»Vector boson: VH(bb) [PhysRevD.89.012003]

»Quarks: VBF H to bb [CMS-PAS-HIG-13-011]
»Top quarks: ttH Hto bb [CMS-PAS-HIG-13-019]
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

Z/W + H(bb)

Analysis strategy:
1) Event Selection and Categorization

> Select boosted events on P, V.

» Vector boson decaying leptonically:
- 6 channels: 2x W(lv), 2x Z(ll), Z(vv), W(tv)

» Categorization depends on P, V:

W(lv) W(tv) Z(Il Z(vv)
low 100 — 130 50-100 100-130
intermediate 130-180 > 120 130 - 170
high > 180 > 100 > 170

R

- Large azimuthal opening angle, Agp(V,H)
- Total of 14 Categories (e/p).

2) Multivariate analysis: BDT
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Improved mass resolution:

» using multivariate (BDT) jet-
energy regression.

» Trained with ZH signal M.C.

» validated with Z+jets data.

- Impact on M;; spectrum:

{oF T T T
- CMS Simulation
" |s=8TeV

— Z(I'T)H(bb), p§ >100 GeV

L ] T T 7T l L I LI l_

—— Nominal R
c:15.8 GeV (13.2%)
Regression ]
o0:12.4 GeV (10.0%).

Events / 2 GeV

|1 v b b by by -; —
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL
Z/W + H(bb) —

BDT approach

» Cascade BDT.
» Samples divided in four subsets.
» Each enriched in: tt, V+jets, dibosons, and VH

» 14 BDT distributions are considered

» each P; V categories
» Electron/muon for Z(Il) & W(Iv)

Background:

» Control regions identified in data.

» Used to validate the simulation modeling
of the distributions used as input to the
BDT discriminants

» To obtain scale factors used to adjust the

simulation event yield estimates for the
most important background processes

<
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL

Z/W + H(bb): Results

my = 125GeV /oy (95% CL) o /ogvm (95% CL)  Significance  Significance

median expected observed expected observed
W(lv,1v)H 1.6 23 1.3 1.4
Z((0)H 1.9 2.8 1.1 0.8
Z(vv)H 1.6 2.6 1.3 1.3
All channels 0.95 1.89 2.1 2.1

» Excess of events is observed above the expected background.
» Observation agrees with Standard Model expectation for Higgs boson @ 125 GeV.

\s=7TeV,L=5.0f" 1s=8TeV,L=18.9fb" S, 6_[ TC]M'SI | AL N L B LN B BN |
. .pe CMS m,, = 125 GeV c [ N
Local Significance: o0 > VH: Ho> 5 S is=7TeviL=50m" Tt CE
Combined i = 1.0+ 0.5 € 5__ \s=8TeV,L=1§.9 fo' CL, Expected
: B pp_>VH;H_>bb ) CLg Expected + 16 |
$) i CL Expected + 20:
o 41 ]
. ege Z(vv)H(bb) = F ]
» Significance: h=10%08 2
2.10 obs. (2.10 exp.) % 3
Z(T)H(bb) ¢ |
. n=08+1.0 o~
> Best fit: o 2
u=1.0+0.5
W(lv,tv)H(bb) 1
p=1.1+£0.9
L I I | | L L . :I 1 | 1 1 I L 1 | 1 I | 1 1 | I 1 | L 1 I L 1 | 1 }j
2 0 2 L4 110 115 120 125 130 135
Best fit u
my [GeV]
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

Z/W + H(bb): Cross Check ?
a 8 fems T Vo
Mbb search: % 80_ \s= 7TeV,L=5.0fb"_1-VH
8 Fo\s= 8TeV,L=1§.9fb DVV
2 5 — VH; H— bb 7
» more restrictive selection optimized for 5 60 " e ]
sensitivity in this single variable ; [ i
2 401 N
wn - i
» Higgs boson of mass 125 GeV. B ]
» 95% CL upper limits on o/0o,, 201" B
Expected: 1.4 x SM I gﬁ T ]
Observed: 2.0 x SM (A= ap— -
| |

Coovovoo Py v v v b by by vy |7
0 50 100 150 200 250

- Single variable gives consistent results m(j) [GeV]
. . Combined CMS ;’r;l:;(i)rr\:ry VZ(bb)
Dibosons (VZ, Z—>(bb)) analysis:(arxiv:1403.304)
» validation of the multivariate approach 220 _J_
» BDT discriminants also trained to find diboson
signals (ZZ and WZ, with Z - bb) i -
> In agreement with expectation. —
» Check and measure of the VV cross section e | o
K ’ 1 Bezst fit O/S(ISM
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

VBF H(bb) ‘
Fully hadronic final state:

> VBF selection
> 4jets
» Dedicated trigger:
> CMS L1: 3 jets.
» Only one of the two leading jets allowed to be
forward

» HLT: four jets (one b-tagged), one pair with large my;
An..
JJ

» Use of Quark/gluon-jet tagger
» Distinguish quarks/gluon jet up to |n|<4.7

» Reconstruct VBF jet pair “qq” g Frea 8 o
1. Pair of least b-tagged jets 2 S"“)
2. Largest pseudorapidity separation. & EW
R
» Discriminate VBF against QCD
> ANN: MVA considering distributions and P ——
correlation of various discriminating variables. £ e ——

ooz 04 o6 o8 1
3rd jet (btag ordering) quark-gluon discriminant
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

UCL

VBF H(bb)

4
Measurement Strategy:
< S Preliminary s =8TeV —
O. Presel. & Trigger . . .
S 10° ¢ ooy Categorization according to neural net output:
n QCD (x 1.31)
€ 10 : .. : :
o : » No kinematic information of b-tagged jets
o 1 03 -smgle top
107 y arione > Minimal correlation with M(bb)
10
o Cat. 0 Cat. 1 Cat. 2 Cat. 3 Cat. 4
E . ; ................................... ...... ........... ........... ......... ANN<0.52 052S ANN<O76 0.76S ANN<0.90 0.905 ANN<0.96 ANN20.96
§ 0,,| CMS Preliminary Vs=8TeV L=19.0 fb’
04 -02 0 02 04 06 08 1 12 % """""""""""(':A'T;"""""
ANN Output G 200 {, N Data E
LD_ Background-only Fit ]
JFit+1o b
S 150 [:]Ei:t;o B
. 1] [ Signal (125 GeV) x 10 I
- Use M(bb) to extract signal: g 100
» In the 4 categories w g
» B-jet energy regression to improve |
resolution. (same as VH analysis) = 7
S of
© 3
o 3
Rl S R B B B B B BN B B
80 100 120 140 160 180 200 220 240
M,, (GeV)
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL

VBF H(bb): Cross-check & Results

Q

Cross-check :Search for Z=>bb peak in the m(bb) spectrum.

CMS Preliminary

§150002— (s=8TeV —é

» Same event pre-selection. N - | o =
» Same fitting procedure. 2 sowf- = S .
» Result in agreement with the expectations: - oE E
- observed (expected) significance: 8.0 (6.8) g f + E

P SN TN ST S M N R PELE

8 RIS 1 LA VS I PR TR T A

80 100 120 140 160 180 200 220 240

My, (GeV)
14— I B L L
& - CMS Preliminary —=— CL, Observed |
\b 12— s =8 TeV — - CLg Expecte'd 0
Results: = 5 L=19.0fb" - CL H125 Injected .
o 10— VBF H— bb CLg Expected+ 10 ]
:'E' - CL4 Expected+ 20 .
— 3 - -
> Limit at 125 GeV: 2 O .
» Observed: 3.6 x SM g e .
> Expected 3.0 x SM 2 o B
) - .
> Best fit: n=0.7+1.4 I ———R E
C 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ]
0 115 120 125 130 135

Less sensitivity than the VH channels Higgs Mass (GeV)
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

TTH H>bb

Analysis strategy:

tt system considered decay channels: 1-2 leptons

Q

CMS Preliminary Ys=8TeV,L=19.5fb
Lepton + >4 jets + >2 b-tags

» Categorization depends on g 10°
» number of jets 10°
» number of b-tagged jets 10*

10°

» Semi-leptonic: 7bins (4 jets-3b’s to 6 jets-2b’s)
» Dileptonic: 3 bins (3jets-2b’s - 24 jets-2b’s - >23b’s)

102

10
4

2-
[&] E
b g
o+ g I_ l::l
of : : : :
2 3 4 5
Number of b-tags
» Use of Boosted Decision Tree: 0 BN
. . . tt+If tt+cc tt+b tt + bb
> Trained separetely in each categories. ’ " T
. . . . Single t tt+w,z . EWK Bkg. Unc.
» Object kinematic, event shape, CSV b-tag.

. Data —— ttH(125) x 30
» Up to 10 variables used (depends on cat.). +
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

TTH H->bb G
Post-Fit (S+B)
CMS Preliminary Ys=8TeV,L=19.5fb @
BDT and Results 250 |

Lepton + >6 jets + 3 b-tags

tt+If

Limits: —
on o/og,, for SM Higgs of m,, =125GeV at 95%Cl
extracted from the BDT output

I Single t
tt+Ww,2
BN EWK

100~ 7~ Bkg. Unc.

CMS Preliminary s=8TeV,L=19.5fb" —+— Data
- Expected = 10 C &
Combinaton— ¢+ |  |eee- Expected + 2 o o
— Observed
L J : 2 Fitt1o Fit +2¢ p-value (x?) = 0.510
ton + Jets — ] o i
epton + Jets : % 1l .
Dilepton (— ‘ 008 06 -04 02 0 02 04 06
: BDT output
Tau . Exp Obs
IIII|IIIlllIIIEIIIIIIII]lIIllIIIII Channel (O-/O-SM) (O—/O—SM)
0 5 10 15 20 25 30 35 T 1
95% CL limit on o/og,, at m,, = 125 GeV LJ 4.7 4.9
DIL 8.2 9.1
TAU 14.2 13.2
Dataset: 5.0fbl (@ 7 TeV -2011) 7 TeV LJ + DIL 6.7 5.9
19.5 fb'l (@ 8 TeV —2012) vy 5.4 5.5
COMB 2.7 3.4
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

H-> bb Summary

» CMS Collaboration performed searches for a Standard Model
Higgs boson decaying in a bottom quark pair.

» Three production modes investigated:
i Rz ]

» Associate production with vector boson (WH / ZH).

- Most sensitive analysis
[PhysRevD.89.012003] (5.0 + 19.5 fb-")

» Higgs production by vector boson fusion. gl
[CMS-PAS-HIG-13-011] (19.5 fb'") !

» Associate production with top quark pair. =l
[CMS -PAS- HIG 13- 019] (5. 0 +19.5 fb 1) and [10 1007/JHEP05(2013)145] (5 0+5.1 fb ) ﬁl

<<<<<<

al!!!u:

V4R W 70 R ST T T .

CMS: H->bb in VH with significance of 2.10 (2.10 exp.)

H->bb is doable at the LHC and
we look forward towards measuring this decay unequivocally
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL
H-> bb R

> '- - )
—"W- S
G N Ty

- Next round Wit
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL

Backup
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

WH / ZH \

Event Selection for VH analysis

Variable W(/v)H W(tv)H Z(/0)H Z(vv)H
pr(V) [100-130] [130-180] [>180] [>120] [50-100] [>100] [100-130] [130-170] [>170]
Mgy - - [75-105] -
pr(i1) >30 >30 =20 >60
pr(iz) ~30 ~30 >20 ~30
priji) >100 >120 - [>100] [>130] [>130]
m (jj) <250 <250  [40-250] [< 250] <250
Emiss ~>45 >80 - [100-130] [130-170] [> 170]
pr(T) - >40 - -
pr(track) - >20 - -
CSV >0.40 >040 [>0.50] [>0.244] ~0.679
CSViin >0.40 >0.40 >0.244 >0.244
Ns; - - - <2 [
N.s —0 —0 - —0
A¢p(V,H) - - - >2.0
AP(EF™s, jet) - - - [>0.7][>0.7] [>0.5]
A¢(EF*®, EF(tracks)) - - - <0.5
Efss Significancﬁ* - - - [=3][-]11-]
Ap(EF, ¢) < /2 - - -
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8 Search for the Standard Model Higgs boson decaying into a bottom quark pair. UCL
WH / ZH —

VH analysis: BDT variables

Variable

prii1), pr(j2): transverse momentum of each Higgs boson daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or E?‘L“)

N,j: number of additional jets (see caption)

CSV ax: value of CSV for the Higgs boson daughter with largest CSV value

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

A¢(V,H): azimuthal angle between V (or E"“”) and dijet

\A#(jj)|: difference in 5 between Higgs boson daughters

AR(jj): distance in 5—¢ between Higgs boson daughters

ABp: color pull angle [43]

A<p( Ef* jet): azimuthal angle between EF** and the closest jet (only for Z(vv)H)

max(CSV,;: maximum CSV of the addlhonal jets in an event (only for Z(vv)H and W(/v)H)

minAR(H, aj): minimum distance between an additional jet and the Higgs boson candidate (only for Z(vv)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)
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8 Search for the Standard Model Higgs boson decaying into a bottom quark pair.

UCL

Z/W + H(bb): Sources of systematic uncertainties

For the BDT analysis:

Event yield uncertainty Individual contribution  Effect of removal

Source Type range (%) to u uncertainty (%) on p uncertainty (%)
Luminosity norm. 2.2-2.6 <2 <0.1
Lepton efficiency and trigger (per lepton) norm. 3 <2 <0.1
Z(vv)H triggers shape 3 <2 <0.1

Jet energy scale shape 2-3 5.0 0.5

Jet energy resolution shape 3-6 59 0.7
Missing transverse enerov qhnpe 3 32 02
b-tagging shape 3-15 10.2 2.1

Signal cross section (scale and PDF) norm. 4 3.9 0.3

Signal cross section (pt boost, EW /QCD) norm. 2/5 3.9 0.3

Monte Carlo statistics shape 1-5 13.3 3.6
Backerounds (data estimate) norm. 10 15.9 5.2
Single-top-quark (simulation estimate) norm. 15 5.0 0.5
Dibosons (simulation estimate) norm. 15 5.0 0.5

MC modeling (V+jets and tt) shape 10 74 1.1

» Dominant systematic uncertainties:

> b-tagging.
» MC statistic.
» Background measured in the control regions.
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8 Search for the Standard Model Higgs boson decaying into a bottom quark pair.

Distribution of the ratio between the pT(jj) and
the pT of the dilepton system on data versus

MC.

After regressmn
@ T L L BN N BN BRI
= " cMs Prellmmary > Dua ]
< 1000} Vs= 8TeV,L=19.0 fb" ]
b= - CJz+b ]
1] 800 Etz;udscg 1
B I Single top N
: ——— MC uncert. (stat.) :
600 — |
400 — |
200— |
0 et v
o 2F %, =0.778 K, =093 [ ]MC uncert. (stat.) =
S1.5F + =
8 LE E
= 1B + ----- 83801010 010190010 -%
00.5? $-4 E
0 02 04 06 08 1 12 14 16 18 2
e
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Z/W + H(bb): Regression data validation

P, balanc

before regression

® 1000 " T T T
= - CMS Preliminary
- - {s= 8TeV,L=19.0 b’
8 - Z(I'")H(bb)
S 800
C —
LLI .
600 —
400—
200—

-
(6 ¢ ) I\ o ]
T[T

LI L e

® Data

[ VV(b)

[ VV(udscg)

[ Jz+bb

CJz+b

[ Z+udscg

. i

I Single top

~— MC uncert. (stat.)

lIlIlllIlllIl[lllllr

02 04 06 08 1

o

12 1.4 16 18 2

p, balance before regression
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¥ Search for the Standard Model Higgs boson decaying into a bottom quark pair.

VBF

VBF systematics

Q

Source Uncertainty
Background fit depending on the statistics of each category
Z+jets cross section +20%
top cross section +20%
Signal and Z peak position (JES) +1.5%
Signal and Z resolution +10%
Luminosity +4.4%
Trigger efficiency +5—8%
Signal acceptance due to JES +10%
Signal acceptance due to JER +2%
VBF cross section 3%
VBF Monte Carlo acceptance +10%
PDF +5%
VBF ANN shape due to b-tag +2%
VBF ANN shape due to quark-gluon discriminator +2%
VBF ANN shape due to UE modeling —8 — +2%
GF cross section +15%
GF Monte Carlo acceptance +50%
GF ANN shape +50%

PHENO 2014 - Pittsburgh
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

UCL

&

Expected number of events in the mbb interval [70,250GeV], in each
ANN output category.

VBF

VBF Event yields

Sample/ANN range | < 0.52 | 0.52 —-0.76 | 0.76 —0.90 | 0.90 —0.96 | > 0.96
QCD 1.9e+6 3.2e+5 1.1e+5 2.7e+4 8.7e+3
Z + jets 5531 1222 531 124 54
tt 12730 1032 190 33 15
t 1839 383 128 25 10
t 895 226 73 15 7
W + jets 2033 226 50 4 <1
VBF Mpy(125) 66 79 84 49 33
GF Mp(125) 94 37 18 6 2

5/05/14 Arnaud Pin
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Search for the Standard Model Higgs boson decaying into a bottom quark pair.

=
2
°
7}
2
g
E
S
S

UCL

4 jets, 3 b-tags 4 jets, 4 b-tags
Z jet 1 pr jet 1 pr
jet 2 pr jet 2 pr
jet 3 pr jet 4 pr
h BDT variabl e p
tt Va rl a e S M3 >~ pr(jets,lepton, MET)
>~ pr(jets,lepton, MET) M3
HT

ave CSV (tags)

Per categories.

lowest CSV (tags) second-highest CSV (tags)
MHT third-highest CSV (tags)
MET

lowest CSV (tags)
5 jets, > 4 b-tags

5 jets, 3 b-tags

jet 1 pr r%ax A(n (tlag, aveI\J;Iel'fjg))
° jet 2 pr pr(jets,lepton,
Lepton+jets (% et pr) (% et )

jet 4 pr ave AR(tag,tag)
>~ pr(jets,lepton, MET) ave CSV (tags)
(2 jet pr)/ (X jet E) dev from ave CSV (tags)
HT second-highest CSV (tags)
ave CSV (tags) third-highest CSV (tags)
third-highest CSV (tags) lowest CSV (tags)
fourth-highest CSV (jets) ttbb/ttH BDT
> 6 jets, 2 tags > 6 jets, 3 tags > 6 jets, > 4 tags
> pr(jets,lepton, MET) Ho (2 jet pr)/(X jet E)
HT sphericity ave AR(tag,tag)
mass(lepton,closest tag) (2 jet pr)/ (X jet E) product(An(leptonic top, bb), An(hadronic top, bb))
max An (jet, ave jet 1) max An (jet, ave jet 1) closest tag mass

min AR(lepton,jet) S~ pr(jets,lepton, MET) max An (tag, ave tag )
Hy ave CSV (tags) ave CSV (tags)
sphericity second-highest CSV (tags) third-highest CSV (tags)

(T jet pr)/ (X jet E) third-highest CSV (tags)
third-highest CSV (jets) fourth-highest CSV (jets)
fourth-highest CSV (jets) ttbb/ttH BDT

fourth-highest CSV (tags)
best Higgs boson mass
ttbb/ttH BDT

5 jets, > 4 tags
ave AR(tag,tag)
max An (tag, ave tag 7)

> 6 jets, 3 tags > 6 jets, > 4 tags
tagged dijet mass closest to 125 Hs

Event variables used in
additional ttbb/ttH BDTs

(% jet pr)/(Z jet F)
tagged dijet mass closest to 125
Hy
Hj3
>~ pr(jets,lepton, MET)
fourth-highest CSV (tags)
aplanarity
MET

(S jet pr)/(E jet E)
V/An(tep, bb) x An(thed, bb)
Hy
H3
M3
max An (tag, ave tag n)
max An (tag, ave jet )
max An (jet, ave jet n)
abs An (hadronic top, bb)
abs A7 (leptonic top, bb)
sphericity
aplanarity
min AR(tag,tag)
jet 3 pr

ave AR(tag,tag)
closest tagged dijet mass
sphericity
max An (tag, ave jet n)
max A7 (tag, ave tag n)
mass(lepton,jet, MET)
(£ jet pr)/(2 jet E)
abs An (leptonic top, bb)
abs An (hadronic top, bb)
/A0, 56) x An(#hed, bh)
ave CSV (tags)
best AR(b,b)

best Higgs boson mass

median inv. mass (tag pairs)




i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

TTH

Q

tth BDT variables Dilepton
Per categories.

3 jets, 2 b-tags >4 jets, 2 b-tags >3 jets, >3 b-tags
ave CSV (tags) ave CSV (non-tags) ave CSV (tags)
min AR(jet,jet) min AR(jet,jet) min AR(jet,jet)
> pr(jets,leptons) > pr(jets,leptons) > pr(jets,leptons)
ave CSV (non-tags) Number of jets Number of HiggsLike dijet 15
HiggsLike dijet mass HiggsLike dijet mass
HiggsLike dijet mass?2 HiggsLike dijet mass2
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i Search for the Standard Model Higgs boson decaying into a bottom quark pair.

TTH ucL

ttH expected Event Yields

>6 jets 4 jets 5 jets >6 jets 4 jets 5 jets >6 jets
2 b-tags 3 b-tags 3 b-tags 3 b-tags 4 b-tags >4 b-tags | >4 b-tags
ttH(125) 33.4 £+ 8.1 14.0 + 3.0 21.1 + 4.5 23.1 + 5.5 1.8 +0.5 52+ 14 8.3 £ 23
tt+1f 7650 4+ 2000 4710 £ 820 | 2610 + 530 | 1260 + 340 74 + 30 79 + 34 71 £+ 36
tt+b 530 £ 300 350 + 190 360 + 200 280 + 160 21 £ 12 29 £+ 17 33 + 20
. tt + bb 220 + 120 99 + 52 158 + 85 200 =110 | 13.1+ 7.3 38 +£21 78 + 47
I_+ jets tt + cc 1710 £ 1110 440 + 230 520 + 290 470 £+ 280 19 £ 11 32 + 18 52 + 31
ttV 99 + 27 16.2 + 3.8 23.9 £+ 5.7 288+ 74 1.14+04 2.5+ 0.7 5.8 + 1.8
Single t 264 + 54 235 + 41 116 + 22 55 + 14 34+16 | 103+53 | 7.3+3.1
V+jets 160 + 110 122 £+ 95 44 + 38 29 £+ 27 2.1+24 1.9 £ 1.7 1.2+ 1.3
Diboson 59+ 1.6 6.3+ 14 2.4 + 0.7 1.0+ 04 0.3 £0.2 0.1 £0.1 0.2 £0.1
Total bkg | 10630 4 2790 | 5970 4+ 1060 | 3830 4+ 790 | 2310 £+ 620 | 133 4+ 44 193 + 62 249 + 90
Data 10724 5667 3983 2426 122 219 260
| | 3 jets + 2 b-tags | >4 jets + 2 b-tags | >3 b-tags |
ttH(125) 77+ 14 16.1 £+ 3.1 11.2 £ 2.5
tt+1f 7460 + 1060 3190 + 680 289 + 83
tt+b 189 + 97 172 + 93 149 + 82
tt + bb 38 £+ 20 58 &+ 31 80 4 44
tt + cc 480 + 260 510 + 300 147 £ 79
. ttV 30.2 + 6.3 54 + 12 11.9 + 2.9
Dilepton Single t 229 + 35 97 + 16 17.3 + 5.1
V+jets 350 + 130 151 4+ 66 40 + 23
Diboson 104 + 1.7 3.1 +£0.6 0.7 £ 0.4
Total bkg 8770 £+ 1250 4230 + 850 740 £+ 190
Data 9060 4616 774
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