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Hadronic final states — Higgs to bb

H - qq via Yukawa coupling

« H- bb has a large branching ratio (~58%) — but also very large
backgrounds at hadron colliders

- After a long experimental history — finally observed in 2018

 Ongoing efforts to search for H - cc which has non-negligible
branching ratio (~3%), but experimentally much more difficult

e Ho bES:
— VH production mode is the most sensitive:
- Testing at the same time H(bb) Yukawa and VH vertex

- large branching ratio allows to probe specific phase space
regions

« ttH production
« High p-tail of the Higgs spectrum

« Focus of this talk: H- bb results with 2017 data
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VH, H- bb

Pr(b-jet)=177.3/Gi' e “Old” strategy:
- 2o

- 3 channels — 0/1/2 leptons targeting Z(vv), W(Iv)
Z(I), - leptons and MET used also at trigger level

- Vector boson + Vector boson boost (~100 GeV)
reduce greatly the background

Po(n*)=79.2 GeV

e TG - Jet b-tagging + b jet energy regression

. < fundamental tools to select higgs candidates and
Y/ . improve the mass resolution
i e e - Multivariate analysis to isolate signal from V+(HF)
jets and Top backgrounds
NEW

- Deep Neural Networks (DNNs) for jet b-tagging, improved b-jet
energy regression, S vs B classifiers

- Kinematic fit in the 2 leptons channel
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* 15% baseline dijet mass resolution

* DNN b jet regression (0/1/2 leptons):

calibration:

~10% improvement in jet resolution

Trained on b jets from tt simulation

Recovers b jet missing energy (B - [v)
Uses jet shape/lepton/SV information — works as dedicated b jet

~20% relative resolution improvement in analysis phase space

(+data/MC scale factor)

* Kinematic fit (2 leptons):

Improvement verified in data in Z+ b-jets control region

- Lepton and jet 4-vector components adjusted within the

experimental resolution with 2 constraints: Z mass, true MET =0

- Dijet mass resolution <10 GeV in the most sensitive category
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Multivariate analysis

* Multivariate discriminator per channel : =

- DNN introduced with 2017 data

Input features

41317 (13 Tev) 100 413" (13 Tev) 41.316" (13 TeV)
B : i 2 = ] . : ] 2 900
ERE X = |2 E
5 400 CMS - = B CMS ey I 1 |3
H Supplementar 2 [ Supplementary - [+ 800
> v =
& 20[1-lepton (u), tfenr. w700

- Makes use of the most discriminating g—
variables (dijet mass, V pr, A@(VH), ...) %
- About 10-15 variables — choice based " e 7
i 'g i CMS Data [ ggzHbb
on 2016 anaIySIS o X Supplementary ;ZHbg VV+HF
N el Mo Background
_ sy i categorization
* Background estimate - MC (0-lepton)
templates — normalization from data: } nsw0s Ty
£(cMs  com  mms
- Need to isolate background sources — S| Suplemenay @y Ewe
dedicated tt, V+jets, V+HF jets control 2 1 e =, e
. B s b e St o 2% %% MC uncertainty
regions 1 Y
. . DNN output
~ DNN used also to categorize events in S vs B classifier
the V+HF control regions - better (2-leptons)

control of V+bb background
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Results

511" (7 TeV) + 19.8 b (8 TeV) + 77.2 fb™ (13 TeV)

2017- 41.5 fb?! CMS e Observed
VH, H—bb — +10 (stat ® syst)
----- 2016
e R L S i 2017
— -0.26 +0.23 g  +16 (SYS)
p=1.08"7 _ (stat) == (syst)
observed (expected) significance of 3.3 (3.1) o ik A SE G S
2017 | e u ------ 1:08 ; 0..34
» 2017 data - improved sensitivity wrt to 2016 analysis at 13 TeV e T
* Uncertainty still dominated by statistical contribution, but e.g. the MC statistical '
uncertainty is not negligible ;
Combined -—- 1.01£0.17 (stat) £ 0.14 (syst)

¢ Combination with 2016+Runl results e Bl e et Sl ad s R
0 0.5 1 1.5 2 2.5 3 3.5 4

- 4.8(4.9) o for VH(bb) only Best fit u
- Adding ttH(bb) we reached the observation — 5.6 (5.5) 0 - next topic

Significance (o)
Data set Expected Observed Signal strength
2017
- 41307 (13 TeV) 413167 (13 TeV) O-Iepton 1.9 1.3 0.73 £ 0.65
kS CMS + o CcMS 1-lepton 1.8 2.6 1.32+£0.55
= Supplementary I Background Supplementary 2-lepton 1.9 1.9 1.05 + 0.59
= - Wlisco SRR o Wi o 06 Combined 31 33 1.08 £ 0.34
e ;gcn ag‘rfui;ac:;:::;‘r‘a;"ty 1t = 1.08 +0.26 (stat.)  0.23 (syst.)
C h anne | S 2H00) Run?2 42 44 1.06 £ 0.26
1n=084+054
- WH(bb) Run 1+ Run 2 49 4.8 1.01 +£0.23
combined e
0 lept.
n=072+065
1 lept.
=131£055
2lept.
2 = n=104+058
5 1 et L -2 = 0 1
8 05 ‘ ‘ Best fit u
Ry T | T T T
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More in C. Martin CMS-PAS-HIG-18-030
Perez’s talk New result! 2017 data

ttH, H - bb

* The ttH production mode allows to
probe directly the Higgs-top Yukawa g

* ttH(bb) is an important channel in the
ttH combined measurement

3 final states considered defined by
the top decays:

— Dileptonic

— Semileptonic i
_  tt+jets backgrounds everywhere
- Fully-Hadronic « QCD multijet production in the fully

e : : : hadronic channel
Sensitivity driven by semileptonic + * Ambiguity in Higgs reconstruction due to

dileptonic final states combinatorics
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Fully hadronic

multijet triggers: 6 jets + 1 b-tag, 6 jets +
2 b-tags, 4 jets + 3 b-tags

Dijet mass compatible with W for at least a
pair of non b-tagged jet

“quark vs gluon likelihood” (QGL)
discriminator for all non b-tagged jets and
average An selection between jets to
reduce the QCD background

Analysis categories:
(7-8-9 jets) x (3, 4+ b-tags)

QCD multijet backgrounds estimated from
data using #b-tags and QGL of jets

i CMS Preliminary 41.5 1" (13 TeV)

Events /0.05
S
Events /0.05

/////

3 ¥
s MR TS
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ttH, H - bb

Semileptonic

Single lepton or single lepton
+HT trigger

MET
1 isolated lepton

Events categorization:
(4, 5, 6+ jets) x ( 3+ b-tags)

CMS Preliminary 415167 (13 TeV)
SN A S L e s o
E SL(sjets, >3btags) s Data [Esignal
10° & Post-fit Wi @BSinglet
E ftcT jets
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Dileptonic
Single lepton or dilepton trigger
MET

2 opposite charge isolated
leptons

Outside of Z mass window in case
of same flavour

Analysis categories:
(3 jets, >3 jets) x (2,3,4+ b-tags*)

CMS Preliminary

41.557 (13 TeV)
T RRRRsRERES ERREREamE
10

T
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F Wi OV
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E Wb K Uncertainty
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P 4

*if # Jets
allows
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Multivariate analysis

: : : dileptonic
 Different techniques used to build CMS iy P

415" (13 TeV) &
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discriminators: g op R mee Eae g

. L% o -t§+; Dﬂ+i/es. ; E
— Fully hadronic: : .
- e 3 - . 102 E
 ttH(bb) vs ttbb with Matrix Element 5 : ]

Method (MEM)

- Semileptonic: . 1_4;_111"111{1::{m}:%:}m"m"m":::}:w_ﬁ g
« Multi-category DNN % 025\\*'“\'\“i‘\\\\\%\?&”\\#‘\": -
S 0B E L L i L b 4 4

b
- Dlleptonlc BDT discriminant

* Boosted decision tree (BDT) Post-fit distributions of

. . . the discriminators
Matrix element used as input in channels

with leptons input background

: : distributions estimated
* Simultaneous fit of all the channels from MC simulation

(tt+jets) and data
(QCD)

Events /0.1

Data / Pred.
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semileptonic
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More in C. Martin
Perez’s talk

Results

b =1.49-020 . (stat) 039, (Syst)

observed (expected) significance of 3.7 (2.6) o

2017- 41.5 fb™

b =1.15 015, ¢ (stat) 025,; 4 (SYyst)

observed (expected) significance of 3.9 (3.5) o

2016+17- 77.4 fb™

First evidence for ttH, H- bb
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Single-lepton
Dilepton

2016

2017

Combined
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35.9 b (2016) + 41.5 b (2017) (13 TeV)

CMS Preliminary
A -0.38

- 122

1.04

tot

+1.02
-1.06

+0.41
-0.37

+0.74
-0.71

stat

+0.54
-0.54

+0.19
-0.18

+0.39
-0.38

o
syst

+0.86
-0.91

+0.36
-0.32

+0.63
-0.59

- 0.85

- 1.49

+0.43
-0.41

+0.44
-0.40

+0.22
-0.22

+0.21
-0.20

+0.37
-0.35

+0.39
-0.35
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-0.15
|

+0.28
-0.25
L

0 5

- systematic uncertainty,
especially theoretical (70% of
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PRL 120 (2018) 071802

Boosted H- bb

* Higgs p; >~ 500 GeV to be sensitive to the

inclusive Higgs production S MAEALY

4~

- )] PR e 1 1 i
. . . 2, - CMS e Ry 3
- The high p; tail can be sensitive also to ff 0D @ & =
deviations from SM o P passing region Lﬁf,lumjet E
: : . = & 8 Total background 7
 Using substructure and dedicated bb-tagging e -y E
techniques - e E
4000:— =
« Data-driven background estimate 3000F- E
« 2016 result 2000} =
- Observation of boosted Z(bb) 10001 : E
. . ‘e . O: ""*‘mm'-'wL TS
— Higgs significance: 1.5(0.7) o with =
statistical uncertainty larger than the s
systematic uncertainties E|E
5

* Targeting full Run2 analysis 0 60 80 100 120 140 160 180_ 200

Mgy (GeV)
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Conclusmns H(bb) combined result

summer 2018

<5.11f"(7TeV) +<19.8fb" (8 TeV) + < 77.2fb' (13 TeV)

- H- bb had great succes with CMS Run 2 data: CMS S
ohe m— +1G (Syst)
- 2016 dataset: | stat syst
. ggF : 280+2.08+1.30
 Evidence for H(bb) in VH mode " =
* H(bb) as input to ttH combination | B RN B )
o fH | — 085023037 [P
* Inclusive search for boosted H(bb) . ___ s
- 2017 data ZH -—- 0.88 £0.24 £ 0.16
« Observation of H(bb) with an improved VH(bb) analysis N S
« First Evidence of ttH(bb) 01234567Begtﬂtu9
* Possible thanks to great b-tagging and multivariate
analysis techniques  J
: Update: ‘16+'17 data
* More to come with legacy Run2 results P
2017 149 T 0% T3
— New strategies in order to reduce the systematic Combined R R
uncertainties under investigation ST R i
— Efforts to go for differential measurements L= Slogy

Boosted ggF to be updated
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Results VH(bb)

Uncertainty source

Statistical
Normalization of backgrounds

Experimental
b-tagging efficiency and misid
V+jets modeling
Jet energy scale and resolution
Lepton identification
Luminosity
Other experimental uncertainties

MC sample size

Theory
Background modeling
Signal modeling

Total

Au
+026 —0.26
4012 —0.12
+0.16 —0.15

+0.09 —0.08 Data set

Significance (0)

Expected Observed Signal strength

+0.08 —0.07 2017

11/07/19

+0.05 —-0.05 0-lepton 1.9 1.3 0.73 +0.65
+0.02 —-0.01 1-lepton 1.8 2.6 32" & (155
0051 w003 2-lepton i Y G k) 50
+0.06 —0.05 Combined 3.1 3.3 1.08 +0.34
+0.12 -0.12 Run 2 4.2 4.4 1.06 +0.26
LT =009 Run 1+ Run 2 4.9 4.8 1.01 £0.23
+0.08 —0.08

+0.07 —-0.04

+0.35 —-0.33
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Results ttHbb

Uncertainty source Aji
Total experimental +0.15/-0.13 ji & tot(£stat +syst) significance obs (exp)
3 FH 3 b-tags 1.36+357 (+168 4215 03¢ (020
b tagging +0.08/—-0.07 7 5 (4155 *35) D2a)
FH 4 b-tags 1541148 (495 %) — (070)
jet energy scale and resolution  +0.05/—0.04 FH combined 169143 ('3322 '{1113) — (©70)
Total theory +0.23/-0.19 SL 4 jets 1731225 (+08 1247 08¢ (050)
. 2098 (4047 +0.86 e 3
signal +0.15/—0.06 SL 5 jets E il iy o) 08¢ (1.00)
B _ SL > 6jets JNRERTS | i 0m) 300 (160)
tt+hf modelling +0.14/-0.15 S scsiiiid 1.84+082 (4026 +036) 33¢ (1.9¢)
QCD background prediction +0.10/—0.08 DL 3 jets 2354440 (%g |.?._9£) — (020)
oo of siminllated 1 .10/ —0.10 DL > 4 jets 157435 (133 108 L6¢ (100)
1ze of simulated samples 0L 0.10
DL combined 1:621 020 (1030 +076) 1.9¢ (120)
Total systematic +0.28/-0.25 FH4+SL+DL combined pasiEn (e o) 370 (260)
sl +0.15/—0.15 FH+SL+DL combined 2016+2017  1.15°93 (012 10%) 390 (350)
Total +0.32/-0.29
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CMS b-tagging

41.9 fb (13 TeV, 2017)

=
©
0
o
| —
o
=} 1 + Deep.]et i : fd
D 10 sl 5 TR it gl gl :
— ;| —@— DeepCSV
£ | —&— Deepaet with SF applied
= + DeepCS\.l'wrth SF applled : S :
I . e U DT SRR P SO U SRR O SO At e eaaas H
o — udsg
==-c : ]
1072 7| A udsg with SF applied foi: gl :
el A cwnhSFapphed
IIIIJJ‘JIIII{IIIIIJ lIIIIJJJIIll[IIII-i

02 03 04 05 06 07 08 09 1
b jet efficiency

11/07/19 L. Giannini - EPS-HEP 2019

19



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

