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The ATLAS detector



VH, H—bb channel

BR(H — bb) ~ 958 % (expected) YR4, CERN-2017-002-M
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multijet background— large production cross section at LHC

— background rejection impossible in pp—H
Associated production VH (V=W o 2),

V leptonic decay — clear signature, easier background rejection

LHC HIGGS XS WG 2016


https://inspirehep.net/record/1494411

Event classification

Three topologies studied (0, 1, 2 charged leptons):
e H—-bbZ-—-w
e H-bbW—lv(l=ep)
e H—-bbZ—ll(=e )

<

e Trigger: p,™*° e Trigger: electron or p_mss e Trigger: lepton




Event selection

Higgs decay product selection

p,™° > 150 GeV

0 charged leptons
Angular selections —
reduce multijet
background

2 or 3 jets
exactly two b-jet

q

p," >150 GeV
e Only 1 charged lepton

p,%>75 GeV
2 charged leptons
Zmass: 81 <m, <101 GeV
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Z+heavy flavour, W+heavy flavour — dedicated control region in 1-lep channel
top ( e single-top) — dedicated control region in 2-lep channel
— suppressed with dedicated cuts, estimated with data-driven

methods in 1-lep channel

—s final state similar to WH, estimated from simulation



Multivariate analysis

Variable O-lepton  1-lepton  2-lepton . .
- - P P Boosted Decision Tree (BDT):
= EmlSS . . .
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T .. . .
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Multivariate analysis

Signal extracted using likelihood fit to data using templates.

Signal strength 1 =

O measured

Oexpected(SM)

Systematic uncertainties (experimental and modelisation)
described in the likelihood L(u, 8) with nuisance parameters ©

Events / 10 GeV (Weighted, backgr. sub.)
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Cut-based selection to validate the

multivariate analysis
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80fb - First H—bb observation!

VBF+ggF

ttH

VH

Comb.

Significance
Signal strength Signal strength g—
Exp. Obs.
0-lepton 1 .04i8:;‘2‘ 3.1 33
1-lepton 1 .09f8:i;’ 24 26
2-lepton 138048 2.6 34

VH, H — bb combination 1.16“:8:%; 43

ATLAS

1

T T
H- bb s=7TeV, 8 TeV, and 13 TeV

4.9

ol St 4.7 10" 20.3 b, and 24.5-79.8 fb™!
—Total at.
(Tot.) ( Stat., Syst.)
) +1.16 +1.01  +0.57
F T e 9+ 1.68 112 (_1<00 » -0.51 )
+056  (+0.28 +0.48
¢ — 1.00 ~0.54 (4).27 > -0.46 )
+022 (4014 +0.17
o4 0.98 -0.21 (—0.14 » -0.16 )
: +0.12 +0.16
[ 2] (Zo42+ 015 )
L e b oo gl o
1 2 3

Combination with other
production channel.
Observed significance: 5.4
o (expected 5.50)




Observation of the VH production

Study of the VH production —combination with searches in other decay channels

ATLAS VH {s=13 TeV, 79.8 fb™
— Total — Stat.

( Tot.) ( Stat., Syst.)

y 1.30 +1.26 +0.32
H-> ZZ |1 J 4 094 "o (Toss s lova )
0.60 +0.53 +0.28
H-> yy R 1.03 "oos (Y0505 052 )
_ +0.27 +0.16  +0.21
H- bb F-eo—H 117 7% (016019 )
0.24 +0.15 +0.18
Comb. ko 1.13 t0.23 (_015 y —0.17 )
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MVH

Channel Significance
Exp. Obs.
HoZZ*—4 11 1.1
H—vyy 19 1.9
H — bb 43 49

VH combined @

Main contribution from H—bb
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What's next?



Beyond the standard model: effective field theories

.[,ZLSM"'ZCE

90! /A2

T~

Operator | Expression HEL coefficient | Vertices
O, |H|2G;‘VGA”" = "2" Co Hgg
b

myy, _
O, |H|*B,,, B*"” cA=réy Hyy,HZZ
i yu|H|* i Hug+ h.c. cu = v, Htt
Ouw i (D“H)" o9 (D" H)W¢, || cHW = %EHW HWW,HZZ
Ous i (D“H)" (DYH) B,y CHB = ""g‘:v cup | HZZ
Ow i (H'o*DFH) D'Wg, || = =&y | HWW,HZZ
Os i (H'D*H) 0" B, B = —X¢p HZZ

Physics beyond the
standard model (e.g. new
resonance) — possible
deviations
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Higher deviations at high energies

(data - SM)/SM

0.1 3

| +—=— 3000 fb!

—— dim-6 BSM effect
P 2% syst.

F I syst © PDF uncert

3000 fb"

P [GeV]

Design a new analysis
optimized for BSM studies

Exploit the current analysis

and isolate possible BSM
deviations
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Simplified template cross sections (STXS)

e same event selection and background modelisation;
e splitted signal.

A

ZH ZH
ZH | 17 150 [H™ 450250

—

fixed to WH
WH sm |M

prediction

150-250 |

\Y

Pr

e isolate possible BSM effects
e easy combination with other decay channels.



Normalised to unity

Studies on BDT shape
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Using the BDT shape itis
possible to distinguish the
different contributions

WH, ZH

0<p,'<150 GeV

150<p, <250 GeV

p,>250 GeV
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Preliminary studies, expected results

o) : |
= - ATLAS Work in progress » Expected (MC)

o VH-vv/Iv/libb

g |
M10°=  ys=13Tev, 36.1 o
b I

102 =
10 4- ’f

75<p\T’<150 GeV 150<p‘T’<250 GeV py>250 GeV



Beyond the standard model

L=Lsu+ ) 0PN

Operator | Expression HEL coefficient | Vertices
O, |H|2G;‘VGA“" cG = mg:’ Cp Hgg
3

myy, _
O, |H|*B,,, B*"” cA= ey Hyy,HZZ
i yu|H|* i Hug+ h.c. cu = v2e, Hit
Ouw i (D*H) o (D"H) WS, ||cHW = “Xépy | HWW,HZZ
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Beyond the standard model

G x B, [fb]
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VH-vv/Iv/libb

Vs=13 TeV, 36.1 fb’

Expected (MC)

== SM VH /
&= cHW=0.02>

cHW=0.01

N

/

75<p\T’<1 50 GeV

150<p\T’<250 GeV

pY>250 GeV

expected limit in ATLAS

Larger deviations at higher
energies
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Signal Efficiency

High energy events

—
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0.1

currently working on 80 fb™'; 120-150 fb™' available at the end of this
year, could add a very high energy bin
Possibility to add a dedicated event selection for high energy events

------
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Preliminary studies in 1 lepton channel S/vB ~ 1.8 .



Conclusions

e Recent observation of H—bb decay!
e Recent observation of VH production!

e Exploit the current analysis to study BSM effects — STXS differential
inp,’

e Improvements with 120-150 fb™'?

e Future dedicated selection for high energy events
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Backup



Control regions
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