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Why VH, H-bb?

 Large BR (58%) YR4. CERN-2017-002-M

* Direct coupling between
Higgs and quarks



https://inspirehep.net/record/1494411
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o Large BR (58%) YR4, CERN-2017-002-M e Assoclated pl‘OdUCtIOﬂ with a

* Direct coupling between
Higgs and quarks
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vector boson V (V=Z or W)

* V leptonic decay
— clear signature
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VH, H-bb channel

Three topologies studied:

« H-bb, Z— vv == 0 charged leptons

« H-bb, W- Iv (I=e,) == 1 charged lepton
« H-bb, Z- 11 (I=e,) == 2 charged leptons

0-lepton channel 1-lepton channel | 2-lepton channel |

Trigger: Efss Trigger: electron (I=e) Trigger: lepton
or E7'"% (I=p)
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Event selection

Higgs decay production selection
e 20r3 jets (OI’ more *) *only in 2-lepton channel
 exactly 2 jet b-tagged (MV2c10) with 70% b-jet eff.

c-jet mis. eff: 12.5%, light jet mis. eff.: 0.3%

0-lepton channel y 1-lepton channel

| 2-lepton channel |

* 0 charged leptons « 1 charged lepton « 2 charged leptons

« EMISS > 150 GeV « p¥ >150 GeV * Z mass:

* Angular cuts to 81 GeV <m, <101 GeV
reduce multi-jet « 75GeV < p% <150 GeV,
background p4% > 150 GeV
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ATLAS

EXPERIMENT

Candidate Event:

pp—-H(—=bb) + Z(—-ee)

Run: 337215 Event: 1906922941
2017-10-05 07:55:20 CEST
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Main backgrounds
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» Main backgrounds modelled using simulated samples
« Z+jets and W+jets
« Top (tthar and single
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top) } Dominant backgrounds, studied with control regions

» Diboson (WZ, ZZ) — final state similar to VH, used to validate the analysis
— suppressed with dedicaded cuts, contribution studied using a data-driven method
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Multivariate analysis

Variable O-lepton  1-lepton  2-lepton
— D7 = s X X
—> BT X X

by

pr X X X

by

js X X X
— 11y X X X
—> AR(by, by) X X X

|A7?(_‘11 92)| x

Agp(V, bb) X X X

|An(V, bb)| X

Mer X

min[Aa¢ (¢, b)] X

w

mo X

Myy X

ET™/\/St X

Miop X

|AY (V, bb)| X

Only in 3-jet events

pits X X X

mbbj X X X
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Boosted Decision Tree (BDT)
Input: kinematics variables

Output: BDT variable
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— discriminate between signal and bkg events
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BDT,, output

Profile Likehood Fit to the BDT distributions
— to extract the signal strength u

(c(VH) x BR(H — bb))measured

HVH * HH—sb5 = (0(VH) x BR(H — bb))expectea(SM)
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Results of VH, H—bb analysis

. . Signifi
Signal strength Signal strength Po ‘eniicance
Exp. Obs. Exp. Obs.
0-lepton 1.047075 95-107* 5.1-107* 31 3.3
1-lepton 1.097035 8.7-107° 4.9.107° 24 2 6
2-lepton 1.3876435 4.0-107% 33.100% 26
VH, H — bb combination 1.16705¢ 7.3-107° 53.1077 4.3 @ 9 )
From dlboson analy5|s From cut-based analysis
o _ATLAS‘ _..Data N - 7||\||||||||||||||||||||\|‘|||||||||_
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Observation of VH and H—bb

Leading sensitivity from VH, H—bb analysis

"""""""""" I L R L I I L B L L L I L B I
ATLAS VH I1s=13 TeV, 79.8 b’ ATLAS H—bb \s=7TeV, 8TeV, and 13 TeV
—Total — Stat Total Stat 4.7 67, 20.3 fb"!, and 24.5-79.8 b’
' Tot. ( Stat., Syst.) oa at Tot. ( Stat., Syst.)
H— ZZ | J 4 094 7 (Y. lons) VBF+ggF | | o 4 1.68 712 (Y00 Tonr)
A e 1.03 05 (%5, %0%) tH| gt 1.00 0% (1928, 1048
Ho> b6 Hen 147 0Z (018,703 VH| ok 0.98 02 (01,1017
Comb. Fe 1.13 jf,’jg‘ (t8'}§ ; fg'}? ) Comb. rT-l 1.01 *0%0 (%012, %048 )
IIII| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII | I | | I I | | I N | | 111 | 11 1 | 111 | 111
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l'LVH lJH—)bb
Combination with other decay modes Combination with other production modes
Observed significance: 5.3 o Observed significance: 5.4 o

First observation of VH production mode First observation of H—bb decay mode
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Simplified template cross-sections

» Same event classification and selection
 Signal parametrization (done at truth level): Differential pp = VH cross
* Production mode - ZH or WH ~  section measurements

 pt - cutat 75 GeV, 150 GeV and 250 GeV

-

é § ATLAS VH, H—bb, V—leptons cross-sections: %
a _ {s=13 TeV, 79.8 o' ® Observed ==Tot. unc. == Stat. unc. _
EQ 10% = , ==SM [ Theo. unc. ]
X F V=W ! V=2 -
% el = :
10% & ' T =
X E - '—.t— ]
v g E : - .
] e BT TE o
10 = # : * 3
ZH ZH - - =
ZH 075<pTV<150 g, 50<pTV<250 (% L X _— —_
R S . -
fixed to WH = B - ! —
© - ‘ ' = _
WH SM 0 50<pTv<250 c O -+
prediction 750%“/ 'Or '\250@ 75\-,02 750< > ’07335
e
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Constraints on BSM effects

Parameterization of BSM effects

using effective Lagrangian with Events at high energy more sensitive
dimension-6 operators in the SILH* to Beyond the Standard Model
basis effects (BSM) / \
_ (6) A(6) /22
L - LSM + Z Cl' Ol' /A %Dg 4EATLASSimuIation .
l wx 3.5 --- Ty =0.004 —
s E s = 0.024 .
. cl.(6) = Wilson coefficient  3C —'gw: ng =0.008 E
. 0i(6) = dimension-6 operator m82_5f_ i -
A =BSM energy scale x F jrom—
¢ 2F A =
15— =
- I i ;
1 I ]
- WH—ivbb ! ZH—(Il,vv)bb |
*S|LH= Strongly 0.5—75, P . 7 75 B2
. ) ] w 2 02 Ocp2 25
Interacting Light Higgs Fr<2sy Geio el 75750 G ;DT<950’GG VO Gel
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Conclusions

First observation of H—bb decay mode
First observation of VH production mode
First differential cross section pp - VH measurement

Studies of BSM effects:
» constraints on Wilson coefficients

—~

sub

1

* possible BSM deviations are more : 16
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evident at high momentum
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Detalled event selection

. 0-lepton 1-lepton 2-lepton
Selection e sub-channel 4 sub-channel
Trigger s Single lepton s Single lepton
Lebtons 0 loose leptons 1 tight electron 1 tight muon 2 loose leptons with pp > 7 GeV
P with pp > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
ET™ > 150 GeV > 30 GeV — -

o7 -

Jet pr
b-jets

min[Ap(BE=, jefs)

Ad(EF, bb) > 120°
Agb(bz,l?;) ' < 140°
A¢( %]SS ﬁ(’f‘llﬁs) < 900

Exactly 2 / Exactly 3 jets

Hr > 120 GeV (2 jets), >150 GeV (3 jets)
> 20° (2 jets), > 30° (3 jets) -

> 20 GeV for |n| < 2.5
> 30 GeV for 2.5 < |n| < 4.5

Fxactly 2 b-tagged jets
> 45 GeV

81 GeV < my, < 101 GeV
Exactly 2 / > 3 jets

v .
PpT regions

> 150 GeV

75 GeV < py < 150 GeV, > 150 GeV

Signal regions -

My, > 75 GeV or my,, < 225 GeV

Same-flavour leptons
Opposite-sign charges (up sub-channel)

Control regions -

my, < 75 GeV and my,, > 225 GeV

Different-flavour leptons
Opposite-sign charges

e Lepton selection
« Higgs selection
e Multi-jet cuts



Detailed event categorization

O-Lepton |-Lepton 2-Leptons
pr¥> 150  prtv>150  75<ptV< p1v¥> 150
GeV GeV 150 GeV GeV
2 jet SR SR SR SR
3(+) jet SR SR SR SR
2 jet W CR Top CR Top CR
3(+) jet W CR Top CR Top CR




Profile likelithood fit

* Simultaneous fit on the
14 regions (8 SR + 6
CR)

 Top CR
« W+HF CR
* In O-lepton channel
 Z estimated with 2-
lepton
+ Top estimated with
1-lepton
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W+HF control region

* CRs are orthogonal to the signal
regions, with negligible level of
signal contamination

 W+HF CR built in 1-lepton
channel splitting events in 2 jets
and 3 jets.

 ~75% purity
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eu control region

* CRs are orthogonal to the signal
regions, with negligible level of
signal contamination

* eu CR built in 2-lepton channel
splitting events in 2 jets and 3+
jets.

 \ery pure CR to constraint top
events
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Systematics uncertainties

Source of uncertainty T,

. . . . Total 0.259
 Analysis limited by systematics Statistical 0.161
. . ——p Systematic 0.203

u ncze rtal ntles ] Experimental uncertainties

* Malin systematics: Jets 0.035
- . - B 0.014

 Flavor tagging calibration Leptons | 0.009

» Signal and background iogging | o 00
modelling | et 0008
» MC stat Lty 0023

Theoretical and modelling uncertainties

Signal

Floating normalisations
Z + jets
W + jets

tt

Single top quark
Diboson
Multi-jet

MC statistical 0.070
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Results of cut-based analysis

pbb. = 1.06%036 = 1.06 + 0.20(stat.)

Observed significance: 3.6 o
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Results of diboson analysis

poh, = 1.2070-29 = 1.20 + 0.08(stat.) o 1o (syst.),

ATLAS VZ Za bb Is=13 TeV, 798fb1

— Total — Stat. Tot. ( Stat., Syst.)
0.24 0.11  +0.21

oL e - 1.12 fo_zo (J_ro.11 ; ir0.17 )
0.46 0.17 +0.43

1L — e —i 0.93 f0_45 ("016 + “0.42 )

2L o 1.33 ff,’_‘fZ (*013 > “020 )
Comb. Ho— 1.20 2 (tg-gg,tg'lé’)
||||| |||||||||||||||| | |||||||| | ||||||||||||

0O 05 1 15 2 2.5 3 3.5 4 45 5

Mbb

VZ
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BDT distribution 1L

 Different BDT shape
between signal events
according to pTV
value
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Normalised to unity
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n == All background b
0.2 E _
-1 a0 ]
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Correlation matrix STXS fit

| | I 1

-
ATLAS 0.8 X
Vs =13 TeV, 79.8 b _ 0.6 <
VH, H — bb

ZH, 75 < p‘T’ <150 GeV

ZH, 150<p‘T’<250 GeV —0.4
- —0.2
ZH,p!>250 GeV | (.01 —0

WH, 150 < p‘T’ <250GeV | 0.02

WH, p‘T’ > 250 GeV




Relating STXS to EFT

O = 0OsMm + Oint + OBSM

Linear term

Quadratic term

Cross section region

2.ij Bij¢icj

qq — Hiv (150 < p¥ < 250) GeV
qq — Hlv (p¥ > 250) GeV

839cHW? + 1555¢cWW? + cHW(900CHW)
14000cHW? + 16000cWW? + cHW(30000cWW)

Cross section region > AiCi
qq — Hlv (150 < py < 250) GeV | S0cHW + 74cWW
qq — Hlv (pY > 250) GeV 170cHW + 200cWW

qq — HIl (75 < p{ < 150) GeV
qq — HII (150 < pY < 250) GeV
qq — HIl (pY > 250) GeV

13cHW + 38cWW + 3.9cHB + 10.5¢cB
37cHW + 61cWW + 11cHB + 18cB
130cHW + 150cWW + 38cHB + 46cB
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qq — HIIl (75 < py < 150) GeV

qq — HIl (150 < pY¥ < 250) GeV

qq — Hll (p.¥ > 250) GevV

85cHW? + 400cWW? + 8cHB? + 35cB?
+cHW(150cWW + 20cHB + 42cB)
+CcHB(44cWW + 12¢B) + cWW(140cB)
462cHW? + 982cWW? + 41cHB? + 86¢B?
+CcHW(1255cWW + 277cHB + 358cB)
+cHB(373cWW + 105¢B) + cWW(587cB)
8000cHW? + 9600cWW? + 720cHB? + 850cB?
+cHW(17000cWW + 4800cHB + 5100cB)
+cHB(5100cWW + 1500cB) + cWW(5700cB)
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Example of EFT constraint

,-.g 3
1-D fits of the o
coefficients have 2
been performed T

B I L :I L I LI I l 1T 1T 71 I LI I ] T T 1 5 I ]
:A TLAS | : VH, H— bb : .
- : Vs=13 TeV, 79.8 fb™ ]
__Observed | & :
Febxpected |\ s i N I
N 20
10

|

025 -0.0

oo by by 1 &
2 -0.015 -0.01 -0.005 O

Chw



EFT coefficients

Coeflicient Expected interval Observed interval
Results at 68% confidence level
CHW [-0.003, 0.002] [-0.001, 0.004]

(interference only

(interference only

[-0.002, 0.003]
[-0.066, 0.013]
[-0.016, 0.016]
[-0.006, 0.005]
[-0.005, 0.005]
[-1.5,0.3]
[-0.4, 0.4]

[-0.001, 0.005])

[-0.078, —0.055] J [0.005, 0.019]
[—0.005, 0.030])

[-0.002, 0.007]
[-0.002, 0.008])

[-1.6,-0.9] | [-0.3, 0.4]
[-0.2,0.7])

Results at 95% confidence level

CHW
(interference only

[-0.018, 0.004]
[-0.005, 0.005]

[-0.019,-0.010] | [-0.005, 0.006]
[-0.003, 0.008])

[-0.078, 0.024]
[-0.033, 0.033]

[—0.090, 0.032]
[-0.022, 0.049])

[-0.034, 0.008]
[-0.009, 0.010]

[-0.036,-0.024] | [-0.009, 0.010]
[-0.006, 0.014])

(interference only

[-0.8, 0.8]

[-0.6, 1.1])
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