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https://link.springer.com/article/10.1007/JHEP05(2019)141
https://www.sciencedirect.com/science/article/pii/S0370269318307056

VH(H— bb) ;

Limitation

Very large multi-b-jets
production cross
section at the LHC
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H—bb

Sl

» Largest branching ratio (~58%)

» First direct measurement of Yukawa

coupling with down-type quarks

» Can provide constraints on BSM physics

VH, 3% of total H production

q W,z

Myp e Most sensitive channel
e Reduced background
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Event Selection for VH(H— bb)

+ Leptonic decays of Z/W: efticient triggering and bkg rejection
+ 3 channels according to the number of leptons (0, 1, 2)

+ Exactly 2 b-tagged jets with O or 1(+) additional jets

+ Define categories based on number of leptons, jets and pr¥

(transverse momentum of the vector boson V)

O-lepton 1-lepton 2-lepton

Cecilia Tosciri
29th July 2019
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Multivariate Analysis (MVA)
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» Discrimination between signal and background increased by a MVA
+ Boosted Decision Tree (BDT) trained separately for each category

+ Observables combined into the BDT: mpp, ARpp, prt¥ most important
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Statistical Analysis

Binned maximum likelihood fit to BDT discriminants simultaneously in all
categories to extract signal strength p and normalisation of main backgrounds

+ 8 Signal Regions (SRs)

+ Constrain shape + normalisation of bkgs
from data using Control Regions (CRs)
|2 W+HF|(heavy flavour) CRs in 1-lepton

+ 4 top ep CRs in 2-lepton

+ Main bkg normalisations unconstrained

+ Dependence on syst. uncertainties
described by nuisance parameters

N e L o o o o LI e e o  prTT L e e e e o e e e L B
> - ATLAS —-Data . 2 " ATLAS —e-Data ]
g 1400__ {s=13TeV, 79.8 ! [ ] \[’)::;o:o: bb (M=1.16)—_ "UE) 1400__ s=13TeV, 79.8 o -;H, H — bb (u=1.16)—_
> - . - o - . 1
i} 1200 1 éepton, 2 jets, 2 b-tags f s @ 1200 2 leptons, 2 Jets, 2 b-tags Single top h
C pT > 150 GeV Single top . r 75 GeV < pT < 150 GeV Uncertainty ]
- W+HF CR Multijet - [ euCR ---= Pre-fit background
1000— Il W+jets ] 1000¢
C Il Z+jets . C R \ .
800 Uncertainty — 800— T SRR -]
C Pre-fit background | r i 3 .
600~ i} — 6001~ i S L
400 __ i :'.\\\\\ \\\\\\: __
Fraananananad -1
200~ —]
0 o
-81.5: -8'1,5:‘ T BRERERE ‘ ‘
i 1 E Q\L_ 1 . o ——— e T T i @]
o E <
cD‘Eo,sk ol b b b b b b b L go_sﬂ PRI N SRR NN UT S ST SR ST STA N AU S A SR
-1 08 -06-04-02 0 02 04 06 08 1 0 50 100 150 200 250 300
BDTi outeut m,,, [GeV]

5\‘1%‘% UNIVERSITY OF Cecilia Tosciri

%’ OXFORD 29t July 2019



Statistical Analysis

1-lepton O-lepton 2-lepton
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VH(H— bb) results
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Signal strength p compatible with the SM
Significance of VH(bb) signal at 4.90 (4.30 expected)

Run1+Run2 in VH, ggF+VBF, ttH : observation H—bb decays at 5.40 (5.50 exp.)
Run 2 in bb, YY, 4l decays : observation of VH production at 5.30 (4.80 exp.)
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VH(H— bb) Cross Section measurements

é ; ATLAS VH, H—bb, V—leptons cross-sections: ;
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* Beyond a single number: cross section measurements

* Production cross sections times branching ratio measured in
mutually exclusive phase space regions (production bins)

» Sensitivity provided by pt¥analysis regions and BDT shapes

» Targeting categories where higher BSM contributions expected

 Dedicated assessment of theory systematics wrt observation
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Effective Field Theory

Use VH(H—bb) cross section measurements to search for

deviations from the Standard Model using an EFT approach

Lorr = Loy + Y —=0F +3 " 20 + 3" =07 + 3"

(9) (6) (7) 8)

O

(

Gwsd UNIVERSITY OF

» SM Lagrangian extended by a set of higher dimension operators
» Terms suppressed by a larger power of high mass scale A
» Leading effects from dim-6 operators, small deviations from SM

» Operators can be constrained in Higgs boson measurements
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Constraints on EFT coefficients

Can constrain CP even coefficients of HEL operator Coofficiont
operators which affect VH processes: 0, = |H|?GA G DR
. v mW
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https://cds.cern.ch/record/2001958/files/LHCHXSWG-INT-2015-001_2.pdf

Effective Lagrangian Parametrisation

int = SM-BSM
interference

O = Ogp; t O; t Opguy

an.; IR
Quadratic terms
Linear terms
Cross section region >ij BijGicj
pf EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEENENG qq__)HlV(ISOSp}r/sto)GeV 839CHW2+1555CWW2+CHW(9OOCWW)
Cross section region > A6 qq — Hlv (py > 250) GeV 14000cHW? + 16000cWi? + cHW(30000cWW)
qG — Hlv (150 < pY < 250) GeV | 50cHW + 74cWW g3 — HII (75 < pY < 150) GeV | 85cHW2 + 400CHW2 + 8cHB? + 35¢B?
<pt <
HW(150cWW + 20cHB + 42cB
qq — Hlv (py > 250) GeV 170cHW + 200cWW +CHWI(150cWW + 20cHB + 42cB)

+cHB(44cWW + 12¢cB) + cWW(140cB)
qq — HII (150 < pY < 250) GeV | 462cHW? + 982cWW? + 41cHB? + 86cB?
+CcHW(1255cWW + 277cHB + 358cB)

qq — HII (75 < p{ <150) GeV | 13cHW + 38cWW + 3.9cHB + 10.5cB
qq — HIl (150 < py < 250) GeV | 37cHW + 61cWW + 11cHB + 18cB

qq — HIl (py > 250) GeV 130cHW + 150CH + 38cHB + 46cB + CHB(3T3CHH + 105<B) + CHW(587CB)
i HIL Y > 250) Gev SO00CHI + OB00CHIT + T20CHE? + $50cE?
+CHII(17000CHW + 4800cHB + 5100cB)
LHCHXSWG-INT-2017-01 +CHB(5100CHW + 1500cB) + Ciil(5700cB)
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https://cds.cern.ch/record/2290628/files/LHCHXSWG-INT-2017-001.pdf

Linear+Quadratic Contribution

Simultaneous maximum-likelihood fit to the production bins

Fit performed in one dimension for each EFT coefficient (others kept at 0)
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Only Linear vs Full Contribution

Linear+Quadratic has two minima due to parabolic parametrisation
“Only linear” has single minimum structure since it is monotonic
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Summary

= o AL ATIAS S - * Observation of VH production
“j 350 --- 5. <0004 - and bb decays
z_ F " Cwe=0.02 - * Production cross section
B 3_ —-Cy~- Cg = 0.008 — . .
~ [ —@%=05 . measurements (finer granularity)
Q2.5 E o E « Constraints on EFT coefficients
X - : . : :
¢ 2F — = affecting VH production
1.5 .—: (CHw, CHB, Cw-CB)
[ - . - o] - * New coefficient cq, which only
1F — - .
E WHobbo SHa(lavbh affects decay, constrained
0.5 : o \\/i i
S0cy DTWAQSOG 75%5?75 TS0, - 05;2506 Will serve as input for the
TS00G,, oV T 06, T %0ge, "V ATLAS Global EFT Fit
Effect of the EFT coefficients on the Results published in
cross sections, assuming the upper limit Phys. Lett. B 786 (2018) 59
at 95% CL as value for coefficients JHEPO5 (2019) 141
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https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://link.springer.com/article/10.1007/JHEP05(2019)141
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Additional Material
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Event Selection for VH(H— bb)

+ Leptonic decays of Z/W: efficient triggering and bkg rejection

+ 3 channels according to the number of leptons (0, 1, 2)

+ Exactly 2 b-tagged jets with O or 1 additional jet

O-lepton 1-lepton 2-lepton

isS i » Electron or Er™'s trigger » Single-lepton trigger
« E™SS trigger .
Veto leptons pbr > 7 GeV * One isolated lepton *2 eorppr> 27 (7) GeV
Z(E rTF1)iss)>'| 5p(; GeV * pT> 25 (27) GeV for p (e) * pr4(,1) [75-150 GeV] or
T * ptW(l,v) >150 GeV >150 GeV

Define several categories based on the number of leptons, number of jets and pt¥

FaSD UNIVERSITY OF Cecilia Tosciri
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Complete Event Selection

: 0-lepton 1-lepton 2-lepton
Selection ’ e sub-channel g 1 sub-channel ’
Trigger Eiss Single lepton Eiss Single lepton
Leptons O loose leptons 1 tight electron 1 tight muon 2 loose leptons. with pp > 7 GeV
with pp > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
s > 150 GeV > 30 GeV - -
My - - 81 GeV < my, < 101 GeV

Jets Exactly 2 / Exactly 3 jets Exactly 2 / > 3 jets
> 20 GeV for |n| < 2.5

Jet pr > 30 GeV for 2.5 < |n| < 4.5
b-jets Exactly 2 b-tagged jets
Leading b-tagged jet pr > 45 GeV
Hry ' > 120 GeV (2 jets), >150 GeV (3 jets) — —
min[A¢(Er ", jets)] > 20° (2 jets), > 30° (3 jets) — —
Ap(ET ™", bb) > 120° — —
Ap(by,by) < 140° - -
A¢(Errf‘llss’ﬁlj[‘1188) < 900 o -
pr regions > 150 GeV 75 GeV < p¥. < 150 GeV, > 150 GeV
: : Same-flavour leptons
— > <
Signal regions my, > 75 GeV or my,, < 225 GeV Opposite-sign charges (11 sub-channel)
Control regions - my, < 75 GeV and my,, > 225 GeV Different-flavour leptons

Opposite-sign charges

UNIVERSITY OF Cecilia Tosciri
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Background Modelling

O Iepton 1 Iepton 2 Iepton
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_O' 1.5 TLI T I T TTT I T TT I T TT I T TTT I T TT I T TTT I T T 1T I T TT I TTT -It -8; 1'5 7_[ jt -8. 1.5 TLI T I T TTT I T TT I T TTT I T TTT I T TT I T TTT I T |‘+I T TT I TTT _It
o - | o ] - ]
A aanat e e S S L e € TR b et -
-'(_6' 0.5 ;II 11 I L1l I 1111 I 1111 I L1l I 1111 I L1l I 1111 I 1111 I 111 I; E 0_5 ;I L1 I 1111 I L1l I L1l I 1111 I L1l I 1111 I L1l I L1l I 11 Il; -'(_c' 0.5 ;II 11 I L1l I 1111 I L1l I L1l I 1111 I L1l I 1111 I 1111 L1l I7
= 0 50 100 150 200 250 300 350 400 450 500 = 0 50 100 150 200 250 300 350 400 450 500 = 0 50 100 150 200 250 300 350 400 450 500
m,, [GeV] m . [GeV] m,, [GeV]
bb bb bb

VH, H—bb Signal (Powheg+Pythia8)
Z+jets and W+jets W/Z bosons associated with jets (Sherpa)
and top quark pairs and single top (Powheg+Pythia8)
vector boson pairs (Sherpa)

QCD multi-b-jets (data-driven estimation)
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b-jet corrections

Consecutive corrections to improve mass resolution

>2_l|lllllllll‘llllllll’lllllllllllll
& ;s ATLAS Simulation <
o [ \s=13TeV, 361" [ s
~ 16F Powheg MINLO SM ZH — I'bb .
P = 2leptons, 2 jets, 2 b-tags / \
R— - z
g 1.4 P; > 150 GeV P
E\ u [] Standard Jet Calibration (Std.) t;kf‘:s:“\
(] 1.2 [ /\  Std. + u-in-jet Correction ; | )
E — ) Std. + u-in-jet + PiReco Correction : ‘»t
.e 1— <p Std. + p-injet + Kinematic Likelihood Fit k.
[ W
< — o (c_ -o)o "
0.8— Std. Sta. . \
_ — 5.2 GaV 0 % .
0.6 ==== 13.2GeV ~ 13% ;
u wiiim 12.4GeV 18 % 4
04— — 88GeV 42 % '
0.2 X
0 f SRR A Ty s (il 'L’r“.‘l*dlul | TR T * ..!'- marenatt 1 by,
80 100 120 140 160 180
m,, [GeV.

Muon-in-jet add muons in the vicinity of the jet
pr reco allows to recover the energy of neutrinos
Kinematic likelihood fit in 2 lepton channel to constrain the llbb system
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Multivariate Analysis (MVA)

Variable O-lepton 1-lepton 2-lepton
D | = piss X X
E%’[‘HISS % %
plffl X X X
p?ﬁ X X X
My X X X
AR(by,by) X X X
|AU(91792)| X
Ap(V, bb) X X X
[An(V, bb)| X
Mg X
min[A¢(4, b)] X

w
mmo X
mgg. X
B/ \/Sr x
Miop X
|AY (V, bb)] X

| Only in 3-jet events
Pt X X X
mbbj X X X

+ Discrimination between signal and background increased by a MVA
+ Boosted Decision Tree (BDT) trained separately for each category
+ Observables combined into the BDT: mpp, ARpp, prt¥ most important
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W+HF Control Region

-1 -0.8 -0.6 -0.4 -0.2

N T 17T | LI | LI LI LI LI | LI | LI | LI | 1T 1]
E’ - ATLAS ; \[/):taH bb (u=1.16) -
€ 1400 5_ 13 Tev, 79.8 1" DIk =
4 L ; iboson -
T L1 lepton, 2 jets, 2 b-tags it .
1200 - Py =150 GeV Single top =
— W+HFCR Multijet i
1000[— Bl W+jets ]
- Bl Z+jets 7
800— Uncertainty —
- Pre-fit background |
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ * NN N NN NSNS NN NSNS NN\
600[— —
400
200
0
_o' 1 .5 __I T LI | T —
o
LN ° -
8 - 3
© 05 e e b b by Ly | | | | —1
- 0

02 04 06 08 1
BDT,,, output

Variable

Cut

Myop
Mpp

> 225 GeV
<75 GeV

'@ UNIVERSITY OF

Y
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5

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

+ 1-lepton CR
(2 jets and 3 jets)
+ ~/5% purity

» Reduces VH signal contamination

» Reduces ttbar and single-top
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eu Control Region

O T T T T | T T T T T T T T | T T T T | T T T T | T T T T
2 C ATLAS —-Data -
*Ué 1400:— (s =13 TeV, 79.8 fb™ -:;H, H — bb (u=1.16)—:
L?>j 1200 - 2 leptons, 2 jets, 2 b-tags Single top i
~ 75GeV < p) <150 GeV Uncertainty N
joool_ewcR e Pre-fit background -] < 2_ | e pton C R
i R S .
800 5 ............ SN \.\.\.\.\}; 1 V o
T e ] (2 p1¥ regions for
600— -
S . 2 nd 3+ jets)
wol | ., T jets and 3+ jets
oo -
- ] o) :
200 . + ~99% purity
0 | L1 | | |
515 F | IR | |
o)
Q\L_ 1 —t——— o —_—— e T ]
3 - E
-'C_U' 0_5 __I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I__
= 0 50 100 150 200 250 300

m,,, [GeV]

Selected by requiring same kinematic selection as signal
region, but different flavour of a pair of dilepton (ep or pe)

ttbar is flavour symmetric
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Systematic Uncertainties

Source of uncertainty o,
Total 0.259 . . . « L.
Sntictial o161 Analysis dominated by systematic uncertainties
Systematic 0.203
Experimental uncertainties
Jets 0.035
ErRiss 0.014 b-tagging
Leptons 0.009 o o . . .
bt 5061 both b (~3%) and c (~10%) tagging calibration
b-tagging c-jets 0.042
light-Aavour jets ~ 0.009 Background modelling
extrapolation 0.008
Pile-up 0.007 /+HF W+HF, ttbar
Luminosity 0.023
Theoretical and modelling uncertainties Slgnal modelling
| Signal 0.094 | Limited impact on significance
Floating normalisations 0.035
Z + jets 0.055
o e R Use of dedicated MC filters
Single top quark 0.028
Diboson 0.054
Multi-jet 0.005
MC statistical 0.070
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Nuisance Parameter Ranking

-0.1 -0.05 0 0.05 0.1

Wijets p¥ —

Z.

Z+jets m. shape

Diboson m,, shape

VH acceptance (PS/UE)

I

VH acceptance (QCD scales)

b-jet tagging efficiency 1

L
tt m,, shape :
ez
QCD scale for ggZH | — ;
: A
. : 7
2-lepton tt m,, shape : 7,
: : . : 7,
c-jet tagging efficiency 1 ’ : I
o
b-jet tagging efficiency 0 D — : ]
: 4,
c-jet tagging efficiency 0 | — / —
. p /
: 7,
VH 2-to-3 jets acc. (QCD) . . /—|
" V., d
b-jet tagging efficiency 2 . // /,
/
7

Single top acceptance (Wt—other)

N\
NN

Vs =13 TeV —— Pull: (8- 6,)/A0
ATLAS :
79.8 fb™ ///// +1o Postfit Impact on u

m, =125 GeV ‘: -1o Postfit Impact on u
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

-1 -1 -05 0 05 1 15 2
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Statistical Analysis

Process Normalisation factor
tt 0- and 1-lepton 0.98 4+ 0.08
tt 2-lepton 2-jet 1.06 + 0.09
tt 2- lepton 3-jet 0.95 = 0.06
W + HF 2-jet 1.1940.12
W + HF 3-jet 1.05 4 0.12
Z + HF 2-jet 1.37 £ 0.11
Z + HF 3-jet 1.09 4 0.09

Factors applied to the nominal normalisations of the tt, W+HF and Z+HF
backgrounds, as obtained from the global likelihood fit to the 13 TeV data for
the nominal multivariate analysis, used to extract the Higgs boson signal. The

errors represent the combined statistical and systematic uncertainties.
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H—=bb Combination

I I I l I I I l I I I l I I I l I I I l I I I l I I I l I I I l I I I
ATLAS H—bb \@7 7 TeV, 813 TeV, and 13 TeV_1
4.7 b 20.3 b, and 24.5-79.8 b
— Total Stat. Tot. ( Stat., Syst.)
VBF+ggF Runl| jp=—-e L| -0.78 jgg (1,11 -'gg ’ jjg‘? )
VBF+ggF Run2 —e—1 2.47 30 (559, 054 )
ttH Run1 0—=i 1.50 f11.'122 (tg.;? ; fg.'gg )
ttH Run2 e 0.85 ff,’_'gf’ (f8_'§8 , f8_'§§ )
VH Run1 o1 0.51 *)20 (‘oo o5 )
VH Run2 . 1.15 020 (Po1s, f0%s )
T T T T T T T TRy 40.200 S+ 0.12  +0.16 \
Comb. | | | I | | 1 i ITI I | | | I 11 1.0111 | -11-0.129 | l(lt .-1121 ,l i-I().1151 l)
-4 -2 0 2 4 6 8 10 12 14
MH%bb

Run 1 and Run 2 analyses in VH, ggF, VBF and ttH production modes
Observation of H—=bb decays at 5.40 (5.50 exp.)
VH channel main contribution
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VH Combination

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

Tot. ( Stat., Syst.)

¥ +1.30 +1.26 +0.32

+0.60 +0.53 +0.28

H%Y'Y e 1.03 —0.54 (—0.50 » —0.22 )
— +0.27 +0.16  +0.21

H— bb H-e— 117 7,5 (55160 019 )
+0.24 +0.15 +0.18

Comb. H-0—+ 1.13 _0.23 (—0.15 » -0.17 )

O 05 1 15 2 25 3 35 4 45 5
o

VH

Run 2 analyses in bb, YY, 4l decays
Observation of VH production at 5.30 (4.80 exp.)
bb channel main contribution
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Validation: Diboson MVA ana|y5|s

Analysis procedure validation S Fatias | T oata s
| : %’ | 5=13TeV,79.8 10" -zﬁ’z_)bb (1=1-20) ]
Same se eCtlon dsS VH g 2 leptons, 2 jets, 2 b-tags Bl Z+jets
o . . . L L Voo tt |
Retrain the BDT using: 10° = py = 150 GeV Single top -
. : . H et -
VZ(Z— bb) as signal - et inty -
. -== Pre-fit back d 7
Same bkg + VH Ve g e ]
* Repeat the fit on BDTy; o _
to extract VZ(Z— bb) -
signal strength -
"""" I B I I R UL I I
ATLAS  VZ,Z>bb  (s=13TeV,79.8 fb" 10E
— Total — Stat. Tot. ( Stat., Syst.) -8' 1.5 T
+ + +0. D:' 1
oL e 112 %50 (lorrs 2037 ) 8 b -
o -1 -08 -06-04-02 0 02 04 06 08 1
L] et 093 %2 (016, 70%) PPz oulpdt
oL o 1.33 102 (1013, )
Significance of VZ(Z— bb) signal >> 50
+0.20 +0.08 +0.19 . . o
como| - 120 o (emowme) | Signal strength p compatible with the SM

O 05 1 15 2 25 3 35 4 45 5

bb
MVZ
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Cross Check: dijet analysis

- Different strategy wrt MVA S b amias  —<Daa ]
lvsis: fi O 100 Bl VH, H — bb (u=1.06) |
dana yS|S. It Mpp SpeCtrum o L {s=13TeV, 79.8b™ D'l:; u=t. _
. — | 1IDOSOoN n
* More pt¥ regions @ [ Oriezleptons ti ]
ey c 8ol 2+3jets, 2 b-tags Single top _
* Ad.dltlonal CUtS tO Suppress % ~ Dijet mass analysis Bl W+jets m
V+jets and ttbar 3 | welontedbyriggs s MM Ziet ]
. . - - Uncertainty )
* Less sensitive than the MVA s e Prefit background |
. L x — T % |
analysis (~27%) = [ sl TVRHSoBEXS -
sol i B
||||||||||||||||||||||||_||||||||||||||||||||||||| : :
ATLAS VH, H— bb \s=13 TeV, 79.8 fb™ _ | i
—Total Stat. Tot. (Stat, Syst.) 205 T 55
oL: DMA T N—— 1.03 *08 (‘oses oss)
OL: MVA F—p—- 1.04 030 (Cooe. toat)
1L: DMA |_l : 1.39 tg;; (fggg ’ 4_'356)12 ) %) 4__I | T 1 T 1 | T 1 | T 1 T 1 T 1 T 1 | T 1 | I__
1L: MVA ——to——i 1.09 002 (0% oss) 8 o -
oL:DMA| F—et—- 0.85 *ot (042, 705) 3 o + -
+0.46 4034 +0.31 QI i %
2L: MVA k—e—= 138 T4 (L0335 026 ) 0_/////2//,%44444/ //////// T 77
Comb:DMA| e s 106 0% () ng + -
B R R T N T A BT 40 60 80 100 120 140 160 180 200
M?/Z m,, [GeV]
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VH(H— bb) Cross Section measurements

5 STXS truth bins
VH

L wH ] (

}

Y [0,75]]

pY. [75,150(]

P, [150,250] |
pY. (250,00

Sensitivity to

Y [0,75]]

pY. [75,150]

pY. [150, 250]

p¥ 250, oo[\

IS

provided by the 2 lepton category

Reconstructed categories do not

distinguish between events with

true pr1’ below or above 250 GeV

Gwsd UNIVERSITY OF

Normalised to unity

O.35_I T | LI | LI | LI | L | L | L | L L T I_
- ATLAS Simulation Internal -

0.3 \s= 13 Tev pY €[150, 250[ GeV
L1 Iepton 2 jets, 2 b-tags E
0.25_ p;" = 150 GeV = Total signal ]
n — All bkg -
0.2_|_|_|_ \ =
0.15F \ .
0.1 -
0.05 —
Oml 1 1 1 | L1 1 | L1 1 | 111 | L1 1 | IIIIIIIII ;;

-1 -0.8-0.6-04-02 0 0.2 04 0.6 0.8 1
BDT,,, output

Sensitivity to the two pt¥ regions
150-250 GeV and >250 GeV is

provided by the different shapes of
the BDTyy discriminant
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Effective Field Theory Intervals

Coeflicient Expected interval Observed interval
Results at 68% confidence level
CHW —0.003, 0.002] [—0.001, 0.004]
(interference only  [-0.002, 0.003] [—0.001, 0.005])
w1 —0.066, 0.013]  [-0.078, —0.055] | [0.005, 0.019]
(interference only  [-0.016, 0.016] [—0.005, 0.030])
ew-¢g | —0.006,0.005] | [-0.002, 0.007]
(interference only  [—0.005, 0.005] [—0.002, 0.008])
e [-1.5,03] | [-1.6,-0.9]1 U [-0.3,0.4]
(interference only [—0.4, 0.4] [-0.2, 0.7])
Results at 95% confidence level
CHW —0.018, 0.004] [-0.019,-0.010] U [-0.005, 0.006]
(interference only  [—0.005, 0.005] [—0.003, 0.008])
s -0.078,0.024] | [-0.090, 0.032]
(interference only  [—0.033, 0.033] [—0.022, 0.049])
w-¢g —0.034, 0.008] [-0.036,—0.024] | J [-0.009, 0.010]
(interference only  [-0.009, 0.010] [—0.006, 0.014])
e -1.7,050 [-19,0.7]
(interference only [—0.8, 0.8] [-0.6, 1.1])
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