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Physics motivations
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Strategy and event selection

muy

AR(bi,by) <1, pt > 250 GeV

2.
@ AR(by, by) ~ =1
br
R <1,
P

» Higgs candidate:

- Large-radius (R) calorimeter jet (trimmed
anti-kt R=1.0), pr> 250 GeV

- = 2 variable-radius (VR) track jets
matched to Large-R jet

- Leading 2 VR track jets b-tagged
(MV2c10@70%)

» Number of charged leptons (£ = e,p) in
leptonic V decay determines analysis
channel:

- Z—w (0L)
- W=y (1L)
- Z- 08 (2L)

TH
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Large — R jet
Anti—k; R =1.0
pr > 250 GeV

2 VR track — jets

High pr WorZ
py > 250 GeV
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Eve nt Categ O ri Sat i O n Additional categorisation

for OL and 1L
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High and Low Purity
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Background processes and fit model
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» Signal extracted using binned profile likelihood fit with Large-R jet mass (my) as discriminant
- Fit 10 signal and 4 control regions simultaneously

» Simultaneous measurement of signal strength parameters pva and

O-meas

OSM

:LL:
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Results
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Measurement | Expected sig. | Observed sig.
OL 1.86 1.43
1L 1.96 1.95
2L 1.24 -0.13
WH 1.92 2.04
ZH 1.79 0.63
combined 2.73 2.05

0.39
MVH = 0. 72+0 36

= 0.7270 gg(stat.)fgég(syst.)

oy = 2.1(2.7) obs. (exp.)

ity = 091763,

0.23 —

0.91 + O.l5(stat.)f8:??(syst.)

o, = 5.4(5.7) obs. (exp.)
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Simplified Template Cross Section (STXS)

» Differential cross section measurement in “simplified” fiducial regions

» STXS measurement in 2 pt¥ analysis bins: [250,400[, [400,eo]
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Measurement | Expected sig. | Observed sig.
W H [250,400] GeV 1.26 0.73
W H [400, co] GeV 1.27 2.02
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Effective Field Theory (EFT) interpretation

» Model-independent way to test presence of BSM physics

» Parameterisation of BSM effects using effective Lagrangian operators in
Warsaw basis.

Lsyperr = Lsy + g@ Wilson coefficients
)

Scale of new physics (1 TeV) 14 dimension-6 operators (Warsaw basis)
describing new physics considered

Coefficient ‘ Operator
crr (H'H)(H'H)
CHDD (HTD*;H)*(HTDMH)
. H'H)(g,d,H
»  Parametrise o(qq—ZH), 'CC;‘;’V' ;ﬂ HV)V(fjWMZ
o(qq—WH), BR(H—bb) as CHB HiHB,,B"
. . . . t I I v
linear/quadratic polynomials in ci Crw B M7 H W, B
e 1''D  H(1A",)
) HTi%LH(ZpTI’yer)
I . cg)e HTiDuH(ép’Y#er)
»  Extract 95% CL limits for leading (15 i
. . CHq HZHDMH(QP’Y (J7)
ci coefficients & | BN DI H @G, )
CHu HTZ‘D“H(ﬂp'y”ur)
CHd HTLL?#H{EP’}/#C&F)
o (L) 17" )
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EFT results
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Effect of +10 variation of the
four independent
deformations to the SM the
analysis can identify, based
on the measurement of
STXS bins
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Effect of dedicated bin above 400 GeV

~ 4B

_F 45 ATLAS --linear (no split)

3 [ \s=13Tev, 139y’  —linear (spli)

B’ 3.5 Boosted VH, H — bb lin. + quad. (no split) ]

© A =1TeV, Asimov fit lin. + quad. (split)

3 : ‘
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Conclusions

»  First VH(bb) analysis at high-pt (ptV > 250 GeV), using boosted techniques:

+0.26
prar = 0. 72+8 g?j = 0. 72+8 %g(stat ) Zo.22(syst.)

12, = 0.9119-2% = 0.91 & 0.15(stat.) "o 7> (syst.)

»  Measurement is in agreement with the SM expectations

oty = 2.1(2.7) obs. (exp.) o, = 5.4(5.7) obs. (exp.)

»  First STXS measurement of pr(V,truth) > 400 GeV, well in agreement with SM
prediction

» Provided EFT interpretation of the results
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Run: 338349
Event: 616525246
2017-10-16 20:24:46 CEST

arXiv:2008.02508
CERN Physics briefing: link
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Event selection detalls

Selection 0 lepton channel 1 lepton channel 2 leptons channel

e sub-channel | i sub-channel | e sub-channel | W sub-channel
Trigger B Single electron | Eiss Single electron | s
Leptons 0 baseline leptons 1 signal lepton 2 baseline leptons among which

pr > 27 GeV ‘ pr > 25 GeV > 1 signal lepton, pp > 27 GeV

no second baseline lepton both leptons of the same flavour
- ‘ opposite sign muons

B > 250 GeV > 50 GeV | - -
Py py > 250 GeV

Large-R jets at least one large-R jet, pt > 250 GeV, |n| < 2.0
at least two track-jets, pr > 10 GeV, |n| < 2.5, matched to the leading large-R jet
b-jets leading two track-jets matched to the leading large- R must be b-tagged (MV2c10, 70%)

my > 50 GeV

Track-jets

min[A¢(E2™ | small-R jets)] > 30° -
A¢(E¥1887 Hcand) > 1200 -
A¢ (BF™, EX ) < 90° -
Ay(‘/a Hcand) - |Ay(V, Hcand)’ <14

Mgy - 66 GeV < my, < 116 GeV

Y4 14
(pr — p2)/pt < 0.8

Lepton pr imbalance -
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Event categorisation details

Categories

Channel 250 < pr < 400 GeV pr > 400 GeV

0 add. b-track-jets > 1 add. 0 add. b-track-jets > 1 add.

0 add. > 1 add. |b-track-jets| 0 add. > 1 add. |b-track-jets

small-R jets|small-R jets small-R jets|small-R jets

O-lepton| HP SR LP SR CR HP SR LP SR CR
1-lepton| HP SR LP SR CR HP SR LP SR CR
2-lepton SR SR
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Fit main features

» Normalisation of three dominant bkgs are floated:
- ttbar = from CR
- V+hf: W+hf, Z+hf = from sidebands in the SRs.

» Systematics:

- Full set of detector systematics:
» Large-R jets (pT, mass)x(scale, resolution)
» small-R jets, MET, leptons, b-tagging, pile-up, luminosity

- Full set of modelling uncertainties

- MC stat. unc.: includes VZ but excludes VH (1 NP per bin)
» 2 ptVY analysis bins (for STXS): [250,400], [400,]

VH = V(— leptons)H
I
I ]
[wozi | [woza ]
24 I I
250 L : | |
IIIIIIIII mﬂl I-I-I-I-II'I-I-IIJI-II-I-I IIII—II-I-;I-I-I-I-:II-I—Il III-I-II-I'II-I-II-I:II-I-Ii IIIIIIII
© : : ‘ : ‘ '
00 i ; i i i :
O-jet 1-jet > 2-jet 0-jet 1-jet > 2-jet O-jet 1-jet > 2-jet
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Breakdown of the uncertainties

Source of uncertainty Avg. impact

Total 0.372

Statistical 0.283

Systematic 0.240

Experimental uncertainties

Small-R jets 0.038 » Analysis statistically limited.

Large-R jets 0.133

Errrniss 0.007

Leptons 0.010 . . g .
b-jets 0.016 » Systematic uncertainties is of same

b-taggin c-jets . . .

| favour jots 0,008 order as the statistical one. Most
extrapolation 0.004 .

Pilep P 0001 relevant sources:

Luminosity 0.013

- Large-R jets (JMR, then JMS)

Theoretical and modelling uncertainties

Signal 0.038 _ : inh
Backgrounds 0100 Modelling uncertainties
— Z + jets 0.048

< W+ jets 0.058 - MC stat.

— it 0.035

— Single top quark 0.027

— Diboson 0.032

< Multijet 0.009

MC statistical 0.092
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Large-R jet mass
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» Final discriminant: Large-R jet mass (my). Improve mass resolution on top of calorimeter-based
performance using:
- Combined mass
- Muon-in-jet-correction
- Kinematic fit (2L)
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Postfit plots: OL
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Postfit plots: 1L
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Postfit plots: 2L
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Postfit event yields: OL

250 GeV < py < 400 GeV py > 400 GeV
Processes HP SR LP SR CR HP SR LP SR CR
W+t 14.7+5.4 46+19 17.248.1 2.0£1.0 8.93+6.3 3.76+2.5
other t + X | 0.79+0.03 | 3.18+0.66 4.5+1.3 . 0.66+0.03 | 0.109140.0041
tt 75+14 423+36 539+31 7.5+1.8 38.21+6.8 44.07+7.43
VZ TT+17 88+19 6.2+1.6 17.3+4.1 28.771+6.6 2.791+0.72
WW - 2.15+0.05 0.2440.01 0.33+0.02 1.80+0.06 -
W+HF 101+20 331+60 30122 20.2+6.2 59.8+18 6.61+5.1
W +cl 5.14+2.3 8.4+3.2 0.464+0.01 0.99+0.69 2.8+1.1 0.1940.07
W +1 5.61+3.9 4.6+2.5 0.160+0.003 1.442.0 2.7+1.7 0.57+0.36
Z+HF 319+35 549+62 77121 87+11 185+21 25.8+t7.4
Z +cl 4.0+1.6 6.7£2.7 0.83+£0.02 - 6.44+2.7 0.93+0.41
Z +1 1.3440.67 3.6t2.1 0.4240.01 1.05+0.63 3.7£2.5 0.2940.16
Signal 22411 19.0+9.8 1.05+0.54 5.7£2.9 5.943.0 0.33+0.17
Background | 603425 1466436 676125 137.6+8.5 339+15 85.1+7.3
data 623 1493 683 146 330 85
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Postfit event yields: 1L

250 GeV < py < 400 GeV py > 400 GeV
Processes HP SR LP SR CR HP SR LP SR CR
W+t 64+21 16075 73+30 16.4+7.3 53142 21+15
other t + X 1.924+0.48 16.3+0.3 21.91+6.2 0.134+0.01 | 1.70+0.06 4.0+1.4
tt 235+30 1190176 1758458 50.94+7.3 227424 341425
VZ 35.9£8.9 56+14 5.0+1.4 8.63+2.3 20.0+£5.3 2.611+0.84
WWwW - 6.8£t1.6 0.274+0.01 | 0.15£0.02 | 4.68+1.32 | 0.934+0.03
W+HF 265+28 617+64 60+22 91+12 239430 26.61+9.8
W + cl 7.33+2.9 13.8+5.7 2.10+0.04 6.2+2.5 10.24+4.1 0.63+0.02
W +1 3.0£1.5 5.71t3.4 0.65+0.01 22414 7.7+5.0 0.314+0.01
Z+HF 10.24+1.2 24.6+2.5 3.454+0.41 | 2.124+0.30 | 6.56+0.79 | 0.984+0.12
Z +cl - 0.75+0.02 - - 0.33+0.01 -
Z +1 - 0.494+0.01 - 0.304+0.19 | 0.234+0.01 -
MultiJet 17.0£8.9 44423 22411 7.8+4.5 22+13 7.91+4.0
Signal 24+12 18.04+9.3 0.86+0.45 7.84+4.0 7.5+3.9 0.39+0.20
Background 640126 2136+44 1947+43 186+11 592421 406+18
data 668 2161 1946 185 597 410
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Postfit event yields: 2L

250 GeV < py < 400 GeV | pr > 400 GeV
Processes SR SR
W+t 1.284-0.39 -
tt 1.64+0.35 0.4540.10
VZ 19.944.9 7.5+2.1
W+HF 0.4140.07 0.0740.01
Z+HF 151+13 57.2+5.8
Z +cl 2.201+0.91 1.80+0.76
Z +1 0.9440.67 1.01+0.67
Signal 7.6+£3.9 2.8+1.4
Background 177£12 68.0£5.6
data 179 73
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Measured CL pvy and pvz
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EFT interpretation results
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