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Introduction g
B _
e Measurement with fermion brp :Z>E
decay channels mp=125 GeV

* Establish Higgs Yukawa couplings ~~ -———______
* Quite challenging
* b-quark pairs (BR -58%):

largest decay mode

* dominated by b-jet background
* need good b-tagging

Higgs BR + Total Uncert
o
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l IC HIGGS XS W(

e tau-lepton pairs (BR -6.3%): = X
largest leptonic decay mode -
* main background from multi-jet or 107 E
Z. events i
* need good trigger and tau identification 10°
* 1 pairs (BR ~0.022%): clean signature K
¢ eXtremelY small Coupling 1085500 ‘12‘;‘5" 746 60180 200

M, [GeV]
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Introduction

* Important production modes

* gluon-fusion (ggF) (+jets)

* experimentally accessible
with leptonic decay modes:

CD + NLO EW)
pp— H(NNLO+NNLL Q
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p— qaH (NNLOQCD * NLO EW)

* background suppression,
trigger
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* presence of extra jet lead to
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bOOSt OfH 10'1i ‘pp ,,\\H(NL‘OQCD’ | | | MHM=S1T§32%E\8/E
. 7 8 9 10 11 12 13 14
e vector boson fusion (VBF) el

* exploitable topology for background suppression:
* decay products between “forward” jets
* associated production
with vector boson (VH)

* use signature of associated vector boson for background
suppression, trigger:

* lepton(s), missing energy
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Introduction

ATLAS-CONF-2015-044

e Cross section measurements CMS-PAS-HIG-15-002
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° H — T7T (run—I) E>|: 1'IATLAS anld CMSI | €
« [ LHC Run 1 :
« VH, H - 77 (8 TeV) 5 10
« VBE, H — bb (8 TeV) g
1072

e VBF+y,H — bb (13 TeV) |
« VH,H — bb (13TeV)

¢ ATLAS+CMS ]
------- SM Higgs boson
— [M, g] fit

[ 68% CL
e H — pup (13TeV) - o E%/CL
R . (D 1-5j' T T T T T
* Expressed in terms of signal ¢ &
strength p TS
B o X BR Particle mass [GeV]
H= (0 x BR)sm

*results can be interpreted as coupling
strengths (in decay and/or production)
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H — 2
’7- 7- o
-
JHEP o4 (2015) 117 (a'a]
I T T T T LI TS m
e Full run-1 dataset (4.5+20.3 fb ) £ e ‘ :z)n‘
e : ] s
* Using all tau decay modes: leplep, lephad,  2°% "~ - 27000
F -~ 77, Emb. Uncertainty 1
hadhad z:z:f_ - o+ ATLAS gimlglgtion Y;
. . E reliminary
* leptonic modes: isolated leptons
* hadronic modes: tau lepton identification using
MVA =
N
* Background modelling with data-driven e )
methods G
S 0,22+
* most important background Z — 77 : & oz W N o saacey
using 7 — ;. events and replace p with simulated 3 812* -------- H{125) ot Mass(HoT) = 1232 GeV
c 0.16F FWHM/m_ , ~30% ]
tau and tau decay $o1a; p .
. . . . 5012 i
* Mass reconstruction with 2-4 neutrinosin 5 4, :
final state (MMC) £008
* reconstruct mass from most probable kinematic 0.04- ;
configuration of neutrinos using matrix element O'Oi?‘ s
I'Ob ablll 0 50 100 150 200
P ty miMC [GeV]
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H — 2
TT 2
=
JHEP o4 (2015) 117 _ E
. ‘ Ty N ~ L R B L
* Event categories ’ g 10t e T hiesera 2
optimised for & Ve C Y e AR Dw
[0) Il Others
. q . q ? Lﬁ FFaker
VBF and ggF+jet production e - Ureet
* multivariate analysis: maximum likelihood fit 10
to boosted decision tree (BDT) outputs | e
: 8 15 |
* for each center-of-mass energy, signal/ = 1%@
.background region, channel and cat?gory 5 O'i, N
* Evidence for H — 77 decay with e BOT outout
4.50 significance S e R
2 60— \s=8TeV, 203" o mmm Fakes -
s r 7772 Uncert.
p=1.43 T2 (stat.) T052(syst.) =+ 0.09(theory syst.) g O E
T 200 1
(mp=125.36GeV) - 0;
. xa 201_;H‘125‘ ;1='1.4| K3 ‘ E
* Combined ATLAS+CMS run-1 result i e _3
5.50 significance i o R
2 50 100 150 200
mMMC [GeV]
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S / > )
Phys. Rev. D 93 m
N q | E . —
* Full 8 TeV dataset (20.3 fb ) 5 T < oy
. . o °F Vs=8Tev,2031" ° Wi (125Gev) |
* Exploit leptonic decay modes (I=e,p) s = Fake Facior BG ==
of Wand Z 8 1 = Others -
p a3 syst. + stat. E
* background suppression and triggering of event 12_ ATLAS W) Hioga)
e Analysis channels WH or ZH / lephad or hadhad o :
with dedicated selections: ok ;
* for Z(— Il)H: opposite-charge, same-flavour leptons af L
* for W (— lv)H: one lepton, b-tag veto 2
* for H — 77 hadhad: opposite charged taus %20 40 60 80 100 o et
* WH, lephad: same charge e+, opposite charge tau —
* ZH, lephad: 3 same-flavour lepton: opposite-charge and ATLAS VE=8TeV, 203 fo
. rd . - =
same-flavour palro(Z), 3 lepton (H) opposite charge to tau 2oty Hions) | 46502 .
* Mass reconstruction - -
Z(=I) H(>1t) | 1.0+3.5 .
* MMC (ZH) or M_.(WH): lower-bound on I = ]
transverse tau-tau mass WEN HETT) | 1.843.1 —e
e Fit to mass Val‘iable W(-N) H(>tr) | 1.3+2.8 .__..—.
=23 +1.6, < 5.6 (exp. 3.5) @95%CL T ;
6548 21012345678
Signal Strength (u) at m, = 125 GeV
Duc Bao Ta - DIS 2017 - Birmingham 8 &I!T“ﬁé
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VBE, H — bb 2
? >
JHEP 11 (2016) 112 m
B L S R L = E -
e Full 8 TeV dataset (20.2 tb ) £ [TATLAS | < o
- 1s=8Tev, 20260 Y pa
* Selection of 2 I =il 7
2 jet + 2 b-jets events o -
with VBF topology : f f
* one or two b-tags required for 05T Biag s ]
triggering ] ]
* high p of the bb system 03
. . . w = BDT response
* Multivariate analysis: BDT _
S| S R I R R R R RN RN RN RS
* fit to Tpp invariant mass spectrum in © 250? Category IV ATLAS E
four categories defined by MVA 8 ool s-8Tev. 202007
* More data beyond Run-1 needed wo
ML 10()?—'—data E
to reach SM sensitivity o Bl "
A e
p=-0.8 + 2.3 and p<4.4 (5.4) @95%CL ¢ ] NV R A p—
(mp=125GeV) % 20 ThL HIL.4 ti4 : et
a e 150 200 250
L [GeV]
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VBF+y, H — bb

ATLAS-CONF-2016-063
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* Run-2 13TeV using 12.6 {tb"

* Better background suppression by
additional high-p y requirement
* photon for triggering

* suppression of non-resonant background

LA R L B B A S R L B
£ ATLAS Preliminary —e— Data 3
e ). —— VBF H(125 107
F VS =13TeV, 1260 mmzayiaon) @ 1
E Hi Z + v (EWK)

= High BDT NgnRes Bkgd
F —— Uncertainty

e destructive interference of initial and
final state photon radiation diagrams

Events / 10 GeV
3

* Event selection of 2 b-jets and 2 jets ; ?ﬁ :
with high invariant di-jet mass :

* Multivariate analysis: BDT

* perform fit on M43 in three regions by
defined by BDT output o T A AR
60 80 100 120 140 160 180 200 220 240

pn=—-39"28 and p<4.0 @95%CL M, [GeV]
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VH, H — bb

* Run-2 13TeV using 13.2fb™

* Maximise sensitivity by
event categorisation
in events with 2 b-jets and -

* 0, 1 and 2 leptons (e, p)

* pt >150 GeV for o, 1 lepton events

* two categories separated by p¥ =150 GeV

for 2 lep

o pY=|BE|, pr( Bpe

+lep), pr(2 lep)

* zero or one additional jet (inclusive for

2 lep events)

 Multivariate analysis (BDT) in each

category

Duc Bao Ta - DIS 2017 - Birmingham
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Events /0

Data/Pred.

Events /0.13

Data/Pred.

1200[— o/ep., 3 jets, 2 tags m Single top -
r mm W+(bb,bc,cc, bl)
[ pY=150GeV . Z+(bb,bc,cc,bl)
[ Uncertainty —
1000 ++es Pre-fit background |
800 -
6004~ -
Leena,
400

—_

o

e e
B P Dat

120_— ATLAS Preliminary : V;(ib) (1=1.0) ]
[ {s=13TeV [Lot=1321b" = Diboson
[ 2lep., 2 jets, 2 tags i Single top

100— ", mm Z+(bb,bc,cebl) |
Py > 150 GeV 7222 Uncertainty
r ««us Pre-fit backg d

[N ]

; 1400~ ATLAS Preliminary

T e
—e— Data
. VH(bb) (1=1.0)
[ {5=13TeV [Ldt=1321b" = Diboson

B I B e
S T B I B A B S R
-1 08 06-04-02 0 02 04 06 08 1

VH

T LA L e

R
= 4+
-1 08 06-04 02 0 02 04 06 08 1

VH
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VH, H — bb

ATLAS-CONF-2016-091
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 Simultaneous fit of all BDT outputs from all categories

* Fit for signal strengths in each lepton category, for WH and ZH and
all combined

' 10° T T T T T T ATLAS Preliminary \/§=13TeV,JLdt=13.2fb'1
; 7 ATLAS Preliminary -e- Data _: T T 1 T T T [ T T T [ T T T [ T T T ]
‘§ 10°E 5= 13 Tev [Ldt= 13210 = Dibosor 0 5 ot
w 10° I3 = — D .-
Single t E
5 e P c.bl) Stat. Tot. ( Stat. Syst. )
10 B Z+(bb,be,cc,bl) 5
10° = o +0.67 [ +0.49 +0.45
E ZH= k= 0.15% yer (Zoa7 Zo'aa)
10° E
107 =
3 | +0.95 +0.68 +0.68\ _|
10 . WHm Fee—H 0337962 (Zo'6a —0%67)
sl I P I I I Loy 3
= L I L AN RAARS LA RN RARRR RARAS RARRS IS ination |— _
5 2f ! . L E Combination -1 021t051 (t0.36 i0'36)
k3 O_Fi_#_; ...... Y i S E 0.50 0.35 -0.36
s b Ill—f—YT 3 N S R E S N S
i e P = RN 0 2 4 6 8 10

log, (S/B)

Best fit u=o/ for m =125 GeV
All discriminant bins combined 't H=0/6y, H

pu=0. 21+03%(stat.) £ 0. 36(syst.) with significance of 0.42 g (exp. 1.94 0)
and p<1.2 (exp. 1.0) @95%CL
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ATLAS-CONF-2017-014
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- ' 1 , ) 4
* Run-2 13TeV using 36.1 tb s S
* Search for opposite charged | Do y
dimuon resonance in VBF and
gel’ production mode -
* New for run-2: selection of VBF & ©F ansseoimnay — +oma o
. I \s=13TeV,36.1fo! [JDrel-yan  —VBF
events with MVA (BDT) o g
* Events with b-jet veto e i
. 107 : : VBF tight
categorised 0 :
1 H
* in two VBF categories with BDT 10" -
targeting VBF topology ) I D
* in six ggF categories according to ; ;E: — T "‘f
pT(}l}l) and n(}l) " 0 02 04 o 0.2?3 DT: =
* Most sensitivity from VBF tight
category

Duc Bao Ta - DIS 2017 - Birmingham 15 ATLAS
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ATLAS-CONF-2017-014
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* Parametric functions for signal
and background pdfs for
m,,, distributions:
* signal: Crystal-ball + Gaussian

""""""""""""""""" ISR IR RN
35 c ATLAS PreI|m|nary 3

[ VBF tight \s=13TeV, 36.1 fb” _E
- x?/ndof = 30.7/48 -

Entries / GeV
w
O

* purely data-driven background:
exponential + BW + Gaussian for Z

—e— Data ]
Background model -
—— Signal [125] x 20

* Simultaneous fit of m,, o

distributions in all eight 5"
categories S

S
; +++ 83 + ++ ;; H'# + + JF+$H'+'+;'+H;‘$"$%
-2F s
_4 4
110115120 125 130 135 740 145 750 155 160

* In combination with run-1 result: m,, [GeV]
p=-0.13 + 1.4 with p<2.8 (2.9) @95%CL

p=-0.07 % 1.§ with p<3.0 (3.1) @95%CL

Pull
o
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Summary

FREIBURG

* Measurement with fermion decay channels still quite challenging

UNI

e New result with run-2 data on
e H — bb, still no evidence with first run-2 (13 fb") data
* improved limits on H —
 improved measurement for H — 77 in near future

* 13 TeV data expected to at least double this year

Summary of all measurement p’s and limits @95%CL shown here

ATLAS Hpup 7+ 8+ 13TeV | —0.13 + 1.4

[ATLAS-CONF-2017-014]

\ <28
| )

ATLASH — 777 +8TeV | 1.43703 ——
[JHEP 04 (2015) 117] :
ATLAS VH — 77 8 TeV 23+1.6 —_— <5.6
[Phys. Rev. D93] | ‘
ATLASVBFyH —bb13TeV | —3.972% ; <4.0
[ATLAS-CONF-2016-063] |
ATLASVHH — bb 13TeV | 0.21 +0.50 | —&—— | <12
[ATLAS-CONEF-2016-091] :
ATLAS VBFH — bb 8TeV | —0.8+2.3 f <44
[JHEP 11 (2016) 112] ‘\ |

0 05 1 15 2 3 57
i
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H — 771

‘ Channel | Preselection cuts ‘

Exactly two isolated opposite-sign leptons

Events with m,,q candidates are rejected

30 GeV < mYis < 100 (75) GeV for DF (SF) events

] o x B [pb] A&){ge <25
Signal (mu = 125 GeV) | MC generator 8 Tev Emiss > 20 (40) GeV for DF (SF) events
Vs=8 Te TlepTlep miss, HPTO

Er™ > 40 GeV for SF events

geF, H —» 17 POWHEG [42-45] 1.22 NNLO+NNLL [48-53, 84] P4 4 p% > 35 GeV
T TPT
+ PYTHIAS [46] Events with a b-tagged jet with pp > 25 GeV are rejected
VBF, H — 17 POWHEG + PYTHIA8 0.100 (N)NLO  [57-59, 84] 01 < 2py,ry < 1
WH,H — 771 PyYTHIA8 0.0445 NNLO [62, 84] meell > my — 25 GeV
ZH,H — 717 PyTHIA8 0.0262 NNLO [62, 84] Exactly one isolated lepton and one medium 7.4 candidate with opposite charges
ox B [pb] TlepThad mr < 70 GeV
Background MC generator Vs=8 TeV Evenjcs with a b—tz'zgged jet Witl‘l pr > 39 GeV are fejec'ted '
W ), (b=e 1) ALPGEN [77]+PYTHIA8 36800 NNLO [85, 86] One 1solajued medium and one isolated tight opposite-sign maq-candidate
27 (> £0) Events with leptons are vetoed
6 é v ’ 9 TeV ALPGEN+PYTHIA8 3910 NNLO  [85, 86] EF' > 20 GeV .
ZO © <£;n“ <zle - EX'ss points between the two visible taus in ¢, or min[A¢(r, EFR*)] < /4
* hadThad
/(= £0), ALPGEN+HERWIG [87] 13000 NNLO [85, 86] 0.8 < AR(Thady; Thada) < 2.4
10 GeV< mye < 60 GeV A1(Thad, ; Thad,) < 1.5
V:BF Z[v*(— L) SHERPA [88] 11 ; LO  [88] ‘ Channel | VBF category selection cuts
it POWHEG + PYTHIA8 253 NNLO+NNLL  [89-94] At least two jets with p?2 > 40 GeV and p¥2 > 30 GeV
Single top : Wt POWHEG + PYTHIA8 22t NNLO [95] TlepTlep A1, ja) > 2.2
Single top : s-channel POWHEG + PYTHIA8 5.61 NNLO [96] At least two jets with pJi > 50 GeV and p% > 30 GeV
Single top : t-channel AcerMC [80]+PyTHIA6 [73] | 87.81 NNLO [97] TiepThad | An(j1,j2) > 3.0
qq — WW ALPGEN-+HERWIG 54F NLO [98] mys > 40 GeV
g9 > WW GG2WW [79]+HERWIG 1.41 NLO [79] At least two jets with p4 > 50 GeV and pF > 30 GeV
Wz,Z2Z HERWIG 30t NLO [98] ThadThad | Py > 35 GeV for jets with |n| > 2.4
H—->WW same as for H — 77 signal 4.7t An(j1,42) > 2.0
‘ Channel ‘ Boosted category selection cuts
TiepTlep | At least one jet with pp> 40 GeV
All Failing the VBF selection

Duc Bao Ta - DIS 2017 - Birmingham
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H — 771
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. VBF Boosted
Variable
TepTlep TlepThad ThadThad | TlepTlep TlepThad ThadThad
mM.MC . . . . . .
AR(Tl, T2) [ ] o o [ ) o
An(.jhj?) o o o _.2 0.35F T T T T T T T
My o . . e 5 F o Zouu 1
Nj1 X Ny o L] > 03; -0 | *:
p! . . £ F ~|~ Data E
S 0.25F y
Sum pr ° ° = [ ]
T1 /T2 < r -0 ]
_pt/pY . . 0.2F ~ Embedded Data -
E7'55¢ centrality ° ° ° ° ° § ]
Mt . 015 o ATLAS E
My Ly e L ]
A¢(£1;£2) ° 01:— _:
Sphez‘licity ° 0.052_ 'O'_o_ _:
Pr hd [ - 1
p‘zrl o 0 :O_\ R R R _IO_T-O_V-O'F"OT‘-Ol—O—(D—G')—b—K')—q-O—H‘):
E%iss/pl% ° ﬂ 1.2F L T 7 T T 1
©
mr b . a 11
win(Ale gy o) . S DN S S
Cm,m (7721) : CT/l M2 (77@2) hd LIEJ 0.9r
0771,772 (7]2) s ogb—~ 1 v v v 1 L PR [ R
Come (njs ) b 0 2 4 6 Su 10
Cmﬂ)z(nn) o I(ET’ 03) . pT [GeV]
Copma (117) °
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H — 771

Relative signal and background variations [%]

Source TlepTlep TlepTlep TlepThad TlepThad ThadThad ThadThad
VBF Boosted VBF Boosted VBF Boosted

S | B s | B S | B S | B s | B S | B
Experimental
Luminosity +28 | £0.1 | +2.8 | £0.1 | £2.8 | £0.1 | £2.8 | £0.1 | £2.8 | £0.1 | £2.8 | +0.1
Tau trigger™ - - - - - - - - Tl <01 | TI8 | <04
Tau identification - - - - +33 | £1.2 | £33 | £1.8 | £6.6 | £3.8 | £6.6 | £5.1
Lepton ident. and trigger* ol A2 5T | fiE | £1.8 | 405 | £1.8 | £0.8 - - - -
b-tagging +1.3 | £16 | £1.6 | £1.6 | <0.1 | £0.2 | £0.4 | £0.2 - - - -
T energy scalef - - - +24 | £1.3 | £24 | £09 | £2.9 | £25 | £2.9 | £2.5
Jet energy scale and resolutiont | 5% | +9.2 | 47 13T 92 | £1.0 | £3.9 | 04 | 3% | £03 | T35 | +0.2
Emiss soft scale & resolution OO 09 | A0 A0S | 08 | £0.2 | 404 | <0.1 | £0.5 | £0.2 | £0.1 | <0.1
Background Model
Modelling of fake backgrounds*yf - + 1.2 - +1.2 - +2.6 - +2.6 - +5.2 - +0.6
Embeddingt - +3.2 - +e9 - | £15 | - | £l2 | - | £22 | - | £33
Z — ¢¢ normalisation* - + 2.1 - +0.7 - - - - - - - -
Theoretical
Higher-order QCD correctionst L3 x02 | FIES [ 202 | 2L | x0.2 [ Fi3E | 0.2 | %7 | <o [ FRY | <01
UE/PS +18| <01 |£59|<01| £38 | <01 | +29 | <01 ]| £46 | <0.1 | £3.8 | <0.1
Generator modelling +23 | <01 | 1.2 | <01 | £2.7 | <01 | £1.3 | <0.1 | £24 | <0.1 | £1.2 | <0.1
EW corrections +11 | <01 | 04 | <01 | £13 | <01 | £04 | <0.1 | £1.1 | <0.1 | £04 | <0.1
PDF?t Sl +£03 ] 82 02| 32 | +to02| F8S | o2 | 33 | +o02| T +o1
BR (H — 77) + 5.7 - +5.7 - £5.7 - +5.7 - + 5.7 - +5.7 -

Duc Bao Ta - DIS 2017 - Birmingham
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H — 771
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Impact = A/c,
-1| . .-‘0\'5‘ ‘ Q B 0|5 . “I . Channel and Category | Expected Significance (o) | Observed Significance (o)
1 modelling of JES é\%« TlepTlep VBF 1.15 1.88
e N TepTlep Boosted 0.57 1.72
BRGH 5 0 N TepTiep Total 1.25 2.40
I @ S TlepThad VBF 2.11 2.23
Normalisation of Z — 77, _, Hﬁg\?%_‘ TlepThad Boosted 1.11 1.01
................ % TlepThad Total 2.33 2.33
Tau energy scale response H?\i ThadThad VBF 1.70 2.23
R ‘3 Z\E i ThadThad Boosted 082 256
Flavour response of JES ) ‘ »—é§— 7 ThadThad Total 1.99 395
-~ N Combined 3.43 4.54
Flavour composition of JES 3 %
L ¢§
Underlying event % Source of Uncertainty ‘ Uncertainty on p
i N ]
_— &5 — A . . .
I = | +0.27
Normalisation of Z » 1, s _ N Signal region statistics (data) 1026
R : §2 - Jet energy scale 4+ 0.13
Normalisation of t/tt background for \/:2
boosted category in TiopThad channel ! v Tau energy scale + 0.07
....................... 2 < S
Luminosity é‘k Tau identification =+ 0.06
- Background normalisation + 0.12
ATLAS —e— Pull
- , Background estimate stat. + 0.10
is=7TeV, 4.5 fb" ~~ ] +1o Post-fit Impact on p &
's=8TeV,203 " | S -1o Post-fit Impact on BR (H — 77) +0.08
S — Parton shower/Underlying event + 0.04
ying
2 -1 1 2
% 6y PDF +0.03
0.33
‘ Total sys. ‘ e ‘
+0.43
‘ Total ‘ 037 ‘
Duc Bao Ta - DIS 2017 - Birmingham 23 P Ly Eé



Events / 0.4 Data / Model Events /0.17 Data / Model Events /0.11

Data / Model

"+ Data
— H(125) (u=1.4)]
H(125) (u=1)

T
TiopTip VBF
(s=8TeV,20.3 b
ATLAS

1 Fake lepton
777z Uncert. 3

S —
15

UYL SRR S0 )
- v

) L 1 1
-1 -0.5 0 0.5 1
BDT output

(a)

T T T
10* TiopThaa YBF ~o-Data 4
{s=8TeV, 203 fb" — H(125) (u=14)

H(125) (u=1)
mZ-
B Others
[ Fake ©

72 Uncert.

ATLAS

1.5
1 P - )
0.5
Il 1 1
-1 -0.5 0 0.5 1
BDT output
(c)
T T T
| Tadiag VEF e Data
10*F . — H(125) (u=1.4)
s=8TeV,203 " H(125) (i)
10°LATLAS -7 1

1
-0.5 0 0.5 1
BDT output

Events /0.4 Data / Model Events /0.18 Data / Model Events /0.11

Data / Model

T
TiepTiop BOOStEd —+— Data 1
_ -1 — H(125) (u=1.4)
{s=8TeV, 20.3fb H(125) (u=1)
ATLAS -z 4
B Others

0 Fake lepton 4
7 Uncert.

T
1.5
PP P ) ol
1 .o PEMA I o s
0.5
L Il L
-1 -0.5 0 0.5 1
(b) BDT output
T T
TiopThaa BoOSted -+ Data
V5 =8TeV,20.3 1" — H(125) (u=1.4)

H(125) (u=1) |
mZ- T
B Others
[ Fake ©
77 Uncert.

ATLAS

T
1.5]
1 . gt
0.5]
L I I
-1 -0.5 0 .
) BDT output
107 T T
105 ThadThag BOOStEd +Ze(zta Y )
£ . — H(125) (u=1.4)3
105—f;:;av.20.3m‘ g(125)(w=1) ]
Wz
10%F Bl Others 4
[ Fake ©
10° 77 Uncert.
107
10
1
T
1.5
1 - - L
0.5]
L I I
-1 -0.5 0 0.5 1
) BDT output

TT

ATLAS
my = 125.36 GeV

—o(statistical)

Total uncertainty

—o(syst. excl. theory)

—o(theory)

+03 :

ticonp

\s=7TeV, 451"
\s=8TeV, 203"
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H — 771

Measured o xBR [pb]

Predicted o xBR [pb]

UNI
FREIBURG

7 TeV 1.0 T3 (stat.) To 3 (syst.) 1.09 + 0.11
8 TeV 2.1 + 0.4(stat.) 03 (syst.) 1.39 + 0.14
Gluon fusion, 8 TéV | 1.7 + 1.1(stat.)"1-3(syst.) 1.22 £ 0.14
VBF+VH,8 TeV | 0.26 + 0.09(stat.) oo (syst.) 0.17 4 0.01
> o L ]
= P e . & 40 atLAS e Data .
e é o 1 K Best fit ] g - H—s 1t Cut-based analysis ; ;’(125) k=14
3. __ I:S =8TeV, 20.3 fb’ ——95% C.L. __ % 30__ p— O;)e:‘sr —
[ Vs=7TeV,45®%" 68% C.L. i L%J C I Fakes .
3‘_ATLAS + SM prediction | £ 20 77 Uneert N
E i @ | 1s=8TeV,20.3fb"
i m, = 125.36 GeV | ? - ]
F e . T 10 7
2r ‘ ] = b §
- . S
N ] &
L NG Tttt | fol
ok ’ 8
:I 1 | L1l ‘ | ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ 111l | 111 |: E
41 0 1 2 3 4 5 6 7 5
=
TT
Hogr
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H — 771
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E E
o "ATLAS s=8TeV,20.3f" 3
© Y MVA Observed _
8 10 = — CBA Observed H—1t 3
—l T Y% MVA Expected for m, = 125 GeV ]
1 CBA Expected for m = 125 GeV —
S oo E(Ny
1,.u............................................................................................................................................31cs
107 =
107 = NG T E
I Sz < X
10 3 E E
104E E
e ee e e ee e ettt Mo
10°F E
i | | | | 1 | 1 1 | | ]

10'6 1 1 1 1 | 1 | | | | | 1 1 |
100 110 120 130 140 150

my [GeV]
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Channel

Selections

W — uv/ev,

H— TlepThad

Exactly one isolated electron and one isolated muon

Exactly one Thaq passing medium BDT ID

P1(Thad) > 25 GeV

Same-charge e and u, oppositely charged Thag

Events containing b-tagged jets with pt > 30 GeV are vetoed

|p1T(Thad)| + [PT(W)] + [pT(E)| > 80 GeV
AR(Thad, Tlep) <32

W — uv/ev, H — ThadThad

Exactly one isolated electron or one isolated muon

Exactly two Tpaq passing medium BDT ID of opposite charge
P1(Thaa) > 20 GeV

IPr(Ti )l + Pr(tE,)l > 100 Gev

my(¢, ET*) > 20 GeV

0.8 < AR(t},, 72.,) < 2.8

Events containing b-tagged jets with pt > 30 GeV are vetoed

Z - pplee,

H— TlepThad

Exactly three electrons or muons,

One opposite-charge and same-flavor lepton pair

with invariant mass 80 < my; < 100 GeV

Exactly one Th,q passing medium BDT ID, with opposite charge
to the lepton assigned to the Higgs boson

P1(Thad) > 20 GeV

|pT(Thad)| + [PT(T1ep)| > 60 GeV

Z - pulee,

H — ThadThad

Exactly two electrons or two muons of opposite charge
Exactly two Thaq passing medium BDT ID of opposite charge
P1(Thad) > 20 GeV

60 < mygp < 120 GeV

IPr(ri el + Ipr(E, )l > 88 GeV
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VH, H — 77

Channel Obs. Signal Y Background Fake Factor Diboson Other

W — pv/ev, H — TiepThad 35 1.95+0.05 324+ 19 13.1+1.3 1354+035 57=x14

W — uv/ev, H— ThagThaa 33 1.84+£0.04 355+2.7 28.1+24 74+£12 -

Z — ppfee, H — TigpThad 24 1.14 £ 0.03 246+ 1.5 171 +1.5 7.28 +0.16 0.20 +0.01

Z — pujee, H — ThadThad 7 0.64 +0.02 6.8+1.2 47+1.2 2.09+£0.09 0.012 +£0.003

UNI
FREIBURG

> L L LR LN B I ML R > LN N R ELELEL IR ELLEL B
[ 4 [0} 4
Data 4 - Data 3
o '®fvs-sTev.203" * Wii(125Gey) | S 8 vs=sTev.203m" * i12sGev)
R m Fake Factor BG NT S m Fake Factor BG
2 gﬁ p 2 r Diboson ]
@ i Others 3 @ E m Others
& 14 z 1 & L syst. + stat.
12 syst. + stat. E 19F 1
W(siv) H ] r ATLAS W(—=v) H-tt) 1
10 (=) H>t) 7 10F B
8 .
6 -
4 J
2 E
EEEEL === [ J— S — e (e ] s T Y e
0 20 40 60 80 100 120 140 160 60 80 100 120 140 160 180 200
M,; [GeV] M, [GeV]
2 L] o L L B B B S L B B B B B
o] . e Data E 3 8 . e Data =
o 16f V5=8TeV,203f" _ Z1(125Gev) A o F V5=8TeV,20.310" _ 7 (125 GeV)
° 1 Fake Factor BG © I mm Fake Factor BG ]
2 zz 3 2 V4 p
S mm Others ] S s mm Others
] syst. + stat. i By syst. + stat.
ATLAS ] 5[ ATLAS Z(=>ll) H(—,)
Z(>ll) H(>tr) ab E
3
2F
1
,,,,, _~ L
50 100 150 250 300 100 150 200 250 300
My [GeV] My [GeV]
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Source Impact on event yield [%] Impacton u
Experimental

Luminosity +2.8 + 0.30
Tau identification +2-6 + 0.41
Lepton identification and trigger +1-1.8 +0.15
b-tagging +2 +0.16
T energy scale +0-2.9 + 0.57
Jet energy scale and resolution +4 -
E%‘iss soft scale & resolution +0.1-0.5 -
Background Model

Modeling of BG from misidentified jets +15-38 +0.72
Theoretical

Higher-order QCD corrections +2-8 +0.26
Underlying event/parton shower modeling +14 +0.07
Generator modeling +14 + 0.05
EW corrections +2 + 0.06
PDF +3-4 +0.18
B(H — 17) + 3-7 +0.17

Z(=l) H>t)

Z(—=ll) H(>1r,)
W(=h) H(-11)
W(—=) H(-1r,)

Combination

UNI
FREIBURG

LANLL IL L  IL LL IL L B BL

— Observed
---- Expected ATLAS |
i Vs=8TeV,203 fb"

0

2 4 6
95% CL limit on o/c,, at m,, = 125 GeV

Channel

Expected significance

Observed significance

W — uv/ev, H — TiepThad
W — uv/ev, H — ThagThad
Z — ppfee, H = TiepThad
Z — pujee, H — ThagThad

036 0
0320
028 o
0320

0.44 o
0.60 o
0.29 o
1.38 o
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I N . .
Z L
‘ Process H Cross-section X BR [pb] ‘ Acceptance ‘ : (24
VBF H — bb 0.9 6.9 X107 b
ggF H — bb 11.1 4.2 x107*
Z — bb + 1,2, or 3 partons 5.9 x10? 3.1 x107% = [T L N ]
& 10— ATLAS -
o - Simulation i
) . Category I Category I | Category III | Category IV 3 8 Cat " -
Process || Presselection | 0810 0.01) | (0.01100.06) | 0.06100.09) | (009 | E [ e ]
= L - _
VBF H — bb 130 39 33 23 19 6 — —
ggF H — bb 94 31 8.5 3.8 1.6 L {1 3ggFH - bb 1
Z — bb 3700 1100 350 97 49 A VBF H - bb ]
Data 554302 176073 46912 15015 6493 i ]
2 .
H category I | category II ‘ category III ‘ category IV | r ]
I —
Nominal 4t pol. 31 Pol. 37 Pol. 31 Pol. 40 160 180
Alternative || 2" Pol. X exponential | 3 exponentials | 2 exponentials | exponential m,, [GeV]
Source of uncertainty Uncertainty on p
MVA | Cut-based
E imental tainti Detector-related +0.2/-0.3 | +1.6/—1.2
xperimental uncertainties MC statistics 0.4 10.1
. .. MC signal modelling +0.1 +1.3
Theoretical uncertainties 7 yield 10.6/=05 11
.| Choice of function +1.0 +1.0
Non-resonant background modelling Sideband statistics 17 an
Statistical uncertainties +1.3 ’
[ Total | £23 [ +4.6/-44 |
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https://arxiv.org/abs/hep-ph/o702119

Uncertainty source Uncertainty Ay
Non-resonant background uncertainty in medium-BDT region 0.22
Non-resonant background uncertainty in high-BDT region 0.21
Non-resonant background uncertainty in low-BDT region 0.17
Parton shower uncertainty on H + y acceptance 0.16
QCD scale uncertainty on H + 7y cross section 0.13
Jet energy uncertainty from calibration across 7, 0.10
Jet energy uncertainty from flavour composition in calibration 0.09
Integrated luminosity uncertainty 0.08

Events

UNI
FREIBURG

R L N L N A
0.12ATLAS Simulation Preliminary [ZJVBF H(125) + v ]
B {s=13 TeV fZJNonRes Bkgd ]|
0.1+ -
0.08~ -
0.06[— -
0.04 =
0.02- =

6 04 0.6
BDT response

Result H(— bb) +vyjj

Expected significance
Expected p-value
Observed p-value
Expected limit

Observed limit

Observed signal strength u

0.4
0.4
0.9
6.0
4.0
-39
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https://arxiv.org/abs/hep-ph/0702119)

VH, H — bb

UNI
FREIBURG

Selection 0-lepton 1-lepton 2-lepton
Trigger Ess E™SS (u sub-channel)
Lowest unprescaled single lepton

Leptons 0 loose lepton 1 tight lepton 2 loose leptons

(= 1 medium lepton)
Lepton pair - - Same flavour

opposite-charge for yu

Ess > 150 GeV > 30 GeV (e sub-channel) -
my - - Tl <my < 121 GeV
St > 120 (2 jets), >150 GeV (3 jets) - -
Jets Exactly 2 or 3 signal jets Exactly 2 or > 3 signal jets
b-jets 2 b-tagged signal jets
Leading jet pr > 45 GeV
minA¢(ED', jet) > 20° - -
A$(ET™, h) > 120° - -
A (jetl,jet2) < 140° - -
AG(EDS, E;u,';jk) < 90° - -

pY regions

[0, 150] GeV (2-lepton), [150, co] GeV

Duc Bao Ta - DIS 2017 - Birmingham

Variable O-lepton 1-lepton 2-lepton
24 X X
EXTs X X X

2
p X X X
p%z X X X
Mpp X X X
AR(b1, by) X X X
|An (b1, b)) X X
A¢p(V, bb) X X X
|An(V, bb)| X
Ht X
min[A¢ (£, b)] X
my X
my X
MTop X
|AY (V, H)| X

Only in 3-jet events

e X X X
Mppj X X X
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O
VH, H — bb :
0]
I N . .
Z LLl
(4
= L
0-lepton 1-lepton 2-lepton
Sample py > 150 GeV, 2-tag py. > 150 GeV, 2-tag py < 150 GeV, 2-tag py. > 150 GeV, 2-tag
2-jet | 3-jet 2-jet 3-jet 2-jet | 3-jet 2-jet | 3-jet
Z+1 1.5+0.1 3.3+2.2 - - 4.6+0.1 15.4+0.5 0.4+0.0 2.9+0.1
Z+cl 4.2+1.8 6.7+2.6 0.9+0.6 - 13.9+5.9 49+21 1.0+0.4 | 10.0+4.3
Z + HF 864+49 1300+90 29.0+3.0 65.7+3.7 4000+120 8250+300 260+14 | 1192+49
W+l 2.3x1.5 3.8+2.2 4.3+0.1 9.6+0.3 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
W +cl 3.7+1.8 7.443.5 20+11 33+17 0.0+0.0 0.5+0.0 0.0+0.0 0.0+0.0
W + HF 184+37 440+96 741+114 1610+300 1.2+0.3 42+10 0.4+0.1 1.3+0.3
Single-top 45.5+7.7 204+39 331455 1590+300 139+39 400+130 10.5+3.0 44+14
Multi-jet - - 101+63 210+140 - - - -
tt 13614 1081+67 88682 75204360 4080+120 | 122104340 42.3+4.3 402+36
Diboson 56+17 65+16 39+10 68+16 121+32 190+36 8.3+2.3 | 46.6+8.4
Total bkg. 1297435 3110452 2152+48 11120110 8358+92 21150+150 322+13 | 1698+38
V H(bb) (fit) 3.7+8.7 4.3+10.3 4.2+10.1 5.0+£12.0 4.2+10.0 6.2+14.9 0.9+2.2 2.5+5.9
Data 1313 3120 2145 11124 8365 21163 316 1700 ‘
ATLAS
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VH, H — bb

Limit Po Significance
Dataset
Exp. Obs. | Exp. Obs. | Exp. Obs.
0-lepton 1 .4f8:2 2.0 | 0.07 0.15 | 1.45 1.02
1-lepton 2.0j8:2 2.1 | 0.15 046 | 1.04 0.10
2-lepton 1.8’:8:; 1.7 | 0.13 0.57 | 1.14 -0.17
Combined | 1 .01“8:‘3‘ 1.2 1003 034|194 042

ATLAS Preliminary Vs=13 TeV, [L dt= 13.2 fo'

T T I T T | T T T | T T T | T T T | T T T I
— — Tot. u
\Stat. Tot. (Stat. Syst.)
- +0.90 +0.64 +0.63
2 lepton ——e—=| 0.24" 0.84 (* 0.58 —0.60 ) -
+0.94 +0.67 +0.67
1 lepton — p—0—H 0.25_0_92 ( —0.64 —0.67 ) ]
+0.73 +0.59 +044y |
0lepton |-  K—e—H 0.47" 0.69 (T 055 —0.42 )
o +0.51 (+0.36 +0.36) _|
Combination F-o-1 0.21" =0 (Z035 Z03g)
R N I R BRI BT
0 2 4 6 8 10

Best fit p=c/c_ for m =125 GeV
SM

b-jet tagging efficiency 0
Z+HF normalisation

c-jet tagging efficiency 0
b-jet tagging efficiency 1
2-lepton tt normalisation
Z+jets M shape

{t normalisation (3-jet)
W+HF normalisation
Wajets p¥

Z+jets p¥

2-lepton tt p¥

0-lepton Z+HF normalisation
Single top Wt p¥

Single top t-ch. acc.

tt normalisation

c-jet tagging efficiency 2
Z+HF normalisation (2-jet)
Light-flavour tagging efficiency 0
f p¥

Single top t-ch. pX

ET'* soft term resolution
Wijets m. shape

Single top Wt U shape
b-jets response

Jet energy resolution

ATLAS
Preliminary

An
-0.2 —0.1 0 0.1 0.2
I L L I Y IO
P 5e——
iz, [ o
v ) 772/ /) H
H | & H
H ] 9.4 H
D 2| -
B =20
-
N7/ P —O—
5 F/: i
: v/ +—e——
allZl . 0
74 4 0
|24 e
7 o
7 o
S—le :
Z]l=C=x
>
7
1
Ve 1
i &
o
Vs=13TeV —e— Pul: - 6,)/20
4 =——&=—— Normalisation
J. Ldt=13.2b (////A +1 Postfit Impact on p
m,=125 GeV I:l -1o Postfit Impact on p
Lo o oo booc oo oo b b L
-2 15 1 05 0 05 1 15 2
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H —

Signal | Background | S/VB | Data
Central low p‘{” 10.7 9406 | 0.11 | 9822
Non-central low p* 28.9 35728 | 0.15 | 38438
Central medium p’;” 24.5 7802 | 0.28 | 8199
Non-central medium p’#‘ 65.1 30605 0.37 | 30497
Central high p‘;” 18.6 3685 | 0.31 | 3526
Non-central high pi¥ 44.1 11587 | 0.41 | 11595
VBF loose 34 239 | 0.22 245
VBEF tight 34 64 | 043 75
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