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$ATLAS  Introduction

Decay modes of the Higgs boson

* Observed in bosonic decay channels
s H-oZZ*— 4]
* H-vyy SM Higgs (125 GeV) branching fractions:
* H—->WW — v

Observed decays ~31%

* Essential to determine fermionic decay modes
* Do they follow Standard model predictions?

* Searches for fermionic decays are challenging
* H—bb :Large backgrounds
* H-o1t : Tau ID and trigger
* H—- pupn :Clean final state, but very small rate

* Combined Run 1 ATLAS+CMS results

 JHEPO8 (2016) 045 Dominant decay ~58%
Decay Measured Expected
channel signif. (o) signif. (o)
H— 1t 5.5 5.0
H — bb 26 3.7
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$ATLAS  Introduction

Production of the Higgs boson

* Gluon fusion (ggH)

g
* Largest production cross section
* Best suited for leptonic decay modes > — H
* 0=48.6pb
g

* Vector boson fusion (VBF)
* 2 forward jets gives unique handle for background reduction

* Considered in all searches for fermionic decay modes
* 0=3.78 pb

* Associated production with W/Z boson (VH)
* Leptonic decays of W/Z for triggering & background reduction
* Considered in searches for tt, bb decay modes

- 0=1.37/0.88pb (W/2)

* Associated production with tt (ttH)

* Leptonic decays of top(s) for triggering & background reduction
* Considered in searches for 11, bb decay modes
* 0=0.59 pb
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$ATLAS  Introduction

Results for this talk

* Houu
e 13TeV
* 36 fb-1
* Phys. Rev. Lett. 119 (2017) 051802

* H-o1r

* 7,8TeV

* 4.5+20.3 fb-1

* JHEP 04 (2015) 117 Measurement expressed in terms of
signal strength u:

* H—-bb
L 3611 (o BR)a

* Submitted to JHEP, arXiv: 1708.03299 .
.« VBF+y for SM Higgs @ 125 GeV

* 13 TeV

* 12.6 fb-1

* ATLAS-CONF-2016-063
* ttH

* 13 TeV

¢ 13.2 fb-1

* ATLAS-CONF-2016-080
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.051802
https://link.springer.com/article/10.1007/JHEP04(2015)117
https://arxiv.org/abs/1708.03299
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/

ATLAS  H — up

Phys. Rev. Lett. 119 (2017) 051802

Event selection

22 jets 22 jets
* VBF BDTscore > 0.9 0.7 < BDTscore < 0.9
* Atleast 2 jets v
* BDT to select VBF-like events (New in Run-2) S | Central Muons, Non-central Muons, %
s ” P
* “tight” (BDT-score > 0.9) o | pM<15Gev p#<15 GeV 5
o & ” < "~ < o c
loose” (0.7 < BDT-score < 0.9) g Central Muons, Non-central Muons, é
@ | 15<p"<50 GeV 15<p,H¥<50 GeV £
- ggF 2 j
(%] =
* Not selected as VBF B Ce“:ﬂaLOM?CS' Non'cfu“tgg'g’"\‘/°“s' T
. . . ~ > > £
- Events categorised according to di-muon prandeta |V L_Pr € Pr € g
S E L L "'|"'|"'|"'E > 105?'I"'I"""I"'I"'I"'I"'I"'l"'fz
P - ATLAS +Data  —ggF x100 | O E  ATLAS +Data  —ggF x 100 3
¢ 105 \g_13Tev, 361 fo" [JDrel-Yan —VBF x 1005 “\U’J F \s=13Tev,36.1 fo! [LJDrell-Yan —VBF x 100 -
o B @ Top —VHx100 J E 10" ETop —VHx100 =3
- [JDiboson . & = [CJpiboson 3
10* = B N
= 10°8 E
. loose E tiéht E E
10° = , S 102 E _
E £ —.— 11,z g Ay
Y E—— I e 8 et
-OZ 0 0.2 07.4 0.6 ; 0.8 I __1 0.60__ 20 40 60 80 100 120 140 160 180 200

u
BDT score Py [GeV] 5
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.051802

$ATLAS  H — pp R

Phys. Rev. Lett. 119 (2017) 051802

Results
_ _ o $ °°F amas =
* Binned maximum likelihood fit to observed m(upu) 2 o[ VBFtight (s = 13 TeV, 36.1 fo!
* Using the sum of signal and background (“S+B model”) £ 2; x/ndof = 30.7/48 3
E —e— Data E
* Signal model 205 T Sz E
* Sum of Gaussian and Crystal Ball functions 15 =
10 —
* Background model 5
* Breit-Wigner convoluted with a Gaussian, added PR A N SO P T
to an exponential divided by a cubic function T TS
° it H . . 2; ;
The Breit-Wigner models the tail the Z — pp background 7 g++++ﬂ++++++++“+++++$++mh$4,+ﬂm+lﬂ1:f%
* Simultaneous fit to m(””) for all categories 7:11;; 15 120 125 130 135 140 145 150 155 1_;

(2]

0

e u=-0.1+15 M [GeV]
* upper limit : p < 3.0 (exp. 3.1) @ 95% CL

* Combined with Run 1 Event yields within 90% mass window
* p=-01+14 5 B | S/VB | FWHM | Data
e upper limit: y < 2.8 (exp. 2.9) @ 95% CL Central low pht” 11| 8000 | 0.12 | 5.6 GeV | 7385
Non-central low pf/* 32 | 38000 0.16 | 7.0 GeV | 38777
.. . Central medium p.’f” 23 6400 0.29 | 5.7 GeV 6585
* Results limited by data statistics Non-central medium p/¥* | 66 | 31000 |  0.37 | 7.1 GeV | 31201
Central high ph# 16 | 3300 | 0.28|6.3GeV | 3160
Non-central high ph* 40 | 13000 | 0.35 | 7.7 GeV | 12829
VBF loose 34| 260 021]76GeV | 274
VBF tight 3.4 78 | 0.38 | 7.5 GeV 79
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PATLAS  H s 11 &

JHEP 04 (2015) 117

Event selection and Results

Tlepthad VBF + Data
\s=8TeV, 203 fb" — H(125) (1=14)3 ]
----- H(125) (u=1) |
ATLAS mZs
I Others
I Fake t©
72z Uncert.

* Categories based on Higgs production and tau decay 10°

* VBF, ggF and VH production

* All tau decays (lep-lep, lep-had, had-had) 10°

Events /0.17

10°
* Missing Mass Calculater (MMC)

* Reconstructs invariant mass of di-tau system 10
* Gives most probable kinematic configuration of neutrinos
using matrix element probability

* Separate BDTs used for VBF and ggF

Data / Model
o
(SIS
: °
I

. . .. . . . . | |
* BDT outputs used as final discriminating distribution -1 -0.5 0 0.5 1
BDT output
* Main backgrounds g famas L. ]
* Z(tt) : estimated with embedding technique 2 80 Ho VBFiBoosied K02 1)
; 2 [ \s=7TeV,45fb" > .
* select Z(up) even_ts in data S 60 s_sTov s0ant , ONeS E
* replace muons with simulated taus ST 277, Uncent ]
 everything except tau decays comes from data g 40 E
* Other \_‘-é/ 20:_ _:
e Z(ee), Z(up), WHijets, tt, diboson, multijet o ;
. . . § 202_;H£125; (u=,1'4)| S e o E
* Results : Combining all categories/decay channels % oL et ]
. . ‘a oo u=6. -
* Observed (expected) significance for H — tt: 4.50 (3.40) S 1
° “ = 1_43 +O43 _037 % 0: ‘ , -:
2 50 200

MMC
my " [GeV]
Search for H — 1t in VH production mode: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-01/ 7
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https://link.springer.com/article/10.1007/JHEP04(2015)117
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$atLas  VH H — bb

Submitted to JHEP, arXiv: 1708.03299

Event selection

* Lepton channels
* 0/1/2 leptons

* Require 2 b-tagged jets
* Event categories to maximize sensitivity

* 2/3jets
« high V p; regions

Z+hf, W+hf, tt W+hf, tt, single-top Z+hf, tt

L e B L L B e L A S S S S B S S B R B S B

L B B B L L L B B N

> - > F >
[) Data — ) - Data . [ C ata
5] ATLAS = VH s Vbb (1=1.20) _] S 00k ATLAS = VH o Vbb (u=1.20) 5] - ATLAS = VH s Vbb (1=1.20)
0 Vs =13TeV,36.1 10" -giboson 3 S 600: s=13TeV,36.1 10" -3iboson ] N 300[~ {s=13TeV,36.1 10" - ?ibgzcan o —
; 0 lepton, 2 jets, 2 b-tags 1 Single top n ; 1400 1 lepton, 2 jets, 2 b-tags jm Single top - ‘g E 2 leptons, 2 jets, 2 b-tags -ﬁ+( 5 <-=,cc, ) E
< pY > 150 GeV mm W+(bb,bc,cc,bl) — < L pY =150 GeV Multijet ] © o550 pY = 150 GeV Uncertainty T
4 T mm Wl 3 o L7 mm W+(bb,bc,cc,bl) ] L|>.| e Pre-fit background |
] W+l 7 1w 1200— o Weecel - C === SMVH — Vbb x20
B Z+(bb,bc,cc,bl) B ~ B Z+(bb,bc,cc,bl) — - B
 Z+cl - 1000F- Uncertainty 1 200— -]
Z+l 3 P, ... DT Pre-fit background - n
Uncertainty 3 M — SMVH — Vbb x40 1] - .
----- Pre-fit background - 800(— E - 150~ -
—SMVH%Vbb><10—E C e— ] C ]
3 600 e - u ]
4 3 100~ -
10 400 — C ]
- 200 - S0E =
1= 3 - .
-0'1,5;""\'"'\""\""\"_‘L""\"‘l S15F T T T T T T T T T T P IR I e I B R L I I I L I I
[ £ —— o E —— 1 s o £ 3
[ =SSP~ S e s [ S - et S [ \\w+«c \\\\\\ \n*mm’aw \\\\\\\\\\\ ]
8 f ++ 4 3t i ] - —+— E
S 05 B b b b bl ©05FE. v 1 1 © 0.5 Bl bbb b b b b by T
© 150 200 250 300 350 400 450 500 e 0 50 100 150 200 250 e 80 82 84 86 88 90 92 94 96 98 100 102
ETSS [GeV] mT(W) [GeV] my [GeV]
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$atLas  VH H — bb A

Submitted to JHEP, arXiv: 1708.03299

Analysis strate
y ay 2 lepton tt CR (ep events)

* 3 versions of the analysis 220 aananas T

T
—o— Data

- Nominal : BDT VH, H(bb) R = e
. BDT VZ, Z(bb) b ey R
* Cut-based m(bb) VH, H(bb) 1aob. F
1202— ’W
« Simultaneous fit to discriminating variable in all regions 100 e gy
* Normalisation of tt and Z/W+hf freely floating E -
* Uncertainties on overall and relative normalisation s0F- e E
between regions T -
* Shape uncertainties on all non-negligible backgrounds I . |__
% 1 EN#% ¢ + + + +
* Nominal : a 0'Sol - '5|o' ' '1(36 B '1520' - l2(‘JO‘ - '2520' 300
* 8 signal regions, 6 control regions My, [GeV]
Categories
75 GeV < pr. < 150 GeV | p¥ > 150 GeV
Channel SR/CR 2 jets I = 3 jets g:gets I 3 jets
O-lepton SR - - BDT | BDT
1-lepton SR - - BDT | BDT
2-lepton SR BDT BDT BDT | BDT
1-lepton | W + HF CR - - Yield | Yield
2-lepton epn CR ek s Yield ek
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g; EXPERIMENT

VH, H — bb

VZ, Z(bb) Cross-check

Submitted to JHEP, arXiv: 1708.03299

* WZ — Ivbb, ZZ — vvbb, libb
* Inclusive cross section ~9 times larger than VH
. Exactly the same events in data as for nomlnal anaIyS|s but using different d|SC|m|nant
a " UL I A L A o L Y R AL R N £ L B I IV A R R
2 10 E—ATLAS = VZ — Vbb (1=1.11) N - AT‘-AS B VZ - Vbb (u=1.11) N r AT’-AS -vz 5 Vbb (u=1.11)
2 F Vs=13TeV,36.1fb" - W B 2 | 1s=13Tev, 3611 - W 2 [ {s=13TeV,36.11b" h
2 I 0lepton, 2 jets, 2 b-tags -xh b @ 107 11epton, 2 jets, 2 b-tags -t\%h 3 @ |o?L 2leptons, 2 jets, 2 b-tags =§:gtlyb,bc,cc,bl) _
w B pV > 150 GeV mm Single top 7 w E pY =150 GeV i Single top ] w E pY =150 Gev Z4l E
- mm W+(bb,bc,cc,bl) T Multijet = £ T tt 3
o Wael r - W+(bb be,cc,bl) b r i Single top b
e Wall | - o W . F mm Wibbbccobl)
107 mm Z+(bbbc,cobl) Wi + S Uncertainty 4
Uncertainty = - Z+(bb,bc,cc,bl) B S Pre-fit background
----- Pre-fit background | J Uncertainty = = SMVZ — Vbb x10 |
= SMVZ - Vbb x104 i Pre-fit background =
B F — SMVZ 5 Vbb x20 3
E 10
Lo nllnnn
- e I B
[ [} £ ] o £
o SRS o E —.— b ¢ o Rasass L
< gy IS g 1 s g 1 e I «Nﬁ«‘xx\\*\\&\%\\\
© w05 bl b b b b b b b by A (UOS
o -1 -08 06-04-02 0 02 04 06 08 1 e -1 -08 06-04-02 0 02 04 06 08 1 e -1 08 06-04-02 0 02 04 06 08 1
BDT, output BDT,, output BDT, output
& et o Data 3
- 8
o 10°= ATLAS - \Z - Vbb (u=1.11) 2 T e
) 2 qop ¥5=13TeV 361 10" . Vh - ATLAS VZ,Z(bb)  1s=13TeV, 36.1 fb"
] it E
DIbOSOﬂ @ gl O+1+2leptons = Single top - —Total  —Stat. (Tot.) (Stat., Syst.)
10° Frafots bises . Wlbbbocebl) 3 0.34 0.18 +0.28
Wacl = +0.. +0. +0..
VVZ, Z(bb) -W:fl 3 oL 112 o5 (Zo:18 » 022 )
10° mmZ+(bb,bc,cc,bl)
ZZ, Z(bb) 10° Bt E 1L +0.59 (4024 +0.54
: —{o-—i 113 Z5e (%0245 055 )
10? =
. . i 3 0.33 020 +0.26
Significance: 10 2L ko 110 05 (%ol 02 )
1 e O S
Observed 5.80 E o
= O e 0 L B Comb. ) ﬁ‘22 (f0:11 1i0.'19 )>
Expected 5.30 g s 3 O PO AT s e ol b
e = =T E 4 0 1 2 3 4 5 6 7 8
D=_‘ S A N S B -
—2 - -1.5 = -0.5 0 0.5

it 1 \bb
Best fit [Ty
10

log, (S/B)

and lii
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g; EXPERIMENT

VH,

VH, H — bb

H(bb) (BDT)

0 lepton (2b, 2jet)

Events /0.13

T
ATLAS

T T
—eo— Data

i VH — Vbb (1=1.20)
(s=13Tev,36.11b" [ Diboson
0 lepton, 2 jets, 2 b-tags J

m Single top
p¥ > 150 GeV

mm W+(bb,bc,cc,bl)
o Wacel
W+l
mm Z+(bb,be,cc,bl)
o Z+cl
Z+1l
Uncertainty
----- Pre-fit background
=== SM VH — Vbb x 10

|

T

1 |

8}
g

05 &

L L L L B B L L

1 *wmﬂ‘«\_\»l\\_)\:\

Data/Pred.

-

-08 06-04 02 0 02 04 06 08 1
BDT,,, output

VH signal
WZ, Z(bb)
ZZ, Z(bb)

Events /0.13

Data/Pred.

Events /0.25

1 lepton

(2b, 2jet)

10° T

T
ATLAS
(s=13Tev,36.11b"

1 lepton, 2 jets, 2 b-tags
p¥ > 150 GeV

T T T

10°

T T T

3

10°

T —oI-Datal"
= VH > Vbb (1=1.20)
i Diboson

it

L]

i Single top

Multijet
= W+(bb,bc,cc,bl)
o Wl

W+l
= Z+(bb,bc,cc,bl)
Uncertainty
----- Pre-fit background
== SM VH — Vbb x 20

|

) SIS ST Q\\\\\§
0_5:_\ll‘A\\‘\\\‘\\\‘\Illlllllllllll‘\\\‘\\

-1 -0.8 -0.6 -0.4 0.2

0 02 04 06 08 1
BDT,,, output

ATLAS
Vs=13TeV,36.11b"

0+1+2 leptons
2+3 jets, 2 b-tags

e e R
-e- Data
B VH - Vbb (u=1.20)
i Diboson

tt

| ]

mm Single top
Multijet

mm W+(bb,bc,cc,bl)

o Wacl

W+l
m Z+(bb,bc,cc,bl)
m Z+cl

Z+ll

voud oo o o o o ol ol o

Events /0.13

k]
o
[a N
g
©
o

Submitted to JHEP, arXiv: 1708.03299

2 lepton (2b, 2jet)

L R I T
ATLAS
{s=13TeV,36.1 1"

2 leptons, 2 jets, 2 b-tags
p¥ > 150 GeV

Lo Data |
= VH > Vbb (1=1.20)
wm Diboson
mm Z+(bb,bc,cc,bl)
mm Z+cl

Z4l

tt

|

i Single top

= W-+(bb,bc,cc,bl)
Uncertainty

----- Pre-fit background
= SM VH — Vbb x 10

T S I I I I N I R = .
05 B vt b b by by by OO T

-1 08 06-04-02 0 02 04 06 08 1

BDT,,, output

Pull (stat.)

5_4v|\|\\|\‘l\\l‘vl\v|\v|\||\_|+|_‘|\\l|llwnj
031_1._ N *I;‘:-F_‘;&. 3
S A A B I AU AT ST I
35 3 26 -2 165 -1 05 O 0.5

log, (S/B)
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$ATLAS

i

VH, H — bb

EXPERIMENT

Results

* Evidence for H — bb
 Observed :3.50
* Expected :3.00
* p=120+042 434

* Lepton channel compatibility: 10%

* Dominant uncertainties
* Signal modelling
* MC statistics
* b-tagging

L I I T
ATLAS
—Total — Stat.
oL F—e— 0.45 "3
1L H—e—— 1.43 jf,’;gg
2L | ke 190 038
Comb. ko= 1.20 fg_'gg
IIII;IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII

e L LN IR R
VH, H(bb)  ys=13TeV, 36.1 fb”
( Tot.) ( Stat., Syst.)

+0.39 +0.36
(—0.37 » -0.34 )

+0.40 +0.56
(—0.38 » -0.45 )

+0.51  +0.59
(—0.49 » —0.42 )

+0.24 +0.34
(—0.23 » -0.28 )

-1 0 1 2 3 4 5

6 7 8

Best fit u°® for m =125 GeV
VH

]
|
)

WH

ZH

Comb.

Submitted to JHEP, arXiv: 1708.03299

1 lepton event

\ /@

-l A AN

IR IR IR DL LA B IR IR BRI

ATLAS VH, H(bb)  1s=13TeV, 36.1 fb™
—Total — Stat.

( Tot.) ( Stat., Syst.)

o= 1.35 050 (%038 ‘04s )

F—o— 0.50 0.34 0.37

1.12 i-0.45 (t0.33’i0.30)

0.42 0.24 0.34

: e 1'20 i.0.36 (t0.23 !f0.28)

IIII;IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII

-1 0 1 2 3 4 5 6 7 8

Best fit p for m =125 GeV
12
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$atLas  VH H — bb 4

Submitted to JHEP, arXiv: 1708.03299

Cross check with cut-based analysis

[
ATLAS —eo— Data

12
\s=13TeV, 36.1 b I VH — Vbb (1=1.30)
10 0+1+2leptons i Diboson

* Di-jet m(bb) mass as discriminating variable XY Uncertainty

* m(bb) after background subtraction (except diboson)
* Weighted by S/B of each m(bb) bin
* Signal scaled to best fit value of p

2+3 jets, 2 b-tags
Weighted by S/B Dijet mass analysis

(o]

III|III|III|III|III|!II|

* Results
* Significance
* Observed :3.50
* Expected :2.80

Events / 10 GeV (Weighted, backgr. sub.)

o =13O+O28 Stat +037 Sst —2—||||||||||||\|||||||||||||||||||||l_
g 027 (81aL) 09 (Syst) 40 60 80 100 120 140 160 180 200
m,, [GeV]
Additional selection in cut based analysis
Channel
Selection 0-lepton 1-lepton 2-lepton
mi - < 120 GeV -
E'rrniss/\/g _ - < 35\/GeV

p% regions

oY (75, 150] GeV | (150, 200] GeV | (200, o0) GeV
(2-lepton only)
AR(b1,bs) <3.0 <1.8 <1.2

13
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AtLAs  VH, H — bb

Submitted to JHEP, arXiv: 1708.03299

Run 1+2 combination

 Combine with 4.7 fb-1 and 20.3 fb-7 Run 1 result
* Correlate signal theoretical uncertainty and b-jet energy scale uncertainty
* Other uncertainties de-correlated

* Results
* Significance
* Observed : 3.60
* Expected :4.00

- +0.28

e u=0.90 -0.26

&) 10 L I L I T L T _l.l_ béial T | T ‘ T T T T I T T T | T T T ! T T T | T T T | T T T

s 10 ATLAS = VH > Vbb (1=0.90) ATLAS VH, H(bb) \s=7 TeV, 8 TeV, and 13 TeV

> 9 . i ) L dt=4.7 {b™, 20.3 b, and 36.1 fb™

@ 10°g (5=7Tev,471 i Diboson | , )

c T ft —Total - Stat.

5 107 fs=8Tev, 2031 -I\Snlnl«_'i;_l_ettop : (Tot.) ( Stat., Syst.)
107 Vs=13TeV,36.1fb" -W‘:(l')lg’bc’cc’bl) 7TeV| o - -1.61 1% (+1.22 +0.87 )
10° m Wecl . 146 \-1.137-092

A
10° (] §+(l?b,bc,cc,bl) :
I Z+cl . +0.43 +0.33  +0.28
10* Z+ll 8 TeV 0.65 -0.40 (2032 024 )
10° :
102 +0.42 +0.24  +0.34
- 13 TeV - hed 120 g (Y053 lozs )
®= =N . @ e R
: +0.28 +0.18  +0.21

n Comb. |rT| 0.90 ;% (o048 0710 )

E 1 1 I 1 1 1 i 1 1 | 1 1 1 | 1 1 1 | 1 1 1

= e -2 0 2 4 6 8

D:_ _3-.|5| 1 1_13| 1 |_| |.|51 1 1_|21 1 |_11| 15| I I_|1l 1 1_|01.15| 1 |(J) L1 |0—5 Best fit MI\DIIE{ for mH=1 25 Gev

Iogm(S/B)
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¥ALAS  VBF +v, H— bb .

ATLAS-CONF-2016-063

Search for H(bb) in VBF events with high pT photon

* Theoretical motivations for VBF + photon
* While having smaller cross section than incl. VBF
there are several advantages :

— Photon provides clean signature for triggering
« difficult to trigger on fully hadronic state for low p

— Gluon induced non-resonant background suppressed

* gluons don't radiate photons _
Signal process

— Destructive inference between diagrams in background
* FSRvs. ISR of photon

« Non-resonant background reduced by more than O(10) compared to simple scaling with ag,

Background processes

Negative
interference
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¥ALAS  VBF +v, H— bb .

ATLAS-CONF-2016-063

Search for H(bb) in VBF events with high pT photon

* Event Selection
* 2 Db-tagged jets
e 2 forward jets (m(jj) > 800 GeV)
* 1 central photon
* J|eta] <2.37
* extra handle to trigger on
* reduction of backgrounds

* BDT used to separate signal from background
* Divide BDT output into different sensitivity categories

* Fit m(bb) in each category to extract signal High sensitivity category

. . > L P N L L B B ':
* Results (95% CL limit) 3 70;%15?;:\?22.2?31 :Q’SEH(S%MM;
* Observed :p<4 2 b HighBDT  hziyEmg
. +2.3 * E NonRes Bkgd ]
b EXpeCted . lJ < 6 17 < = —— Uncertainty ]
| @ 50 -
L I ]
N T ;
Low Mid High B + $_ ]
% 0.121;4"11;4.'9 Simulation Prelimin ry‘ I.'V‘BF‘H212'5)‘+7‘; 30 +7 + =
G [ (s=13Tev @NonRes Bigd 2 E + -+-+- _+_ .
0.1 = 20F _+_ _+_ +i
‘ A 4
006; _: E . P PRI . .| L | 3
0.04F =
C g o
0.02]- - -
3E 1 .
60 80 100 120 140 160 180 200 220 240

0.2 0.4 0.6 My [GeV]
BDT response 1 6
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$atLas  ttH H — bb 4

ATLAS-CONF-2016-063

Search for H(bb) in association with tt

* Will provide direct observation of ttH coupling g > t
* Event selection ‘ H
 Search for leptonically decaying W's (1 or 2 leptons) -~ 5
* Categorise according to 1
* jet multiplicity g < i

* b-tagged jet multiplicity

* BDT used to separate signal from background

-'(L)350_LII|III|III|II\|III|III|III|III|IIIIIJ_
« BDT output used as discriminating variable in fit S [ ATLAS Preliminary -e-Data :
& 300F 1s=13TeV, 13.21b” EEHI o
C + g Z
* Results - Single Lepton COtt+21c -
o 09 o - Post-fit mtt+ V. -
* Only using 13 fb-1 — already reached Run 1 sensitivity! 200 [ ]Non-it .
ATLAS Preliminary ttH (bb), Vs = 13 TeV, 132fb1 E %anertainty;
..;Tot.,?’..,.‘,..,.‘. : 150 e ttH (norm.) 3
Stat. o s S .
Tot. ( Stat. Syst. ) —
Dilepton — e — 46733(75 %) B
Single Lepton| e 1.6 37 (705 09 ) }
e]
__________________________________________________________ o 1.25 £
410 [ 405 0. a1 aé%%%%%%%
Combined o 21 83 ( gg -857) ) ; 075 E W/%%/W//
02T e 0 12 e ie 18 g 05 ~0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 _1

Best fit pu = ™ol for m, = 125 GeV Classification BDT output
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$ATLAS  Conclusions

Searches for the 125 GeV Higgs boson decaying to fermions

* ATLAS is actively exploring direct fermionic decays of SM Higgs boson

* New results with Run 2 data
* Improved sensitivity to H — uu
* Exploration of new production channel VBF H+y
* Evidence for H — bb in VH production channel !

* More updates are underway
* E.g H— T, ttH, VBF, ...

Evidence (or better) for ~88%

18
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ATLAS  Back-up

19
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ATLAS

EXPERIMENT

VH, H — bb

Simulated events

ATLAS-CONF-2017-041, arXiv: 1708.03299

Process ME generator ME PDF PS and UE model Cross-section  ace2.5cm
Hadronisation tune order
Signal
qq —» WH Pownec-Box v2 [19] + NNPDF3.0NLO™) [20] PyTniag.212 [13] AZNLO [21] NNLO(QCD)+
— Lvbb GoSaM [22] + MINLO [23,24] NLO(EW) [25,26,27,28,29,30,31]
qq — ZH Pownra-Box v2 + NNPDF3.0NLO™ PYTHIAS.212 AZNLO NNLO(QCD)P) +
— vubb/Lebb GoSam + MINLO NLO(EW)
99— ZH  Pownec-Box v2 NNPDF3.0NLO™? PyTHIAS.212 AZNLO NLO+
— vubb/L0bb NLL [32,33,34,35,36]
Top quark
tt PownEG-Box v2 [37] NNPDF3.0NLO PYTHIAS.212 Al4 [38] NNLO+NNLL [39]
s-channel PownEg-Box v1 [40] CT10 [41] PyTHIAG.428 [42] P2012 [43] NLO [44]
t-channel PownEg-Box v1 [40] CT104 PYTHIAG.428 P2012 NLO [45]
Wt PowHEG-Box v1 [46] CT10 PyTHIAG.428 P2012 NLO [47]
Vector boson + jets
W — fv SHERPA 2.2.1 [16,48,49] NNPDF3.0NNLO SHERPA 2.2.1 [50,51] Default NNLO [52]
Z/~" — SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO
4 — vv SuERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO
Diboson
wwWw SHERPA 2.1.1 CT10 SHERPA 2.1.1 Default NLO
Wz SuERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO
ZZ SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO
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ATLAS

EXPERIMENT

Event selection

VH, H — bb

ATLAS-CONF-2017-041, arXiv: 1708.03299

Selection 0-lepton 1-lepton 2-lepton
e sub-channel 1 sub-channel
Trigger Errss Single lepton ETse Single lepton
Leptons 0 loose leptons 1 tight electron | 1 medium muon 2 loose leptons with pr > 7 GeV
with pp > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
Emiss > 150 GeV > 30 GeV - -
mee - - 81 GeV < mye < 101 GeV
Jets Exactly 2 or 3 jets Exactly 2 or > 3 jets
Jet pr > 20 GeV
b-jets Exactly 2 b-tagged jets
Leading b-tagged jet pr > 45 GeV
Hr > 120 (2 jets), >150 GeV (3 jets) - -

min[Ap(EF™, jets)]

> 20° (2 jets), > 30° (3 jets)

Ag(Emiss bh) > 120° - -

Ap(by,ba) < 140° — -

AG(EF™, i) < 90° - -

py regions > 150 GeV (75, 150] GeV, > 150 GeV
Signal regions v Mgy > 75 GeV or myop, < 225 GeV Same-flavour leptons

Opposite-sign charge (pp0 sub-channel)

Control regions

mpp, < 75 GeV and myqp, > 225 GeV

Different-flavour leptons
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$ATLAS

EXPERIMENT

VH, H — bb &

ATLAS-CONF-2017-041, arXiv: 1708.03299

Signal acceptance

my = 125 GeV at /s = 13 TeV

Process Cross-section x B [fb] O—Ieptor?cciﬁz?;;zi [%]Q—Iepton
99 — ZH — 00bb 20.9 <01 <01 7.0
g9 — ZH — 00bb 4.8 <01 <01 15.7
qq — WH — tubb 269.0 0.2 1.0 -

qq — ZH — vvbb 89.1 1.9 —~ —~

g9 — ZH — vubb 14.3 3.5 — —

Kristian Gregersen (UCL) — Cross
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$atLas  VH H — bb 4

ATLAS-CONF-2017-041, arXiv: 1708.03299

BDT variables
Variable O-lepton  1-lepton  2-lepton
pr = Faiss X x
EFies X X X
prl X X X
pf’l? X X X
mpp X X X
AR(by, by) X X X
|An(by, b)) x
Ap(V, bb) X X X
|An(V, 5b)] x
Mefr X
min[A¢(4; 5)] x
mlV «
myye X
Mtop X
|AY (V, bb)| x

Only in 3-jet events

P’ X x X
Mpbj X X X
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$atLas  VH H — bb 4

ATLAS-CONF-2017-041, arXiv: 1708.03299

Break-down of uncertainties on signal strength

Source of uncertainty Oy
Total 0.39
Statistical 0.24
Systematic 0.31
Experimental uncertainties
Jets 0.03
Exmiss 0.03
Leptons 0.01
b-jets 0.09
b-tagging c-jets 0.04
light jets 0.04
extrapolation 0.01
Pile-up 0.01
Luminosity 0.04
Theoretical and modelling uncertainties
Signal 0.17
Floating normalisations 0.07
Z + jets 0.07
W+ jets 0.07
tt 0.07
Single top quark 0.08
Diboson 0.02
Multijet 0.02
MC statistical 0.13
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$atLas  VH H — bb 4

ATLAS-CONF-2017-041, arXiv: 1708.03299

Results

I 1 | I I 1 | 1 1 1 | I 1 I | 1 1 I | 1 1 I
ATLAS VH, H(b ) \s=7 TeV, 8 TeV, and 13 TeV
[Ldt=4.7 6™, 20.3 fb™!, and 36.1 fb
—Total - Stat.
: (Tot.) ( Stat., Syst. )
7TeV| = - 150 ,+1.22 +0.87
o * i -1.61 t1_45 (54735 2092 )
+0.43 0.33 +0.28
8 TeV e 0.65 -0.40 (:ro.sz ’ t0.24 )
+0.42 0.24 +0.34
0.28 0.18 +0.21
Comb. - ted 0.90 “y% (Zo4g > 019 )
1 1 | 1 1 1 i 1 1 | 1 1 1 | 1 1 1 I 1 1 1
-2 0 2 4 6 8

Best it uoP for m =125 GeV
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