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N this talk:

* SM predictions for 125 GeV Higgs
* Cross sections and couplings

e Hoyy, HoZZ =40, HoWW* = 2ue'y

% Searches for tTH production and H—bb decay
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Higgs Expectations at s = 13 TeV
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Production modges

Vs [TeV]

Run | » Run |

WH (2.5%) ZH (1.6%)

Observed production modes: ggF, VBF
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HIQQgs decay channels

Channel  #B(mu=125 GeV)

S T e e e =&
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JHEP (2016) 2016: 45.

9

ATLAS Online Luminosity
w2011 pp Vs=7TeV
—— 2012 pp Vs=8TeV
m— 2015 pp Vs =13 TeV
e 2016 pp Vs =13 TeV
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https://arxiv.org/abs/1606.02266

Anatomy of ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Hannah Herde (Brandeis) WIN2017: 125 GeV Higgs Cross sections & Couplings at ATLAS



13.3 fb- ATLAS-CONF-2016-067

CATLAS

A EXPERIMENT

Run Number: 191426, Event Number: 86694500

Date: 2011-10-22 15:30:29 UTC

Bump in yy continuum; Rare decay
PB(my=125 GeV) = 0.23%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

H—YY analysis strategy

* 105 < myy < 160 GeV

13.3 fb!

g 20, owe  ATLAS Preliminary
£ e T eckground e ey X ¥1>0.35 myy & pr¥*>0.25 myy
2 160~ T S S/B weighted sumof
N 0B event categories 4 X|n < 1.370r1.52 <|n < 2.37
120— —
100~ = % Signal extraction from my, spectrum,
o~ = modeling background with analytic
60 = function
w0 -
2o§— —| & Neural network for vertex discrimination
i 5 — to Improve mass peak resolution
'E»; i Bkg %
o0 YY 79%
m,., [GeV] XJ 19%

i 2 5%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

13.3 fo!

H—YyYy fiducial volumes

* “Baseline” fiducial volume = fiducial inclusive
region

* Two more volumes defined to improve VBF, VH

sensitivity
diphoton baseline VBEF enhanced single lepton
Photons In| < 1.37 or 1.52 < |n| < 2.37
pr > 0.35m., and pl > 0.25m.,
Jets - pr > 30GeV | |y| < 4.4 -
- ms; > 400 GeV, ’ijj’ > 2.8 -
- APy 5l > 2.6 -
Leptons - - pr > 15 GeV
n| < 2.47
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

13.3 fb

|
Fiduclal cross sections

* Fiducial volume mimics selection from
reconstruction to minimize model dependence

* Account for trigger, reconstruction, identification
efficiencies and resolution eftects with bin-by-bin
unfolding assuming my = 125.09 GeV

* Signal extracted with unbinned likelihood fit to myy
spectrum in bins of observables

Fiducial region | Measured cross section (fb) SM prediction (fb)
Baseline 43.2 +14.9 (stat.) £ 4.9 (syst.) | 62.8 777 IN3LO + XH]
VBF-enhanced | 4.0+ 1.4 (stat.) £0.7 (syst.) | 2.04£0.13 |[NNLOPS + XH]
single lepton 1.5+ 0.8 (stat.) = 0.2 (syst.) | 0.56 £0.03 |[NNLOPS + XH]
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13.3 fo!

Differential cross sections

— 1_5 — LA | '_‘150
> 2 i . 2 -
8 - ATLAS Preliminary my = 125.09 GeV = 8oL ATLAS Preliminary my=125.09 GeV = | ATLAS Preliminary my, = 125.09 GeV
S [+4data totunc. [Jsystunc. [ 99—H NNLOPS + XH, S |4 data tot.unc. []syst.unc. B NsLO+xH & [+ data tot.unc. []syst.unc. £ 99—H NNLOPS + XH;
= IH-yy, (s=13TeV, 133 fb" Kgg—n=1.10 ] H—yy, Vs=13TeV, 133 fb" B N3LO+JVE + XH & [H—yy,(s=13TeV, 133fb" Kgg—ri=1.10
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S 4 - 6o ® & I B GoSam+Sherpa+ XH - !;100 4
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0.5 . - : 1 50+ i
L o> tEp 1 I
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* Observables: pr¥¥, |Viyl, |cOSE*|, Ady, Niets, M, Pry-

* Probing kinematics, spin, parity, production mode
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

13.3 fo!

— >t

H—Yyy event categories fo

2 categories:

1) >1 top decays
leptonically

2) Both tops decay
hadronically

5 categories:

1) Dilepton: ZH,
/=L

2) One lepton: WH,
W—Lv

3) VH Egmiss; /H,
Z—->w, W—Lv (no
£ found)

VH — hadrons, split

with BDT

4) VH hadronic tight

5) VH hadronic
loose

r couplings

q q
W,Z
................. H
W,Z
> > q

2 categories:

e >2 hadronic jets

e 2 leading jets
define VBF system

* Anj>2

|y - 0.5(n1+1)]
<5

« BDT

1) VBF tight: high
BDT score

2) VBF loose

4 categories:

e Separated
according to
expected myy
resolution and S/B

E<70§

: - >70
I\er - Gev  Gev

central central

..........................................................

forward forward
low-prt | high-pr

% 13 exclusive categories, split with increasing expected production cross section

* Then grouped to measure couplings
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

13.3 fo!

Simplitied template cross sections

* Assuming my = 125.09+£0.24 GeV

* Restricted to |yH| < 2.5

Tagn X B(H = yy) = 6359 fb
X OvHiep X B(H—YY) from leptonic 163
decays of vector bosons over X B(H — yy) = 17.8 255 tb
O VHlep X BH — yy) = 1.0 t%g fb
e WLy
Ovihad X B(H = yy) = -2.3*2¢ b
« /(K =e, ) o X B(H — yy) = —0.3 j;‘l‘ fb
e /W
X OvHhad X B(H—YyYy) from hadronic More on simplified template XS
decays of vector bosons in LHCXSWG YR4 Ch 111.2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
https://arxiv.org/pdf/1610.07922v1.pdf

13.3 fb-

|
Coupling measurements

ATLAS Preliminary —e—i Total
| {s=13TeV, 13.3fb™

+1.26

o — ® : W =-0.25 " g

_ +1.27
MVH B : ® : MVH _023 -1.05

+0.80
=224 _,7

VBF

+0.29

MQQH [ —e— N gt =0.59 5

+0.22

Run-2 | e . =0.85 -0.20

+0.28
Run-1 [ H—e— MRun-1_1"I7 -0.26

-2 —1 0 1 2 3 4 5
Signal Strength

o X B(H - yy) = 65737 fb
over X B(H - yy) = 19.2 703 fb
oy X BH > yy) = 127 fb
oin X B(H - yy) = —03 1 b
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36.1/14.8 fb- ATLAS-CONF-2017-032, ATLAS-CONF-2016-079
@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

H—ZZ* > 40

Narrow peak on smooth background; Small statistics
S/B ~ 2, B(my=125 GeV) = 0.0124%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
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36.1/14.8 fb- ATLAS-CONF-2017-032, ATLAS-CONF-2016-079

H—//"— 4% analysis strategy

* Loose lepton ID to

> _I T | T T | T T | T T | T T | T T | T T | T T | T I_ . . . .
& oL ATLAS Preliminary o2 %, . oo - maX|mt|ze efficiency and
- * Background ZZ* .
L(N)' A %14| 5 Background tt+V, VVV 7 accep ance
— - 13 TeV, 36.1 fb’ ] Backgrqund Z+jets, tt |
£ 40 77 Uneeriainy 1 X115 < ma < 130 GeV
S [ :
> - _
LL - N
30 [- i 4 Kk ptr>5GeV |n <27
_ It :
L g o Z
20 |- / - *x or° > 7 GeV, ‘I’]‘ <247
1oL | | * Selection acceptance
? | VISR A ~50% total phase space

; AR |
80 90 100 110120 130 140 150 160 170 BKkg Estimate approach
m,, [GeV] SM Z27* simulation
Zj, tt, triboson from data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/

36.1 fb-

| |
H— 4L fiducial volume

Acceptance ~ 50%

Leptons and jets

Muons: pr > 5 GeV, |n| < 2.7
Electrons: pr > 7 GeV, |n| < 2.47
Jets: pr > 30 GeV, |y| < 4.4

Jet-lepton overlap removal: AR(jet, ) > 0.1(0.2) for muons (electrons)
Lepton selection and pairing

Lepton kinematics: pr > 20,15,10 GeV

Leading pair (m12): SFOS lepton pair with smallest |mz — myy|

Subleading pair (msy): remaining SFOS lepton pair with smallest |mz — myy|
Event selection (at most one quadruplet per channel)

Mass requirements: 50 < m1o < 106 GeV and 12 < mg4 < 115 GeV

Lepton separation: AR(4;,£;) > 0.1(0.2) for same- (different-) flavour leptons

J /1 veto: m(¢;,£;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 GeV < myy < 130 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/

36.1 fb-

|
Fiduclal cross sections

Acceptance x Efficiency = 16% (4e) - 31% (4p)

—e— Data
ATLAS Preliminary [ ] Syst. uncertainties . . .
H s 77% a1 . LI)-I|CXSWG ggH @N°LO + XH * Slgnal extracted with prOflle
A HRes 2.3, N°LO+N°LL + XH . . .
13 TeV, 36.1 fb ¢ MG5 FxFx + XH likelihood template fit to Mae
+ Powheg NNLOPS + XH
spectrum
2 180 54.55— ggoi—
“ 16 Yk © s0f * Corrected for detector resolution
T4E 350 3 $ and efticiency
1.2 4 3F = w 60F .
b 25F 50/ . B :
ok . * wf , * Same flavor and opposite flavor
06F 155 * . 30F Cross sections extracted to probe
o4 13 o sensitivity to interference between
0.2 0.5 10 . .
: : : all same-tlavor leptons in final
28 15 e = state (SM: ~10% effect)
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36.1 fb-

Differential cross sections

pt#t Niets lcos6|

L . i — C T T T ] — T T
o 0.14] ATLAS Preliminary ~ —e— Data -1 2 " ATLAS Preliminary =~ —>— Data ] = - ATLAS Preliminary ~—>— Data 5
0] T H—ZzZ* -4l [ syst. uncertainties ] 5 T H— 77— 4] [ ] Syst. uncertainties ] —_ 0L L7 Ly [ ] Syst. uncertainties -
~~ - - - ) - —
S 0120 13Tev,36. e £ HRes k=1.1, +XH - 2.5 13 TeV, 36.1 b *  NNLOPSk =1.1, +XH — & - 13 TeV, 36.1 fb” - NNLOPSk =1.1, +XH -
'—'?r . NNLOPS k =1.1, +XH . Z D MG5 FxFxk =147, +XH a3 s I MG5 FxFxk =147, +XH |
= 01 B MGS FxPx & =1.47, +XH - ol S99 XH = VBF+WH+ZH-+tH+bbH LS} L p-value NNLOPS =55%  ..0oil XH = VBF+WH-+ZHsttH+bbH —
. = 2R XH = VBF+WH+ZH+ttH+bbH - - 5 - p-value MG5 FxFx = 60% -
% 0.08 p-value NNLOPS =25% - C p-value NNLOPS =33% | 3 o N
S U p-value MG5 FxFx = 42% 15— I - p-value MG5 FxFx = 55% — © - -
0.06— p-value HRes =21% 7 C ] B i
R 5 E - i E
0.04 [+ -4 ] - sl ] :II = II -4 o | w el
- i . 050 f [Jf] = 2| ~
0.02/— 1 I*A — “E S B [p . B ]
- I+.r -t . - : . N i
OLammeakesdacbocnsapranarpunseeguasananas: N T 0 Eansrnnrrrreerreg TN TR e 0 S N S R R T S SRR
- — — = 251 — S 25 —
2 25 2 g
@ 21~ — Q 2 7] 2 2 B
c " < c . .
E 151 /1 & 15 1 1 I ' 7 £ 15 l - : ' a
o | I ....... I ..................... — % -l — % | R bt Rl [k Beibiahiiil ]
8 0.5 I — o 0.5 — Q 0.5 ! . |
0 10 15 20 30 45 60 80 120 200 350 0 1 2 >3 0 01 02 03 04 05 06 07 08 09 1
pT 41 [GeV] Njets lcoso*|

* Observables: IOT4€’ ‘y42" ‘COSQ*" A¢JJ’ My, Mg, Njets= mjji Pr1.J1

* Probing kinematics, pp collision PDFs, spin, parity,
production mode, perturbative QCD
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36.1 b ATLAS-CONF-2017-032

Double ditfferential cross sections

Niets=2

S O ATLAS Prefimi —— Data ' 3 < ' [ ! ' < 0008¢ — 3

&) - [reiminary [ Syst. uncertainties ] o 0.025]— ATLAS Preliminary Data ] > E  ATLAS Preliminary Data .

(2 0.07 = H—ZZ" — 4] . yst. = 5 - H— 77* — 4] [ ] Syst. uncertainties . (5 0.007H—2zz* -4l [ ] Syst. uncertainties __

e - 13TeV,36.11b " NNLOPSk=1.1, +XH 1 3 L 13 TeV, 36.1 b - NNLOPS = 1.1, +XH ] S - 13 TeV, 36.1 fb” - NNLOPSk = 1.4, +XH 3

o 005 EEE MeSPPxk=147. X0 = =0 W MGS FxFxk=147,0H | ®= 0.006]- D MGS FxFxk =147, +XH  —

s 3 0.05 = et XH = VBF+WH+ZH+ttH+bbH E I, - B SN XH = VBF+WH+ZHattH+bbH ] N, - NV XH = VBF+WH+ZH+ttH+bbH

= F UPE I B - . = < 0.005F =

% Co H ... p-value NNLOPS = 17% . % 0 015__ p-value NNLOPS =17% _| = Q:_ - p-value NNLOPS =17%
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e W b . |
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* Probe perturbative QCD for different production
modes
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14.8 for
H— 4 event categories for couplings

m,, [118-129] GeV

__I_l T | T T | T TT | T 1T | T 1T | T T | T TT | T TT | T 1T T |]:

= .. Dat 3

- ATLAS Preliminary > goF + t -

B . [ VBF i

pTi>30GeV [ H—>ZZ* — 4l :l\z/zH :
~ 13 TeV, 14.8 fo! = Sriets,

NJet = 2 VBF-enriched tt+V, VVV
vz, Uncertainty

2 or more jets

(>:1 legém\i) Ojet ljet m;<120 GeV m;>120 GeV = \E
Pt~ o L€ - ]

Discriminant Discriminant Discrim.inant Discriminant i )
Just counting BDT-ZZ BDT-1j D P BDT-2jVBF 107 ¢

N\

. ' 10—2 [T ENET AN AT A
ggF + ttH \ : -1-0.8-0.6-04-0.2 0 0.204 06 0.8 1

- _ 7 ' BDT VBF
+ bbH '
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14.8 fb-1 ATLAS-CONF-2016-079

Coupling measurements

5‘ 2-2:1 | l 1T 171 I LI I L I L I L I LI l:
= oF ATLAS Preliminary ~ —-Bestfit
K - H— 727" — 4l —68%CL E .
H 18; 13 TeV, 14.8 fb :i;/" CL - O ooF+bbH+17H BH — Z7") = ISOtgiZ Pb
1o rvmn - BH - 72°) = 03703 ph
% 125_ ‘el _E O_VH . B(H N ZZ*) — 0+0.15 pb
X - ]
AR -
b@o,s;— E Expected
0.6/ - :
0.2 e L osmver - B(H — ZZ*) = 0.100 + 0.003 pb
05 1T 15 2 25 3 35 osmv - B(H — ZZ*) = 0.059 = 0.002 pb
oggH+be+ﬁH><BR(H — ZZ*) [pb]
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ATLAS-CONF-2016-081

13.3 (yY) + 14.8 (49) fb-1

yY/42 combination

ATLAS Preliminary m_=125.09 GeV
(s=13 TeV, 13.3 fb™' (yy), 14.8 fb' (Z2)

-@- Observed 68% CL SM Prediction

Otot VS 4/S trends with SM

cSggF @
'5‘ _' L L L L B e e e e e '_
— - &I 100 ATLAS Preliminary — O,y My =125.09 GeV -
B * QCD scale uncertainty y
o 0 L AH-yy 0 H-ZZ*—4l ]
VBF —
b% ¢ comb. data syst. unc. B Tot. uncert. (scale ® PDF+a,) i
80+ 0 -
OVHhad © 60
401 -
GVHIep e N ]
- B 20 —
i Vs=7TeV, 4510 ]
Oiop —_—— - Vs=8TeV, 20.3 fb" -
O {s =13 TeV, 13.3 o (yy), 14.8 o (ZZ2*) ]
oo b b b b b b Lo b ' 7' - é - é - 1'0 P 1'1 - 1'2 - 1'3
54 -3-2-10 1 2 3 4 5 (3 [TeV]
e

Parameter value norm. to SM value
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ATLAS-CONF-2016-112

Longitudinal View | Projected n-¢ view

_4 0° 90° 180° 270° 360°
¢

ATLAS

EXPERIMENT

Run Number: 280673, Event Number: 2811124938
September 30, 2015, 05:55:03 CEST

H—=>WW*—Lvl'y

Abundant decay...and abundant backgrounds
PB(mu=125 GeV) = 1.06%
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H—->WW*—=£vL'v analysis strategy

5.8 fo!

Concentrate on VBF, WH production —

event topology distinguishes signal
from backgrounds

* Selection designed to suppress

% 60_‘"'I""I'"'I'"'I""I""I"/"I""I""_ ' —_)
3 % arias Proimnay B0 gMo9 - backgrounds (Top, Vj, WW, Z-TT, ggF, VV)
P O o A . . .
N i O Hyor ] * ggF not considered — high QCD muilti-
. ] jet backgrounds .. treated as

. . background

i, D ]

s ] * Top, Z— 1T estimated from data (rest
from simulation)

m [GeV] Y Multivariate discriminant (BDT) in VBF
channel
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5.8 fo

ATLAS-CONF-2016-112

Observed signal strength and significance

cY). 120 B I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I |
< B . —4- Data 7% SM (sys) i
P ~ ATLAS Preliminary Waets B 7 ets -
S 100~ Vs=13TeV, 5.8 fo™ " ITop B Other VV = —
> - ) B ww __|Other Higgs |
o L H— WW — eutue i
i mH CIH e i

80 — == H vee X 10 —

_ i

* Observed significance < 20
— upper limits at 95% CL

- o o m w m_

* lim(overx#B) = 3.0 pb &
w im(ownX %) = 3.3 pb

-08 -06 04 -0.2 O 0.2 04 0.6 0.8 1
BDT score
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ttH (0.9%)

Search for ttH production

Direct probe of top-Higgs Yukawa coupling
SM predicts 3.9x more common at 13 TeV compared to 8 TeV
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13.2-13.3 fb!

Combined search: ttH

ttH(H—yy)
(13 TeV 13.3fb™")

Diphoton

ttH(H-=WW/tt/Z2)
(13 TeV 13.2fb™")

Multilepton

ttH(H—bb)
(13 TeV 13.21f™)

ttH(H—bb)

ttH Combination
(13 TeV)

Combo

ttH Combination
(7-8TeV, 4.5-20.3fb™")

Expected Significance

Hannah Herde (Brandeis)

ATLAS-CONF-2016-068

production

ATLAS Preliminary

I I L L B B
s=13 TeV, 13.2-13.3 b

- Expected (u=0) = 1o

----- Expected (u=0) + 20
------ gl —— Observed
R Expected (u=1)
| E 1 1 I 11 1 | I 11 1 1 I 11 1 1 I 11 1 1 I 11
1 2 3 4 S 6 4
95% CL limit on ne atm =125 GeV

Run Il observed
significance = 2.80
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ATLAS-CONF-2016-091, ATLAS-CONF-2016-063

13.2/12.6 fb
GATLAS

EXPERIMENT
http://atlas.ch

Run: 209787
Event: 144100666
Date: 2012-09-05
Time: 03:57:49 UTC

Search for H—=bb decays

Common decay pathway plagued by tremendous backgrounds
RB(my=125 GeV) = 58%

Hannah Herde (Brandeis) WIN2017: 125 GeV Higgs Cross sections & Couplings at ATLAS
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13.2 b ATLAS-CONF-2016-091

Search for VH—=bb

% [ T T I T T T T I T T T T I T T T T I L.L IDa'Ita I T T T T I T ] % 1 000 _I T I T T T T I T T T T I T T T T I L.L IDa'Ita I T T T T I I_ % B T T I T T T T I T T T T I T T T T I L.L IDaIta I T T T T I T ]
S ool ATLAS Preliminary mm VHb) (1=1.0) ] O - ATLAS Preliminary mm VHpb) (1=1.0) | O - ATLAS Preliminary BN VH(bb) (1=1.0) ]
= - (s=13TeV [Ldt=1321b" mm Diboson 18 ~ (s=13TeV [Ldt=132fb" - Diboson 1 8 120[ Vs=13TeV fLdt=13.2fb" mmm Diboson —
~ | Olep., 2 jets, 2 tags m Single top 4 = | 1lep., 2 jets, 2 tags m Single top I L 2lep., 2 jets, 2 tags m Single top i
i) -y mm W+(bb,bc,ccbl) | £ 800 v Multijet ® -y mm Z+(bb,bc,cc,bl) _
OC) 400 | pT = 150 GeV B Z+(bb,bc,cc,bl) 1 (IC) - pT = 150 GeV mm W+(bb,bc,cc,bl) — % 100 | pT = 150 GeV Uncertainty —
S - 7721 Uncertainty 4 S - I Z+(bb,bc,cc,bl) - S - aaam Pre-fit background —
w - «« Pre-fit background - LU L Uncertainty 4 W - n
- — 600 Pre-fit background _| 80 C T
300 — ] - . B ]
- . B presee s0— iy
o0 7 400 B | I
T Bl == _ - 40— T
1001 200~ K ool P e
0
_qo; 1 2 i T T I T T T T I T T T T I T T T T I T T T T I T T T T I T 7: 8 1 2 i T T I T T T T I T T T T I T T T T I T T T T I T T T T I T 7: 8 1 .5 }I T I T T T T I T T T T I T T T T I T T T T I T T T T I I{
D\t 1 %%/MW/Z&////W@W/%/W/ e rees leaele el /% D\L_ 1 U7 v/é// % /W * ;i ji/f#/#%/% D\!: 1 i Wm*;m Ww&mq ;# 4# i
§ 0.8 ?I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Ii § 0.8 }I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Ii § 0'5 il 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Iif
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
m,, [GeV] m,, [GeV] m,, [GeV]

* Mopb DINNed In 2-jets and 3-jets x O, 1, 2 leptons
* prv > 150 GeV (V = W, Z)

* bb QCD production is major background
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13.2 fo!

ATLAS-CONF-2016-091

Search for VH—=bb: Results

Lr). 108 E:I_—|- I I TTT1 I ITTT1 I I TTT1 I ITTT1 I I TTT1 I T T I I TTT1 I ITTT1 I I TTT1 I -l—_EI:

o = =

= 107 - ATLAS Preliminary —e- Data -

% = — _ R Bl VH(bb) (u=1.0) =

§ = (s =13 TeV [Ldt=13.2fb = Diboson =

6L tt —

w10 = mm Single top =

s B W+(bb,bc,cc,bl) -

107 Bl Z+(bb,bc,cc,bl) =

=P 3

10°E —o— o E

;I I L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 1 1 I | | E

:_\ :I I | T 1T | T 11 | T 1T | T 11 | T 1T | T 1T | T 1T | T 11 T 1T I I:

o = E

\({){ - ]

D=3_ —2 :I_I | I | | I-l_r*ﬂ_l-l | | 1 1 1 1 | I | I | I | 1 1 1 1 | I | I_I:
-4 35 3 256 -2 -15 1 -05 0O 0.5

Iogm(S/B)

ATLAS Preliminary Vs=13TeV, [L dt=13.2fb”

| T T | T T T | T T T | T T | T T T
L — Tot. |
Stat. Tot. ( Stat. Syst.)
67 4 4
ZH— k= 0'15t8.g4 (t8.43 t8.42) .
| Py +0.95 +0.68 +0.68\ _|
WH= F & 0.337 092 (Zopa —067)
Combination |-  F-e=4 +051 (+0.36 +0.36) —
0.217 520 (Zo38 “036)
1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 2 4 6 8 10
Best fit u=o/c_ for m =125 GeV
SM
T | T T T | T T T | T T T | T T T |
— — Tot. -
Stat. Tot. ( Stat. Syst.)
A 92+0.90 [ +0.64 +0.63
2 lepton —=—e—H 0.247 yas (Tos8 “0'e0) —
0.94 0.67 +0.67
1lepton = F—e—H 0.257 e (Zo64 —067)
+0.73 +0.59 +0.44
Olepton -  K—e—A 0.47" 0.69 (* 0B . 0.49 ) —
e +051 (+0.36 +0.36) _|
Combination ko4 0217 20 (To38 “o3s)
1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 2 4 6 8 10

Best fit u=o/c_ for m =125 GeV
SM

Hannah Herde (Brandeis)

WIN2017: 125 GeV Higgs Cross sections & Couplings at ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-091/

12.6 fo!

Search for VBF H—=bb

Background

* Signature: 2 b-jets, 2 high-energy forward jets (VBF), high-pt ¥
e triggerony
» gluon-induced component of bbyjj bkg naturally suppressed
« Destructive interference suppresses central y emission by bkg processes

* Selected events passed to BDT to further separate signal and non-
resonant multi-jet background

* non-resonant QCD = dominant bkg
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12.6 fb-

B
Search for VBF H—=bb: Results

> """"""""""""""""""" > 200 """""""""""""" ] > FrrrrrrTrTrTrTrTTT T T T T T T T T T T T T
—e— Data —e— Data —e— Data

8 180 ATLAS Prellmlnary T VBF H(125) 4y x 10_ 8 180_ATLAS Prellmlnary T VBF H(125) 4 1 x 10 8 70E- ATLAS Prellmlnary T VBF H(125) 4 1 x 10_

o F{s=13TeV, 126 fb” -§+Y§S\?va)) : o s=13TeV, 126 fb" -§+YE(E)\?V% ] o _\E 13 TeV, 12.6 fb” -gwES\?V% ]

T 160 + 4 = Y 1 = Y

> Low BDT NonRes Bkgd 13 160__ Mid BDT NonRes Bkgd 3 3 6o High BDT NonRes Bkgd

= 140:— —— Uncertainty — T 1 40F —— Uncertainty = e - —— Uncertainty

9 ¢ T -

w L L

120}*
1oo¥

120:—+ —

i
I

+
10E H+ -#E
50 100 150 200 250 300 350 m;dFGeC]SO 250 ?T?b?, [Ge\%so "~ T60 8000 20 140 160 180 200 rTffbébo[ é;i{)/]
Result H(=bb)+7jJ % Signal strength u extracted
Expected significance 0.4 with profile likelihood fit to mMep
Expected p-value 0.4
Observed p-value 0.9 spectrum
Expected limit 6.0 22 _
Observed limit 4.0 * Largest systematics from
Observed signal strength ¢ =3.9 *3-2 background analysis with BDT
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summary

Inclusive
+1.27 | +1 26 +0.22
___________________________________________________________________________________ 9 023105“025099“‘085020
* OggF+bbH+ttH® A OvBF® & OvH® & 5 Ofig**
HoZ227248 | 18004 pb =0.37°95pb =0"%"pb  —  =3.62%981b
. nm(o-gg) 95%  MRNim(o® 2),95%
H=>WW*= vlv — cL=30pb CL—33pb§ — —
= Observed S|gn|f
Search: Observed signif.
______________ VHiobb | =040 B
Search VBF - lim(ce),95% | |
- — . CL =4xSM | — g — g —
H—bb expectation
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Hannah Herde (Brandeis)

summary

EXPERIMENT exceed Run | sensitivity to Higgs

Run Number: 324320, Event Number: 4790558 processes

Date; 2017-05-23 16:51:50 CE!

* 13 TeV fiducial, differential cross
sections and coupling
measurements support SM
across multiple channels

Bl % 2017 LHC season just started!
-' Stay tuned!
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New for Run |

Additional chambers
boost muon
spectrometer coverage

Muon
Spectrometer

.
Neutrind

Calorimeter

ook W #  More scintillators boost

calorimeter coverage

( Neutron| / '." The dashed tracks

: Y 2 are invisible to
—— \ : b the detector
Electromagnetic ! o

Calorimeter _ *Electrons’
Photonia g

Solenoid magnet

- {Ed New pixel layer 3.3 cm
racking e

Tracker

Pixel/SCT

detector ; »: '.“,' frO m b ea m | i n e
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13.3 fb1

H—yy Event Selection

diphoton baseline VBEF enhanced single lepton
Photons In] < 1.37 or 1.52 < |n| < 2.37
prt >0.35m., and pf > 0.25m.,
Jets - pr > 30GeV | |y| < 44 -
- mg; > 400 GeV, ‘ijj| > 2.8 -
- APy 551 > 2.6 -
Leptons - - pr > 15 GeV
In| <247
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13.3 fb-

ATLAS
Preliminary

EM energy resolution
ggH pert. QCD

v id efficiency
luminosity
BR(H—yy)

ggH Pdf

ggH jet bin (2))

bkg ggH fwd Iow-pTt
ggH jet bin (2j— 3j)
EM energy scale
JES flavour comp.

y track iso eff.

Hannah Herde (Brandeis)

H—YY Pulls

A,
03 02 -0.1 O 0.1 02 03 04

//// i

77

M:“

Prefit Impact ongi
my = 125.09 GeV

7/ Postfit Impact ongi

0.5 1 1.5
(6 -6,)/A6

-1 -0.5 0

ATLAS
Preliminary

EM energy resolution
ggH jet bin (2j— 3))
y id efficiency

JES flavour comp.
luminosity
BR(H—vy)

ggH jet bin (2j)

JES eta intercalib.
EM energy scale
Largest JES in-situ
qgH Pdf

ggH pert. QCD

-0.3

. G
Vs=13TeV, 13.3 fb'

Pull’

MVBF Prefit Impact ongi
| lmH - 12|5'09 GeV 777 Postfit Impact onji
-15 -1 -05 0 0.5 1 1.5
(6 -6,)/A0
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H—YyY: Differential cross sections

13.3 fo!

vyl
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S (Herys=18TeV, 1331 VB vy 1 o 1.B8FH—yy, Vs=13TeV, 13.31b" Kogor =110 .
5 To A =VBE+ VA + 1 =L - -+ XH=VBF + VH + ttH |
= 1 Q. ,
S 40 | S - anti k, R =0.4, N, =0
ge)
, $ _
L 4
20} . :
I * + 0.5 1 -
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S S
-G e
3 2 | 3
s ! , o | |
g : | % |
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13.3 fo!

ATLAS-CONF-2016-067

H—YyY: Differential cross sections

nmj;
; _I|||||||||||||||||||||||||||||||||||||||||||||||_
S 4-ATLAS Preliminary my = 125.09 GeV
BO'O | ¢ data, tot. unc. [] syst. unc. = 9g9—H NNLOPS + XH|
= [ H-yy,(s=13TeV, 133 fb" Kgg—n=1.10
s I - -+ XH =VBF + VH + ttH ]
20.03F anti k, R = 0.4, p_>30 GeV
e, T ]
)
©
0.02r- |
0.01+- .

---------- *

C ... ®

I P T D D P etk S e il
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o
o L
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o
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© I |
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900 1000
m; [GeV]

0 600 700 800

dO'ﬁd / dA¢jj [fb]

data / prediction

- ATLAS Preliminary

[ -¢- data, tot. unc. [] syst. unc.
(H—yy,{s=13TeV, 13.3fb"

m,, = 125.09 GeV
== gg—H NNLOPS + XH
Kggory=1.10 .
-+ XH = VBF + VH + ttH
anti k, R =0.4, [ 30 GeV|
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13.3 fo!

H—YY event categories

" ggH B VBF WH [JzH PBtH [JobH tHjb tWH

ATLAS Simulation Preliminary H—yy Vs=13 TeV

ttH leptonic
ttH hadronic
VH dileptons

VH leptonic

VH MET

VH hadronic tight
VH hadronic loose
VBF tight

VBF loose

ggH fwd high-pTt
ggH fwd Iow-pTt

ggH central high—pTt

ggH central Iow—pTt

*13 Categories 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fraction of each signal process per category

e enriched in production mode
* based on S/B and resolution

* Measure simplified template cross sections, total production mode cross sections, corresponding
signal strength
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13.3 fb!

ATLAS-CONF-2016-067

H—YY: Inclusive signal strength

-2AIn(L)

LA IR B
ATLAS Preliminary-
H—yy, m =125.09 GeV

\s=13TeV, 13.3fb" -

1 12 14 16 18 2 2.

= oL

ATLAS
Preliminary

EM energy resolution
ggH pert. QCD

v id efficiency
luminosity
BR(H—yv)

ggH Pdf

ggH jet bin (2j)

bkg ggH fwd Iow-pTt
ggH jet bin (2j— 3j)
EM energy scale
JES flavour comp.

vy track iso eff.

A,

-03 02 01 O 01 02 03 04

2.

7.
4 “
77 .
; Z% :
u Vs =13 TeV, 13.3 5" Pull .
Prefit Impact onu
| my, = 1| 25.09 GeV v, Postfit Impact onji
-1 -0.5 0 0.5 1 1.5
(6 -6,)/A6
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36.1/14.8 b ATLAS-CONF-2017-032, ATLAS-CONF-2016-079

H— 4/ Event Selection

Leptons and Jets requirements

ELECTRONS
Loose Likelihood quality electrons with hit in innermost layer, Er > 7GeV and |n| < 2.47
MUuoONs
Loose identification |n| < 2.7
Calo-tagged muons with pp > 15 GeV and |n| < 0.1
Combined, stand-alone (with ID hits if available) and segment tagged muons with pt > 5 GeV
JETS
anti-k; jets with pr > 30GeV, |n| < 4.5 and passing pile-up jet rejection requirements

Event Selection

QUADRUPLET  Require at least one quadruplet of leptons consisting of two pairs of same flavour
SELECTION opposite-charge leptons fulfilling the following requirements:
pt thresholds for three leading leptons in the quadruplet - 20,15 and 10GeV
Maximum of one calo-tagged or standalone muon per quadruplet
Select best quadruplet to be the one with the (sub)leading dilepton mass
(second) closest the Z mass
Leading dilepton mass requirement: 50 GeV < mqs < 106 GeV
Sub-leading dilepton mass requirement: 12 < mgy < 115GeV
Remove quadruplet if alternative same-flavour opposite-charge dilepton gives my; < 5 GeV
AR(¢,¢") > 0.10 (0.20) for all same(different)-flavour leptons in the quadruplet
[SOLATION Contribution from the other leptons of the quadruplet is subtracted
Muon track isolation (AR < 0.30): Xprt/pr < 0.15
Muon calorimeter isolation (AR = 0.20): X Er/pr < 0.30
Electron track isolation (AR < 0.20) : XEr/Et < 0.15
Electron calorimeter isolation (AR = 0.20) : ¥ Erp/Er < 0.20
IMPACT Apply impact parameter significance cut to all leptons of the quadruplet.
PARAMETER  For electrons : |dy/o4,| <5
SIGNIFICANCE  For muons : |dy/04,| < 3
VERTEX Require a common vertex for the leptons
SELECTION x?/ndof < 6 for 4p and < 9 for others.
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36.1 b ATLAS-CONF-2017-032

H—4£: Differential cross sections
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H—4L2: Double differential cross sections
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H—=>WW*—=Lvlv Selection

* Concentrate on VBF, WH production modes — event topology distinguishes
from background

* Selection designed to suppress backgrounds (Top, V|, WW, Z—=1T, ggF, VV)
* Opposite flavour leptons to reject Drell-Yan continuum production

e Tight lepton ID and isolation

e D-jet veto to reject top quark processes

VBF Criteria WH Critera
Exactly 1 e and 1 y, Opposite charge pair 3 isolated leptons with EtMiss>50 GeV

Explicit Z—= 1T veto Total charge xe
Nje’[822 Njetsg1
No b-jets / veto
BDT
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H—=>WW*—=Lvlv Selection

Signal region Z — 1717 CR Top-quark CR

Two isolated leptons (£ =e, 1) with opposite charge
Preselection pead > 25GeV (piead > 22GeV for muons in 2015), piPlead > 15GeV
myee > 10GeV, ]Vjet > 2
Np_jet =0 Np_jet =0 Npjer =1

A BDT is trained at this level.
tot centrality

Eight discriminant variables are used: A¢g, myer, mr, Ayjj, mjj, pr, Z&j myej, and 7,

Selection m.. < 66.2GeV |mrr — my| < 25GeV —
— mep < 80GeV —
OLV applied, CJV applied, BDT > —0.8
SR1: —0.8 < BDT < 0.7 — —
SR2: 0.7 < BDT <1 — —

Category Z-dominated SR Z-depleted SR
> 1 SFOS pair no SFOS pair
Three isolated leptons (pr >15 GeV)
Preselection total charge = +1

> 1 lepton matches to the trigger

Background Rejection Niet <1, Npjer =0
Emiss > 50 GeV -
Mg+ - —myz| > 25 GeV Z/~v* — ee veto
mys < 200 GeV
myty- > 12 GeV myt,- > 6 GeV
H— WW?*— fvlv topology ARy, < 2.0
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H->WW*—=£vLv: Observed signal strength and
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13.2-13.3 b

Combined search: ttH production

H — vy H— WW,r1,Z2Z) H — bb
Analysis Narrow signal peak: Small signal and background: Moderate signal in large background:
strategy fit to diphoton mass counting experiment multivariate techniques

spectrum (1M~ )

Channels leptonic hadronic 24SS 3¢ 20SS+1Thaa 4/ single lepton dilepton
Control - - (4j,2bj) (5j,2bj) (3j,2bj)
regions (4j,3bj) (4j,4bj) (4j,2bj)
(> 6j,2bj) (5§,3bj)
Signal My (ce) (ep) (up) | (30> 2bj | (>4j,> 1bj) | (> 2§,> 1bj) (5),> 4bj) (3j,3bj)
regions AND OR (> 6j,3bj) (> 4j,3bj)
(= 5j,> 1bj) > 4j,> 1bj) (> 6j,> 4bj) (= 4j,> 4bj)
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13.2-13.3 fb-?

Combined search: ttH production

L L '
ATLAS Preliminary s=13 TeV, 13.2-13.3 fb"
—totEaI | stat. (tot. ) (stat., syst.)
_ ttH(H— |——— +1.2 +1.2  +0.2
Diohoton (13 TeV 1(3.3 fbm;) 03 L5 (b 22 )
Multilepton KErCEres | e g5 13 (407 1
(13 TeV 13.2fb™) ' | |
— —_ tfH(H%bE) [ —— 2.1 1-1.0 ( f0.5, to.g )
ttH(H—bb) (13TeV 132 15") 5 0.9 05 0.7
. . 0.7 0.4 +0.6
Combo tH %%f}‘g\'/?at'on H-0-+ 1.8 to.7 ( :Lo.4 , J—ro.s )
ttH combination I T 1.7 fg'g ( fgg, fg'g )
(7-8TeV, 45-203fb™")| , | | | N e
0 2 4 6 8 10
best fit u_ for m =125 GeV
ttH
. Expected Significance Run Il observed

significance = 2.80
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Search for H—=pp

> 10955"'I""I""I""I""I""I""I """" I"'%E . ]
O 1Pk~ ATLASPrelimnary ~ +Data —ggF X Very small_predlcted production
?@ 107; {s=13 TeV, 36.1 fb" |:|DreII-Yan — VBF ; Cross SeC“On
o o E [ Top —VH 3
w 10" = : =
= ] Diboson = .
10° = % Measure coupling to second-
10° generation fermions
10°
1100 * Clean signal expected, some
1 backgrounds (Drell-Yan)
10
‘é 1.4 — :
§ % Upper limit, given mu  Observed Expected

=125 GeV, 95% C.L (X osm) (x osm)

0.6
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m,, [GeV]

o @ 13 TeV

o B combined
with 7-8 TeV
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