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Di-Higgs Searches

Di-Higgs production is an allowed, rare process in the SM - 33 fb at 13

TeV.

@ Standard Model
» Destructive interference K
» Opportunity to probe the
Higgs trilinear coupling \1/b v
directly.
@ Beyond Standard Model 8 666660t
» Non-resonant enhancement K,
in many BSM models.
» Modifications to 8 GO0 o H
KX = AHHH/Asm- K K
@ Very interesting place to H
i [ he Hi r.
investigate the Higgs secto 8 ECEEEET

Y

A
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Di-Higgs Final States

@ Rich
Larger Br-H T T T 1
phenomenology. e pp .

@ ATLAS & CMS WW TR 10
have dedicated 99 7| <102
analysis for each o 7% 74100
sensitive final b e 10
state. 77 = 05

@ Most sensitive v [3e3 = 108
usually have high 7 [

i i ! 107
branching ratio me
1 L L 1 1 -8
and/or low bb WW 99 0 cC zz v zy W o 0
backgrounds.

@ Will be focusing on recent results with 36 fo—' of 13 TeV data.
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-10-24 04:00 UTC

@ Di-Higgs Searches

_. 100 = 2010, 7 TeV, 45.0 pb ' 00
a — 2011, 7 TeV, 6.1 1 “
o HH-— bb bb i S e .
o HH— 7 bb £ R .
£
o H
o HH— WW™* bb 5
g 20 20
[e] § '—’/
L —— 50
@ Conclusions & Outlook S 3T 3 e o o
Date (UTC)
— 80F T T T T
2 70; ATLAS Online Luminosity E
, N E
@ ATLAS also has searches in £ 600 —un iy ]
* 3 50— — 2018 pp {5 =13 TeV |
the vy WW T
[arXiv:1807.08567] and g %0

WW*WW* channels =
[arXiv:1811.11028].
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https://arxiv.org/abs/1807.08567
https://arxiv.org/abs/1811.11028

Di-Higgs searches in the 4b final state

— > arXiv: .
ATLAS HH—bbbb - 36 b Xiv:1804.06174

Non-resonant search uses
‘resolved’ channel:

ATLAS Simulation Preliminary 60000 %
Vs=13TeV, 36.1 fb”
Dijet

@ Construct two Higgs boson
candidates from the 4 jets
identified most probably to
contain a b-hadron.

@ Two-b-jet triggers used.

@ Dominant background is e
multijet events, estimated by a

GeV?

el

mEb! [GeV]

Events /2

. 0.06Farias | —o— 4 b-j >
data-driven method e PO
» Shape estimated by a region I S I
with fewer b-tagged jets. F e X<16
— . . . 0-03: ] Xy > 1.5
@ {t and multijet normalisation 0025~ Trigger
determined simultaneously Y S
from 3 enriched data samples.

OsmHH
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https://arxiv.org/pdf/1804.06174.pdf

Run Number: 311287
ATLAS Event Number: 518319772
EXPERIMENT Date: 2016-10-23 07:05:27 CEST

A candidate resolved 4b event in 2016
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ATLAS HH—bbbb - 36 fb [arXiv:1804.06174]

@ Limit on SM non-resonant

107 T T T T T

> 107E E|
di-Higgs production stronger & vk 4TS, ... i +
L. = L Resolved Signal Region, 2016 [ Hadronie 3]
than expected, due to deficit 2 F B Servponct
about myy, ~ 400 GeV. L I S 3
@ Dominant uncertainty in the o S s
data-driven background oF 1
normalisation and shape. N3 -3

@ Observed (exp.) 95% CL R
upper limit o(pp—HH—bbbb) g " T :
< 147 (234) fb. opplo S} limits: © R ww e e

Observed —20 —lo Expected +1lo 420
13.0 11.1 149 20.7 30.0 435

Observed —20 —1lo Expected +1loc +20
147 126 169 234 339 492
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https://arxiv.org/pdf/1804.06174.pdf

CMS Non-resonant Search for 4b [arXiv:1810.11854]

@ Final state of 4 identified
b-jets.

@ B-jet identification and jet
substructure techniques.

@ Train BDT on jet, HH-decay
kinematic and global event
variables.

@ Background model created by
hemisphere mixing technique
applied to signal region
events, validated in data
control regions.
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https://arxiv.org/pdf/1810.11854.pdf

CMS Non-resonant Search for 4b [arXiv:1810.11854]

@ Two component fits to the
binned BDT discriminant yield
an upper limit on signal events
and HH cross-section.

35.9fb" (13 TeV)
@ 10T T T T T T T
§ ECMS ~ bata :
w r HH - bbbbSM |
£= Mixed data E
Total unc.

@ Dominant systematics are g
those on the shape (30%) and
normalisation (8.6%) of the :
background model.

@ BDT discriminant values > 0.2
used for limit setting.

° Observed (EXp.) 950/0 CL O.E 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
upper limit opp/ogM = 75 (37). BOT output
Cross-section limits (fb):

Normalized residuals

Category Observed Expected -2s.d. -1sd. +1sd. +2s.d.
SMHH — bbbb 847 419 221 297 601 834
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https://arxiv.org/pdf/1810.11854.pdf

Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

@ Select final states with an e/ and
hadronically-decaying 7 candidate
(Thag) OF tWo 71,44 candidates, in
association with two b-jets and
Emiss_

u

» Yields two search
channels(T,epThad and ThadThad)
with several discriminating
kinematic variables.

> TiepThad fUrther split by trigger:
single lepton / lepton + 7.

» Dominant backgrounds: tt and
Z+hf constrained at low BDT
score and by enriched control
regions.

» BDT distributions in the 3 signal
regions are fit.

James Frost (University of Oxford)

Events / 75 GeV

Data/Pred.

E T T T T T T
E ATLAS 4 om
10¢L- 13 Tev, 361 0" - ﬁ:p:::’kzoo
E Tradfha 2 b-tags jet = 1,,, fakes (Muli-jets) =
= Z - tx +(bbjbe,cc)
10°E jet - 1,_, fakes (ti)
E I Other
F SM Higgs
10° £ Uncertainty
E T e Pre-fit background
= G, ¢
0 S,
: iy
1= S |
§ el
107
E L Il 1 1
e
of T
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
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Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

Events / Bin

T

%

E T
ATLAS

13TeV,36.1 10"

Thadthag 2 1208

T T
¢ Data

— NR HH at exp limit

Top-quark

jet — 1, fakes (Multi-jets)
Z — 11 +(bb,be,cc)
jet — 1., fakes (tf)

I Other
SM Higgs
Uncertainty

g
‘.\\\\Q\\\A\\\;\\\.\’\\\\;\\\b*\ N %
002 00 0e 8 08206-04-02 0
BDT score
Observed  —lo  Expected +1o
o(HH — bbrT) [fb] 57 49.9 69 96
o/osu 23.5 20.5 28.4 39.5
o(HH — bbr) [fb] 40.0 30.6 42.4 59
o/osm 16.4 12.5 17.4 24.2
Combimation OHH = Bbrr) B] 309 26.0 36.1 50
OMBPIANON 12.7 10.7 14.8 20.6
iversity of Oxford) Friday 30th Novei
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801

CMS Search for HH—bbrr  [PLB 778(2018)101]

@ Select events with 1+ isolated . CMS S L MEAL
. S 10 g—resolved 2b 11, ¢ Data
Thad With a second lepton of g | chamel I
. O, 102 ultije
opposite charge (e/u or Thaqg)- ~f Drelivan
) . £ 10F er bkg.
@ Categorise according to 1/2 > f B e e
b-jets. R B e
@ Boosted category for events -
with a Higgs-bb jet candidate.
107
@ BDT discriminant trained on 1o O
kinematic variables used to . l
- . 10
reduce the tf background in i NI
. . U 50 100 150 200 250 300 350 400 450 500
the semi-leptonic channel. m., [GeV]
T2

@ Z/~*+jets and multijet processes estimated with control regions.

@ My, used for signal-background separation - bounded by the top
mass for tt processes.

@ Observed (Expected) 95% CL upper limit O'HH/O'HH = 30(25).
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http://dx.doi.org/10.1016/j.physletb.2018.01.001

Di-Higgs searches in vybb - CMS [arXiv:1806.00408]

@ Perform a 2D fit of the diphoton
and di(b)jet invariant mass
distributions.

@ Estimate the ny+jet continuum
from the mass sidebands.

@ Single Higgs production
contributes to the background.

@ Further event classification
according to the HH pair reduced
mass, and the purity.

@ Signal purity estimated by a BDT
using jet b-tagging scores, the HH
system helicity angles and H
candidate pr.

James Frost (University of Oxford)
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http://arxiv.org/pdf/1806.00408

CMS Search in v~bb

@ High-mass, high purity

category dominates for SM
non-resonant production.

Analysis is statistically limited -

largest systematic from signal
shape functional form.

Observed (expected) 95% CL
upper limit o(pp—HH— wybb)

<2.0fb (1.6 fb), 24 (19)x oM.
@ 95% CL limits on coupling:

—11 < k) < 17.

James Frost (University of Oxford)

[arXiv:1806.00408]

CMS
18, T T T

35.9fb7 (13 TeV)

F 5% CL upper limits
16 F~ — Ovserved
14 - Expected

E Expected + 1 std. dev.
12p=

Expected + 2 std. dev.

pp—>HH-Yybb ]

Cg=Cpq=Cp=0

K= 1]
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http://arxiv.org/pdf/1806.00408

ATLAS Di-Higgs search in bby~ [JHEP 11(2018)040]

@ Select events with 2 isolated

@ The diphoton mass spectrum

LI L B Iy B

E ATLAS +' Data ]
photons and two jets withan & vE=tsTovsain el S
invariant mass compatible with g 2%°[ 0>t tettslecton o, [ ]
my and at least one b-tag. @ T oversuv

Data-driven yj

Data-driven jy

Categorise according to the
number of b-tagged jets.

Kinematic selection further
optimised for SM non-resonant
HH production; second looser
selection for non-SM

H P T T T T T (T A arary
couplings. 010 120 130 140 150 160
myy [GeV]

IR TR B

——

is fit.

(Control region used for fit function optimisation)
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https://link.springer.com/article/10.1007/JHEP11(2018)040

ATLAS Di-Higgs search in bby~ [JHEP 11(2018)040]

@ Good agreement between the data

and the background expectation.

@ Best-fit Higgs boson pair
cross-section consistent with zero in
loosef/tight selection.

Observed Expected —1lo +lo
Ogg— i [Pb] 0.73 0.93 0.66 1.4
As a multiple of ogy 22 28 20 40

@ 95% CL limits on coupling:
—8.2 < k) < 13.2, in line with

expectation.

James Frost (University of Oxford)

Events / 2.5 GeV

o(gg — HH) [pb]

T
20[~- ATLAS
 V§=13TeV,36.1 fo!

[ 1b-tag, tight selection

BEREEEEEEE
¢ Data -
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E ATLAS —— Observed limit
35F _ 1 ---- Expectedimit
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https://link.springer.com/article/10.1007/JHEP11(2018)040

Di-Higgs Searches for bbWW

CMS search in the bblvlv final state [JHEPO01(2018)054]

@ Covers HH—bbWW—bb/vlv
and HH—bbZZ—bb/viv

” CMS 35.9 fb (13 TeV)
processes. § T o o
o L : ignal (5 pl : rell-Yan
@ Large irreducible background e =i e
from tt and Drell-Yan E | st oss
processes . 800 ; m, <75 GeV 75 <m, < 140 GeV " m; 2140 GeV
600 [— 4
@ Deep Neural Network used to : ; L
. . A . . 400~ begatatatonsse f, 4
aid discrimination of signal e : b,
against background. E
@ No significant excess over g i ; i
background prediction. 5 o %»w*n**ﬁé*“**ﬁ gttt g o 8 4
06E ! I i I

@ Observed (exp.) 95% CL w1 e
upper limit U(pp—>HH—>bb/y/y) output at x, = ;= 1 (SM), m, bins
< 72 (81) fb, 79x (89x) oM.
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http://dx.doi.org/10.1007/JHEP01(2018)054

ATLAS WWhbb search for bblvgqg [arXiv:1811

@ First ATLAS look at 1-lepton final

.04671]

state. o i
@ Select events passing e/ 2 j"q,,
. . . Ye) Ho-&
triggers, with two b-tagged jets, ? x e < )
construct W boson candidate from S § .
untagged jets, reconstruct Wiep; o .
with |+E7"SS, P SR
E ATLAS e~ Data

E Vs=13TeV,36.11b"
E- HH - bBWW" — bbivaq
E -resonant

@ Further kinematic requirements
suppress tt; constraints from data

Events/20 GeV
@
o

— HH SM x 300

. 25E- \\\ N :E
control regions. 20f- E
@ Observed 95% CL upper limit i3 3
o(pp—HH—bblrqq) < 2.5 pb, ¥ o | =
~ 300xo5M, (same exp. limit) °’m et

@ Coupling limit: —11 <k < 17 at 0RO T80 200 20”309 380 0

95% CL.
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https://arxiv.org/pdf/1811.04671

ATLAS Search in WW*WW~*  [arXiv:1811.11028]

@ Search for final states oo B @2

2wl ‘ E
with 2 SS, 3 or 4 g P - E
|eptons :Zz’ »H- 2leptons | 3leptons o, 4leptons o, :i

@ Z veto applied in |
2-,3-lepton selection. . — . A :
@ Irreducible EW e S [ R
backgrounds dominate.  © e e T

@ Non-prompt backgrouds estimated from ‘anti-tight’ selections.
@ No significant excess observed.

Observed Expected limit on o/ogy
limit on 0/ogyy Median  +20 +lo —1lo —20
2 leptons 170 150 290 210 100 78
3 leptons 420 270 690 420 200 150
4 leptons 340 400 880 590 290 210
Combined 160 120 230 170 83 62
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http://arxiv.org/abs/1811.11028

Combining di-Higgs Results

ATLAS & CMS CMS-PAS-HIG-17-030 ATLAS-CONF-2018-043

@ ATLAS and CMS have both
recently combined their most
sensitive di-Higgs channels.

» ATLAS: bbbb, bbrr, bby~

» CMS: bbv”y, bbTT, bbbb, . CMS preliminary gg—HH 359 b (13 TeV)
bbWW Qe ae-S
@ SM Higgs boson decay Sommauacy
branching fractions are we |
assumed foressite Hipwry B
bbyy
CMS Combination mms e
. " N Combine bserved
@ Observed upper limit slightly — &£525% =

Weaker than expectatlon, due 678910 20 30 40 506070 1gge/°CL20(:106Hii(/Jg§u0
to upward data fluctuations.

@ Combined observed (exp)
upper I|m|t 22.22 (12.8) UHH


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-030/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-043/

Towards the Higgs Coupling

CMS combinations CMS-PAS-HIG-17-030

35.9 b (13 TeV)

@ Dominant systematics CMS preliminary
inherited from the channels: '
~ 10% (bbbb, bbr7), ~ 5%
(bby7).

@ Exclusion limits primarily
follow the HH production
cross-section (e.g. larger c-s ; :
for ky < 0, SO stronger limit). S o e

3000

2500

2000

@
<]
3

95% CL limit on o(pp—HH) [fb]

@ Minimum at maximal destructive interference between the two
diagrams.

@ Weaker limits where the myy spectrum is softer.

@ 95% CL observed (expected) limit on x): —11.8 < k) < 18.8
(—7.1 < k)< 13.6)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-030/index.html

Towards the Higgs Coupling

ATLAS combinations ATLAS-CONF-2018-043

@ All other couplings set to SM values. | Araspimeay g |
® HH —bbrr BDT trained on ) = 20 T e
for sensitivity across « . wows| 1
@ HH —bb~~, less stringent selection e
used to keep sensitivity to lower o }
pH/ggs at high x. Combined + e

0 1 20
95% CL upper limit on 6, (pp — HH) normalized (o 65”:

@ For each &, value, the kinematic

S,
R

distributions, signal acceptances and =,
10 bh” (exp.) Expected +20 (Combined)

e bbyy (obs) s Theory prediction 4

the myy spectrum are computed.

Search channel Allowed ry interval at 95% CL
obs. exp. exp. stat. [
HH — bbbb -10.9 - 201 | -116 - 187 | —99 - 164 107 ATLAS Preliminary E
HH = bbrtr™ | 73 157 | —88 167 | —7.8 15.4 [ o,
HH — bbyy -81 - 132| -82 - 132 | -77 - 127 f
Combination —5.0 121 -538 120 | —5.2 114 L - T N [V B R

95% CL upper limit on Ogor (pp — HH) [pb]

%5, = Mg/ Aoy

James Frost (University of Oxford) Friday 30th November 2018 21/35


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-043/

Conclusions and Outlook

@ The LHC and the ATLAS and CMS
experiments are performing very well
during LHC Run-2. e

@ Wide range of results available using £ "70
13 TeV data from 2015 & 2016.

[ [JATLAS Recorded ""scs:140™
? [[JGood for Physics
@ The di-Higgs programs at ATLAS and
CMS are very active across a broad
range of final states. F
ABN\WE 18 (\1e "\73\1\"\1 B (18

@ Not sensitive to SM production yet, e enihin Year
but limits from combinations
increasingly stringent.

@ Much to come in the future, Run-3 and HL-LHC

» ATLAS and CMS now have ~ 150 fb~" of data recorded from LHC
Run-2.

» Many powerful 13 TeV results to come!

=
2160
s {s=13Tev

Total Integrated Lumin
2 ® o »
$.8.8

a
S
T

n
o o
TT
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BACKUP SLIDES
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Signal Acceptance with k, ATLAS-CONF-2018-04

SRR =
&t ATLAS Simulation Preliminary 13
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8 18r 8
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g f 3
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08

066t Lo T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-043/

ATLAS HH—bbbb - 36 fb [arXiv:1804.06174]

Varying s

> T T T T > 107 ET T T T T
] ATLAS Preliminary ¢ Data 8 E ATLAS Preliminary ¢ Data
8 \s=13TeV,27.5fb" [ Muttjet 8 \s=13TeV,27.5fb" [ Multiet
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£ Resolved Signal Region, 201542016 [ Semi-leptonic t 2 10° = Resolved Signal Region, 201542016 [ Semi-leptonic i
2 NN Stat+Syst Uncertainty 3 N Stat+Syst Uncertainty
— - NR HH x,=-5 (x 95)
=== NRHH K,=1 (x 1291)
== NRHHK,=10 (x98) =
22} N
5 0o [tr= ~—r o _—1 NR HH normalized to 0xBR _—|
001 |
—— 1 s oo
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CMS Non-resonant Search for 4b [arXiv:1810.11854]

104 35.9 fb~! (13 TeV)
35.91b" (13 TeV LR RS AR AR LA SRS AR
@8 10°E T T T { T g) r CMS
s F CMS - Data 3 F
w T S5 HH > bbbbSM 7| [
10t = Mixed data E
= Total unc. 3 3
r b 10
10° = =
F 1z
" 2
E =]
| 4 ]
T 2
o 10
)
l_ —— Prediction x,=1
@ &
G O4E" + (Data- background)  background | € L
D 08F- 55 (44 - bBOE signa background 95% CL upper limits
8 02F Total uncertainty i 10t |- Observed |
5 E e
% ot A AR IR F -+- Median expected
E oiE ‘ 4 r 95% expected
g [
Z 02F | mmm 68% expected
0 03 0.4 05 06 07 08 0.9 1
BDT output 00 b b e e e

-20 -15 -10 -5 0 5 10 15 20
K
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https://arxiv.org/pdf/1810.11854.pdf

Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

Varying s

Events / Bin

©
o
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s
©
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es Frost (University of Oxford)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801

Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

BDT variables

TiepThad channel TlepThad channel
ThadThad Channel
(SLT resonant)  (SLT non-resonant & LTT) 'had’had =€

mgy v v
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w
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801

Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

Yields

Moy Thag Channel
lep Thad Thad Thad channel

(SLT) (LTT)

tt 182 4+42 23241.7 45+ 14
Single top 6.4+ 1.3 3.7+1.2 1.06 + 0.57
Multi-jet fake-7y,,q4 - - 3.89 + 0.87
tt fake-7y,,4 - - 1.94 1.4
Fake-7,,4 12.0 £ 2.3 6.6 + 1.5 -

Z — 77 + (cc,be,bb) 102 £ 2.6 77T+ 31 12.6 + 3.6
Other 3.89 +£ 0.69 1.51 4+ 0.36 1.09 + 0.32
SM Higgs 1.94 £ 043 0.58 £ 0.14 1.54 + 0.41
Total Background 52.7 £ 4.5 39.5 +£ 3.0 26.7 & 3.5
Data 45 47 20

NR HH 0.49 £ 0.07 0.16 £+ 0.02 0.55 £ 0.10
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801

Di-Higgs Search to 77bb - ATLAS [PRL 121 191801]

Systematics

Source Uncertainty (%)
Total + 54
Data statistics + 44
Simulation statistics + 16

Experimental Uncertainties

Luminosity + 24
Pileup reweighting + 1.7
Thad :l: 16
Fake-7 estimation + 84
b-tagging + 8.3
Jets and B + 33
Electron and muon + 0.5

Theoretical and Modeling Uncertainties

Top + 17
Signal + 9.3
Z =TT + 6.8
SM Higgs + 29
Other backgrounds + 0.3
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801

CMS Search for HH—bbrr  [PLB 778(2018)101]

Systematic uncertainty Value Processes

Luminosity 2.5% all but multijet, Z/y* — ¢
Lepton trigger and reconstruction 2-6% all but multijet

T energy scale 3-10% all but multijet

Jet energy scale 2-4% all but multijet

b tag efficiency 2-6% all but multijet
Background cross section 1-10% all but multijet, Z/y* — ¢
Z/v* — €€ SF uncertainty 0.1-2.5% Z/v =

Multijet normalization 5-30% multijet

Scale unc. +4.3%/—6.0% signals

Theory unc. 5.9% signals
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http://dx.doi.org/10.1016/j.physletb.2018.01.001

ATLAS Di-Higgs search in bby~ [JHEP 11(2018)040]

% effect relative to nominal in the 2-tag (1-tag) category

Source of systematic uncertainty . . o
h ‘ Non-resonant analysis Resonant analysis: BSM HH

SM HH signal  Single-H bkg  Loose selection Tight selection

Luminosity +21 (£21)  #21 (£ 21) #2101 (£21)  +21 (+21)
Trigger +04  (£04) +£04 (£ 04) 04 (£04) +04 (+0.4)
Pile-up modelling 4£32 (£1.3) 420 (£ 0.8) 4.0 (£4.2) +4.0 (£3.8)
identification 125 (£24) £17 (£ 1.8) £2.6 (£2.6) 25 (£25)
Photor isolation +0.8 (+£0.8) +0.8 (£ 0.8) 08 (+0.8) +0.9 (+0.9)
roton energy resolution - - +1.0 (£1.3)  £1.8 (+1.2)
energy scale - - +0.9 (£3.0) +0.9 (£2.4)
Jot energy resolution +1.5 (£2.2) +£29 (& 6.4) +£7.5 (£85) +6.4 (£6.4)
’ energy scale +2.9 (£2.7) £78 (£ 5.6) £3.0 (£3.3) £23 (£34)
bjets 124 (£25) 423 (£ 14) 34 (£2.6) 25 (j: 6)
Flavour tagging c-jets +0.1 (+1.0) +1.8 (£11.6) -
light-jets <01 (£50) £16 (& 2.2) - -
PDF+ag +2.3  (£2.3) 3.1 (£ 3.3) n/a n/a
o TN +4.3 (+4.3) 449 (+ 5.3) n/a n/a
Theory Scale —6.0 (=6.0) +7.0 (+ 8.0) n/a n/a
EFT +5.0 (£5.0) n/a n/a n/a
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https://link.springer.com/article/10.1007/JHEP11(2018)040

CMS Search in v~bb [arXiv:1806.00408]

CMS 35.91fb" (13 TeV,
= — 2

—
-+ Grav. m, =300 GeV Ml tiH(yY) 4 Data
-+ Rad. m, =600 GeV [l VH(yy)

E — 99— HH (x10%) 9gH(ry)

1My [GeV]

P VBFHH(xi0) Photons Jets
Variable Selection Variable Selection
pI! >ty /3 prlGeV] >25.

Py Shiyy /4 ARy >04
7] <25 [n] <24

[100,180] mj [GeV] [70,190]

-1 -0.5 0 0.5 1
Classification MVA

Mx

Analysis Region Classification MVA
High-mass HPC: MVA > 0.97
Nonresonant MPC: 0.6 < MVA <
HPC: MVA > 0.985
Low-mass

MPC: 0.6 < MVA < 0.985
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http://arxiv.org/pdf/1806.00408

CMS Search in v~bb [arXiv:1806.00408]

Sources of systematic uncertainties Type Value (%)
Integrated luminosity Normalization 25
Photon related uncertainties
Diphoton selection (with trigger uncertainties and PES) Normalization 20
Photon identification Normalization 1.0
PES (AL) Shape 05
PER (*T) Shape 5.0
Jet related uncertainties
Dijet selection (JES+JER) Normalization 0.5
JES (A,{—,Z") Shape 1.0
JER (52) Shape 50
Resonant analysis specific uncertainties
Mass window selection (JES+JER) Normalization 3.0
Classification MVA (HPC) Normalization 11-19
Classification MVA (MPC) Normalization 3-9
Nonresonant analysis specific uncertainties
My Classification Normalization 0.5
Classification MVA (HPC) Normalization 11-19
Classification MVA (MPC) Normalization 3-9
Theoretical uncertainties in the SM single-Higgs boson production
QCD missing orders (ggH, VBF H, VH, ttH) Normalization 0.4-5.8
PDF and ag uncertaintiesjggH, VBF H, VH, ttH) Normalization 1.6-3.6
Theoretical uncertainty bbH Normalization 20
Theoretical uncertainties in the SM HH boson production
QCD missing orders Normalization 4.3-6
PDF and as uncertainties Normalization 31
my effects Normalization 5

es Frost (University of Oxford) Friday 30th Nove!



http://arxiv.org/pdf/1806.00408

ATLAS Search in WIW*WW*

[arXiv:1811.11028]

Two-lepton selection

my  Chaunel AR ARe;  my [GeV] my ; [GeV]
e [0.20, 1.40] [0.20, 1.15]  [55,270]  [40, 285
Nowres.  pp 020, 105] [0.20,0.75]  [60,250]  [30, 310]
ep [0.20, 1.15]  [0.20,0.80]  [75,250]  [35, 350]

Three-lepton selection

my Variable Ngros =0 Ngpog = 1,2
ARy, [2.47,5.85]  [2.16, 3.50]
Non_tes. my,e, [GeV] [10, 70] [10, 70]
my,;; [GeV]  [50, 110] [50, 115]
me,; [GeV] (15, 50] [15, 45]

iversity of Oxford)

Four-lepton selection

Event selection in the four lepton channel

1 leptons with py > 10 GeV and 3¢, = 0

Trigger

Trigger matched lepton

plmstehed % 22,9597 GeV (depending on data period brigger)

i > 4 GeV (for all SFOS pairs)

Nywg =0

ey, > 10 GeV

Nsros = 0,1 selection

[y, —mzl > 5 GeV

My < 180 GeV | mye > 180 GeV

Nsros = 2 selection

mye, < T0 GeV, my ;> 110 GeV

mae > 180 GeV

mae < 180 GeV

Ay, < 2.6 rad

| M0, < 70 GeV, g, > 110 GeV
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