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Theory and Motivation

* Higgs boson discovered in 2012 h
e Last missing fundamental particle predicted g
by the SM

- Many studies performed since then but
important gestions remain open:

* Higgs self-coupling?
* New heavy resonanes?

|

No experimenetal observation yet, but could answer
some questions soon, as LHC provides more and more

datz (b) resonant
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Non-resonant production

* Self coupling is predicted by the Higgs
mechanism in the SM:

v (66t) = 2 (661) + A (661’
= ...— Avh® — IAR?

- Trilinear and quartic couplings
- Possibilites for double Higgs production
arise

* SM predicts small cross section

(G’hh(l?) TEV) = 33.45 fb)

e Destructive interference with box-diagram
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» Many observations cannot be explained
by the SM, e.g.:

e Dark Matter

* Gravity

e Baryon asymmetry

* lLarge corrections on Higgs mass

Standard model predicts trilinear coupling to be:

2
)\SM _ Bmh
hhh —

2

Many models assume a different coupling constant
- Alters the way both diagrams interfere
k - Changes di-Higgs production cross section )

f

Measurement of di-Higgs cross section allows for
direct inference of trilinear coupling (assuming no
further contribuitions)

14.07.2017
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—  Searches for new physics plays an important role
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Resonant production

» Many models predict heavier versions of the Higgs boson
» Models introducing two Higgs doublets known as 2HDM models

Example: Minimal Super Symmetric Model (MSSM)

* Introduces only the minimal amount of particles needed for a super symmetrical theory

Note:
e one Higgs boson cannot give masses to up- and down-type quarks simultaneously
* Two Higgs doublets necessary to cancel gauge anomalies

- Two Higgs doublets added, leading to five physical Higgs bosons:

* known SM Higgs h

* heavier CP-even neutral Higgs H g
* CP odd pseudoscalar A

* two charged H*

| | | ]

 MSSM could provide additional sources of CP violation Focus on heavy CP-even H decaying into two light h

* Provides promising candidate for Dark matter
e Solves hierarchy problem

14.07.2017 The University of Gottingen — An Introduction
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Why the hadronic yyWW?¥* decay channel?

Decay mode Branching ratio * vv Side Y, ¥
h — bb 57.8%
h— WWr 21.6 % .
h > g 8.6% v’ Clean signal
h— 77717 6.4 % :
h 200 v Well-known background
eid e X Small branching ratio "
p :__gn;_'( p
i « WWH* side h
Br(W — e, ) = 0.1046
.
B 7.y = 0.1 . . . '
t(W = u7) = 0.1050 v’ High branching ratio .
Br(W — 77,) = 0.1075 v" Full reconstruction possible "
Br(W — qq) = 0.6832 X Worse identification compared
to semileptonic channel
qqgqd

Overall branching ratio of hh 2 yyWw,_,W*, , is 0.044%

14.07.2017 The University of Gottingen



C GEORG-AUGUST-UNIVERSITAT . . .
( 1-, COTTINGEN ll. Physikalisches Institut
g

Boosted topology

W
w
h B
i WwW* *
W .
T
‘H‘“\-‘H (a) Fully resclved (b) Partially boosted
"'H-\.‘_HHH
w
--;’- ll./V*

(c) Fully boosted

Consider resonances above m =750 GeV
— Higgs decay products get a high Lorentz boost and are closer together
—> Nominal small R-jets (Anti-k,(R=0.4)) cannot be used anymore to resolve each parton separately

Idea: use Anti-k,(R=1.0) jets and get information about jet structure using substructure variables, e.g. N-subjettiness and
Energy Correlation Functions

14.07.2017 The University of Gottingen
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Analysis strategy

* Use complete 2015/2016 dataset recorded by ATLAS (36.1 fb!)

e Signal simulation:

» Non-resonant hh 2 yyWW?* sample
» Resonant mass points h h—=> yyWW?* ranging from 260 GeV to 3 TeV

e Background simulation:
» Huge list of SM processes that contribute to background
— Continuous background hard to simulate

— Use data driven background:

In addition use MC generated h—> yy samples

> Cut out signal region m~ € {125.00 + 3.4 GeV}
» Perform exponential fit based on sideband region

| Channel | Number of events | o - BR(h — ) [fb] |

gl 1930000 110.1
VBF 934000 S6
WH 246200 31
ZH 247800 70
ttH 20800 12
14.07.2017
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Event selection

Jet selection
* Require at least one Anti-k (R=1.0) jet with |n|<2.0 and p,>200 GeV

Photon selection:

. Rehuire at least two photons that fulfill ‘tight” identification criterion and p;>25 GeV

* Relative p; cut: p; . /m  >0.35and p; /m ,>0.25forp; >p;
* |solation criterion “FixedCutLoose”

Vetoes
* \letoes on b-jets and leptons

- The optimization was redone using ‘loose’ ID criterion and removing the ‘isolation criterion’

14.07.2017 The University of Gottingen



C GEORG-AUGUST-UNIVERSITAT . . .
( 1-, COTTINGEN ll. Physikalisches Institut
g

Optimization

Goal: maximize significance

Y= /2% ((s+b)1n(1+§)—s)

whereby s and b are the number of expected signal and background

for the 750 GeV sample by applying cuts on kinematic variables and substructure variables. We considered:

Substructure variables:

N-Subjettiness T,; T3; T3, T4y Tgp Tya
Energy correlation functions related variables C,-C, D,-D,

Strategy: Cut on maximum significances of
—  variables and then re-optimize on each variable

Kinematic variables: by keeping other cuts fixed.

* PT,YY' PT,W /PT,J' A(p Yy’ AnJ,w' AR Ly’ ARYY’ m,

14.07.2017 The University of Gottingen 10
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» As no non-resonant or resonant

di-Higgs production was observed,

upper limits on cross section times

BR were set

» small excess for the observed
limits within the 20 band

14.07.2017

o(gg— H) x BR(H — hh) [pb]

_I | I I 1 I | I 1 1 I | I I 1 I | 1 I 1 | 1 I 1 I I_
L ATLAS Work in Progress —*~ Obs .
3 I T _
10°E Vs=13TeV,36.11b" Expected
- stat-only - + 10 expected -
= + 20 expected -
10°E E
10 =
1 | | | | 1 | | | | 1 1 1 | | 1 | | 1 | 1 | | 1 | 1 | 1
500 1000 1500 2000 2500 3000
Mass [GeV] Non-res. 400 500 750 1000 1500 2000 2500 3000
Median [pb] 27.16  3464.32 25122 327 219 207 3.09 5.58 9.44
Observed 48.37 6465.87 450.25 583 390 3.69 5.50 9.93 16.80
+2a [pb] 59.24 9726.23 566.71 T7.14 478 451 6.73 12.16 20.58
+1o [pb] 40.11 5611.46 37523 4.83 324 3.06 4.56 8.23 13.94
—1o [pb] 19.57 2496.24 181.02 236 158 149 223 4.02 6.80
—2c [pb] 14.58 1859.39 13484 1.76 1.18 1.11 1.66 2.99 5.07
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Summary and Outlook

» No di-Higgs production has been observed

» Limits on cross section times branching ratio set

» More data from the LHC in the coming years hopefully
increases sensitivity for non-resonant production

» Combine limits with other channels such as with the semi
leptonic topology

14.07.2017 The University of Gottingen
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Cut m.,, sidebands MC-bkg non-reso. my = 700 GeV Cut m.., sidebands MC-bkg NON-TEs0. mpy = 70 GeV
Npzaop 111112680  3485.71 + 4.69 0.384 £ 0.002 1244 £ 0.05 Npzaop 111112680 348571 + 4.60  0.384 + 0.002 12.44 + 0.05
DQ 97814823 3346.16 + 4.59 0367 +0.002  12.11 & 0.05 DQ 07814823 3346.16 + 4.59 0.367 + 0.002 12.11 + 0.05
2 loose photons 20866531 277232+ 41T 0296 £ 0001 983 £ 0.04 2 loose photons 20866531 2772.32 + 4.17  0.296 £ 0.001 0.83 + 0.04
trigger match 20704061 2766.72 + 4.17 0.205 + 0.001 0.78 + 0.04 trigger match 50704061 2766.72 + 417 0.205 + 0.001 0.78 4 0.04
tight ID 4422423 2403.58 + 3.88 0.205 + 0.001 0.78 + 0.04 - - ,

rel. pr. cuts 23805404 2511.85 + 3.97 0.266 =+ 0.001 9.25 + 0.04
isolation 1635695 2156.12 + 3.66 0.262 + 0.001 8.08 + 0.04 _

fit range 8288643  2507.17 + 3.97  0.264 + 0.001 9.20 + 0.04
rel. pr., cuts 1427304 1987.01 + 3.51 0.239 + 0.001 8.50 + 0.04

m.,, = 125.00 7568261 2227.02 + 3.73  0.223 + 0.001 8.11 + 0.04
fit range 190962  1986.20 + 3.51 0.238 + 0.001 8.58 + 0.04

> 1 large-R jet 49501 44.50 £ 051 0.036 £3.80-10~% 4.59 + 0.03
M, = 125.00 445828 1800.47 + 3.34 0.204 + 0.001 7.61 + 0.04

b-veto 46463 39.90 £ 0.53  0.035 £3.85 - 10~*  4.48 + 0.03
= 1 large-R jet 2331 3711+ 050  0.0336 + 0.001 431 + 0.03

lepton veto 46262 39.20 +£ 052 0.030 £3.61-10~* 3.81 + 0.03
b-veto 2176 33.49 + 0.48  0.0327 + 0.0003 121 + 0.03

: 97 379 ‘ 97.10-4 957 ¢
lepton veto 9158 32.05 £0.48  0.0274 £ 0.0003  3.58 £ 0.03 PTy > 300Gel w2 13722031 D010 £127- 107 257 4+ 0.02
P > 275GeV 983 14.96 + 318 0.0123 £ 0.0002  2.86 + 0.02 ¢1>0.14 740 220013 0.005£9.05-107 151 + 0.02
T < 0.475 42 2.83 + 0.14  0.00706 + 0.0001 1.71 £ 0.02 Any g <12 423 144+ 0.01 0.004 £8.67-10-° 1.39 £ 0.02
Cy > 0.08 21 1.61 + 0.10  0.0063 + 0.0001 1.57 + 0.02 my < 136 GeV 183 0.89 £ 0.08 0.003 £8.05-10~° 1.17 + 0.01
Tight Loose
The University of Gottingen

14.07.2017

17



C GEORG-AUGUST-UNIVERSITAT . . .
( 1-, COTTINGEN ll. Physikalisches Institut
(41731

Substructure variables

ECFy(p) =1
ECF{(p) = i
1(8) ;W , ECFN41 x ECFy_1
B) = : AR . — : :
ECFy(B) | Z PT,iPT; ij , ECFyi1 x ECFy_y x ECF}Y
i<jeJ DN(ﬁ) = ECFE3
f j\r
ECF3(8) = ) _  pr.pr;prik (AR;; AR ARy;)”
i<j<keld

14.07.2017 The University of Gottingen
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