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Status of the Higgs boson back across the ocean ﬁ,‘ Yorhern finois
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Status of the Higgs boson back across the ocean
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We are starting to probe the more difficult decays (h— 1)
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And also the more rare production mechanisms (ttH)
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But of course...

We are just
being to
probe and
test this new
particle
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One Iong-term LHC goal [:,Iﬁ' University

Observe the Higgs boson self-coupling, crucial to testing if
the Higgs potential is the one predicted in the SM
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SM Dihiggs production at the LHC

e SM hh production dominated by box diagram,
not hh self-coupling, with destructive
Interference between the two

e Total SM hh cross section at 8 TeV ~9 tb not
expected to be seen by us any time soon
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What about extensions to the SM?

e Can enhance non-resonant hh production in many
extensions to the SM
e tthh interactions, light colored scalars, it Higgs

boson self—.coupling were 112 T,
altered, or if top quark had non- | g
standard Yukawa coupling .
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What about extensions to the SM?
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Altered self-coupling can significantly
iIncrease hh production rates
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Resonant production?

e Can enhance hh production resonantly as well
e Two Higgs doublet models, Randall-Sundrum
gravitons, radions, stoponium, ...
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%EXPERIMENT

Run Number: 191190, Event Number: 19448322
Date: 2011-10-16 16:11:14 CEST

m,, = 125.8 GeV
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Zooming in on a converted photon B Yoyt

W WATLAS

A EXPERIMENT

Run Number: 191190, Event Number: 19448322
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The calorimeters in action Oniversiy 0" f

4

U

552 . B e y

Run Number: 205113, Event Number: 34879440 |
Date: 2012-06-18 12:25:45 CEST

Invariant mass |
of two most ‘\
energetic
jets =4.1TeV
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The muon subsystems
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Looking for hh—bbyy. Why? 8 Northern ninois

o At known mp, h—bb has highest
Higgs BR (0.57)
e h—Yyy has high efficiency and A

good mass resolution BT ; g
e Can perform full mass 5 . . 1
reconstruction ;X

e h—7r and h—=WW have poor .

mass resolution vs vy
e h—// tew events after require *
|eptOﬂ|C decays 108600 720" 74060 180 " 200
" . My, [GeV]
e Sensitive to lower mass arKiv: 15071545
resonances and also the region
testing hhh vertex

Y
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Looking for hh—bbyy

e Start with common ATLAS
h—YYy selection A

e | oose diphoton trigger £ T = L
negrly 100% efficient for Ew 2
offline cuts B ;

* Er > 0.35(0.25)my, for 510
leading (subleading) 10°
phOtOﬂ 108 ok o e T

° ‘n‘ < 2.37 eXC|Udiﬂg arXiv:1307.1v345 MGeV]

1.37 < |n| < 1.56
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Photons for Higgs analyses

e Use “tight” photon ID. Can have unconverted, 1-track
converted or 2-track converted photons, all isolated
e >pr (tracks with pT > 1 GeV) in cone dR < 0.2 from
photon < 2.6 GeV
e 2E71 (calorimeter) in cone dR < 0.4 from photon < 6

GeV, corrected for y energy leakage and pileup

Jahred Adelman
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Jets and b-tagging

e Require two anti-kt R=0.4

jets with [n| < 2.5

e Perform b-tagging using
neural network tagger at
/0% efticiency ftor b-jets in

simulated ttbar events
e Rejection factor 130x (4x)

for light quark (charm)

jets

e Calibrate b-tag scale

factors using dilepton

ttbar events

Jahred Adelman
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Jets and bb invariant mass [ tonerp v

e | cading jet pT > 55 GeV, subleading pT > 35 GeV
after adding in 4-vectors of any muons with pT > 4
GeV with dR < 0.4 to jet

e Require 95 < mpp < 135 [GeV], 75% efficiency for hh
e Asymmetric cut optimized in simulation and largely

due to energies losses from escaping neutrinos
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Strategy for hh—bbyy

e Start by looking for non-resonant production of
hh—=bbyy
e Signal region is two photons with invariant
mass consistent with mn + two b-tagged |ets
with mass loosely consistent with mp
e Cuts optimized for discovery while trying to
maintain as simple a selection as possible at
the same time

PRL 1 citatio n m —

Search for Higgs Boson Pair Production in the yybb Final
State Using pp Collision Data at 4/s = 8 TeV from the
ATLAS Detector

G. Aad et al (ATLAS Collaboration)

Phys. Rev. Lett. 114, 081802 (2015) — Published 26 February 2015
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Continuum background estimation for hh—bbyy

e All backgrounds without a
Higgs boson estimated

using m(yy) sideband,

which is fit to an
exponential and
extrapolated to signal

A ——
- ATLAS

f Ldt=20fb", Vs =8 TeV

Events / 2.5 GeV

L

Signal Region
—&— Data
—— Fitted Signal + Bkds

-------- Single Higgs Boson + Bkd

region

Continuum Background

e Normalization comes
from sidebands

Events /2.5 GeV

< 2 b-Tag Control Region

e Slope of the exponential
constrained by fitting
events with < 2 b-tags

Jahred Adelman
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Continuum background estimation for hh—bbyy ﬂ

e Take advantage of good diphoton mass resolution
~1.6 GeV

e Note the normalization uncertainty of ~30-35% that
cannot be avoided
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S [ ATLAS signal Region .
SO [Ldt=201b", Vs=8TeV Data ~
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Higgs background estimation for hh—bbyy

e Smaller backgrounds with single Higgs boson
estimated from simulation

o W/Z/tt + Higgs

from Pythia8

e \WH xsec at NLO with EW corrections

e /H xsec at N
e {tH xsec at N

Jahred Adelman

NLO with EW corrections

O _we-
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Higgs background estimation for hh—bbyy B Yoy
e gg and VV fusion with Powheg-Box
e ggF xsec at NNLO+leading-log resummation
and EW corrections
e \VV fusion at NLO+EW and approximate NNLO
corrections
e bbH estimated to be _ g
negligible with our '
ot and mass cuts

s=8TeV 1%
-1 x

o(pp — H+X) [pb]

1072 = |
80 100 200 300 400 1000
M, [GeV]
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Signals for hhn—bbyy

e SM pair production of hh produced with
Madgraph5+Pythia8, including interference
between diagrams

e Resonant hh production modeled with a gluon-
initiated spin-0 resonant state in a narrow-width
approximation (NWA)

e gg-initiated NWA signals give very similar
kinematics and efficiencies

e Radions would be in the NWA

e Gravitons would not be in the NWA

e Most interesting regions (2mn < my < 2mt) of
2HDM phase space are in the NWA

Irvine
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Systematic uncertainties for hh—bbyy

All small compared to statistical uncertainties

Systematic uncertainty

Non-Resonance Analysis

N\

Single h Bkgd |hh Signal|Continuum
Trigger  [%] 0.5 —
Luminosity [%] 2.8 -
Photon Identification [%] 2.4 -
Isolation [%] 2 -
Mass Resolution [%] Resolution: 13 —
Position Value: 4+0.5/-0.6 GeV —
m~~ Continuum Shape [%)] - 11
Shape M5 Statistical [%] - - \
m. 5t 33 Vs bb [%] - - |
m. 5 Fit Model [%] - -
b-Tagging [%] 3.3 1.8 -
Jets Energy Scale [%)] 6.5 1.4 -
b-jet Energy Scale [%)] 2.6 0.3 -
Energy Resolution [%] 4.8 6.3 —
Theory PDF+Scale [%] 8.4 - -
Single h+HF [%)] 14 - —

Jahred Adelman
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100% uncertainty on gg and VBF due to HF content

Irvine

Fit sidebands
to O-tag data,
1-tag, data
with non-
Isolated
photons, and
using flat
function
(largest=11%)
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Backgrounds for hh—bbyy

e Compares with 0.04
hh events and 1.3

Process| Fraction of total :
events from continuum
994 117 backgrounds in
10l 2 +26(Myy)
WH 1% o |
71 7% e Continuum split evenly
tEH 69% between yyjj and yjj]
Total [0.17 4 0.04 Events e |can be b, corlight
e ttbar ~ 10% of the
total

Jahred Adelman
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Results for non-resonance hh—bbyy search

e Unbinned S+B fit
e 1.5 background
events expected
® 5 events observed
e 2.40 from
background-
only hypothesis

10 _' 77T
~ ATLAS Signal Region

" [Lat=201b", is=8 TeV +— Data
—— Fitted Signal + Bkds

-------- Single Higgs Boson + Bkd

Events / 2.5 GeV
(0 0]

Continuum Background

§ I
Y

e e 95% CL upper
.. = limit on hh
s v === production of 2.2
110 120 130 140 150mYY [Ge;I/]GO Ob (expected 10
ob)
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Moving to resonant production

Continue with previous analysis
but add additional feature of
resonance in 4-object invariant
mass

Jahred Adelman Irvine




Searching for X—=hh—bbyy

e Useful to improve 4-object invariant mass
resolution as much as possible to reject
background while maintaing signal efficiency
e Once we select objects, require mpp to give

back 125 GeV

E SERREREE IR B
(by SCa|Iﬂg the o 03 ATLAS Simulation (s=8TeV —
- = - T —m,=260 GeV  --Constrained 7
com b INe d b b -§ 0'25/ EE —m,=300 GeV Constrained ]
& . T —m,=350 GeV Constrained A

4_Ve CtO r) H- —m,=500 GeV Constrained

0.

Improves mass A .
resolution by 30-60% & “2'5';0"' 500 H80 400 450500 580" 600

myybb [GeV]
Irvine 31
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How to use rescaled mass

e Require my,op to be within window around

resonance mass muy with 95% signal efficiency
e Window varies from 17 GeV (mx = 260 GeV)
to 60 GeV (mx = 500 GeV)

> |||||||||||||||||||||||| | ||||||||
) C
o o3 =
n YO0 T ATLAS Simulation Vs =8TeV
Al — [N ]
:C; 0.25:_ EE —m,=260 GeV  -- Constra?ned =
=2 B ' —m,=300 GeV Constrained
< 0.0 - —m, =350 GeV Constrained -
- T . —m, =500 GeV Constrained
0.155 v -
o1 -
oAl I- . L 'l-t—‘ vl P 1
80 550 300 350 400 "500 550 600

M, pb [GeV]
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Efficiency for continuum to pass this cut?

e Measure efficiency of continuum to pass this cut using
events with <2 b-tags, fit with a priori Landau function
e For mx = low (260 GeV) and high (500 GeV) ms,
efficiency for continuum < 8%
e For mx = 300 GeV, 18% of continuum cut

> L L L R L R L I L R R L R L

8 - < 2 b-Tag Control Region -
o 10 —+— Data | =
S - Landau Fit =
s F :
2 B |
o _ | ATLAS =
L = | [iat=2010" s=8Tev 3

200 300 400 50 600 700 800 900
Constrained m.; [GeV]
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How to perform the resonance search?

Cannot fit sidebands after resonance
selection (likely no events left)

Instead, perform cut-and-count
analysis around +2¢ of mn (in m,,) and

in a given window of m,,b
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The resonance search [ oo

A
Sideband
Region
/‘A\ £
: myybb .
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Systematic uncertainties in resonance search 2 Dhivershy

All very small compared to statistical uncertainties

Resonance Analysis U S e

SM h + hh Bkgd|H — hh Signal | Continuum

Trigger [%] 0.5 - S I m U | at | O n tO

Systematic uncertainty

Luminosity [%] 2.8 -
wntification (%] _
Photon Identification [%)] 2.4 eval u ate
Isolation [%] 2 —
Resolution [%)] Migration: 1.6 — d " ff "
Mass
Position Migration: 1.7% - | e re n C e S | n
m.~~ Continuum Shape [%)] - 11 h
Shape M5 Statistical [%] - 3-18 S a p e
M. 5 37 vs bb 7] - 0-30
m,.,z: Fit Model [%] - 16-30 b etwe en
b-Tagging %] 3.4 2.4 - .
Jets  Energy Scale [%] 19 3.8 - Wb b an d W J J
b-jet Energy Scale [%] 6.5 2.2 -
Energy Resolution [%)] 15 9.3 -
Theory PDF-+Scale (%) +18/-15 - - MasSsSeS
Single h+HF [%] 14 - -

Use alternate fit functions to Landau distribution
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Myybb Mass in resonance search

[E8] Northern Illinois
University

> _ L A N L L LA R AL IR
) - _
g 10 ATLAS Signal Region .
5 | Jldt=20" \s=8Tev —+— Data E
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= 1= : , —
L = L nl | - e Single Higgs Boson =
- —— my=300 GeV, 6,xBR,,=1 pb -
107 =

- TN Same 5 events =

102 ll in SR as before -
:. -.I | - | a

> B T L | T T~ T T T T
8 - < 2 b-Tag Control Region =
o 10 —+— Data -
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% L _
2 L ’
2 1 T =
mwE ]

200 300 400 500 600 700 800
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Limits in resonance search

University

o, x BR(X—>hh) [pb]

N2}

0.5——

ATLAS

fl_dt =20t at \s =8 TeV

—a— QObserved 95% CL Limit
Expected Limit +1o
Expected Limit +2c

---------------------- Type | 2HDM:

tanp=1, cos(p-a)=-0.05

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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Event displays

Myybb =
289.9 GeV

JATLAS

2 EXPERIMENT

m =
125 1 GeV
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Event displays

Myybb =
336.6 GeV

GATLAS
i EX?ERIMENT

uuuuuuuuu 1 214494, Event Number: 20105423

m —
12\%{.2 GeV
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p-values in resonance search B Yoy

o 1 | I I I I I I I I I I I I I I I I I I
E‘ = —- L -~ l — 42:
S e 1 0o
S - ]
) L -
_I L —
--------------------------------------------------------------------------------------------------------------------------------------------- 1o
10" ?’T ATLAS =
- fLdt=20fb"at s=8TeV
- M --------------------------------------------------------------------------------------------------------- 120
102 J'AT —a— QObserved P, _
_______________________ .
10°F E
— T T U VA T AN NN T SR WA NN S S S SR R S S S
300 350 400 450 500
my [GeV]
Global p-value = 2.10
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Switching topics again lﬂ

K

7
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Searching for X—=hh—bbbb

Search for resonant pair production
of Higgs bosons via X—hh—bbbb

Dominant background is multi-jet
background, subleading
background is ttbar production
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Searching for X—=hh—bbbb

e 4b analysis much more sensitive at high my,
where the backgrounds can be kept to a
manageable rate
e | ook for mx starting at 500 GeV

e | arger signals, but multijet backgrounds
require data-driven methods to trust predictions

e Benchmark signal model: Randall-sundrum
graviton with a warped extra dimension

e k/Mp set to unity

e Resonance smaller than 4] mass resolution

e Modeled with Madgraph interfaced to Pythia8

Jahred Adelman Irvine 44




4Db triggers 8 orthern ninois

T .. Combination of 5

- 1 non-prescaled
: b 1 triggers = >99.5%
L 1 efficiency with
““I” ATLAS Simulation ] :
preiminay 4 o rommeews 1 regpect to offline
I D | selection for mass
@ e e e e e range of interest
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4b event selection

e Require 4 b-tagged jets with pt > 40 GeV

e [ ook for dijet systems with pt(jj) > 200 GeV and
dR(j,j)) < 1.5

e [ ook for extra jets with pT > 30 GeV and dR(jj) <
1.2 to form ttbar system, and calculate:

\/mw—ﬁ’lw2 mt—ﬁ’lt2
o=\ ()

O my Om,

0. 1mw~" N0.1m:

e m: from 3-jet mass, mw mass of extra jet and b-jet
with lowest b-tag probability

e Reject events if Xit < 3.2 (keeps 90% signal, rejects
60% ttbar background)

Jahred Adelman
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4b event selection

e Form XnH from pairs of dijets:

dijet — Mdijet dijet — Mdijet

g lead
\ M fijet )

O.1m|ead/ \O-1msub|

e micad = 124 GeV, msuol = 115 GeV,
Optlmlzed ln S|mU|at|On E o.14:—‘ ATLIAé Si‘mu‘lati‘on‘PréIin;ina‘ry‘ | f ggi-jteatgsged}ets *
* Require Xnn < 1.6 to be

( pplead  _ ~ lead \2 ( msubl _ zsubl ]2

Ann = O, subl
S
\ M et

v ttveto

0.12 Signal Region (HH) ]

In signal region oo £
0.06{— -
0.04 -
0.02(— —
O —— 00 B0 7000 1200 1400
mg. [GeV]
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4b multijet estimate in 2tag data

Sideband Control  Signal
rg)%;ion reon

3 [z 77 HZ. ZH
LR O LA regions defined in
2000 | % i same way as HH
50 |3 but with masses
e set for |
: ) 00, consistency with
SO1 Ry different final
oAb 0 states

0

mﬁf‘g [GeV]

/7 H/Z//H
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4b multijet estimate

Sideband Control  Signal

Two-tag data
S used to estimate
220 |l multijet
200 | & Lk background in
o F " 4tag data

100 JE P=p=R % 100

- LG Sideband _ a7Sideband _ asSideband
50 - 113 50 - N4—tag Nri,4—tag NZ+jets,4—tag

B l‘lmUl[lJC[ NSldCband

L 2-tag

0

i (G 1=0.0064 + 0.0002
ZZ HZ/ZH
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Kinematics of estimate [ oo

Vs=8 TeV:det =195

> T 1 L L L
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Refine kinematics
, by reweighting

1 S eve—— from sideband
events In leading
dijet pr, dR(j,)) In
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» Nibevo S B8
8 [mmm.
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{
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4b check in control region lﬂ

Type | Sideband Region | Control Region
> E L L L AL A B A L L L
3 1805_ Control Region -e- Data E .
Q 160 Bl Multijet — Multijet 903 +3 935+3
% 140;_ I _; i 19.0 £ 0.2 26.7 £0.3
z "PF E Z+jets 11+1 17 £ 1
100 ATLAS Preliminary E
o \s=8TeV: | Ldt=19.51" 3 Total Bkgd 933 + 3 979 + 3
a0F E
20F E
0 L Lo 1 = 4-tag Data 933 933
g’ i%; - Linea;r Fit - s . 1 c uncertlainties R
<§ §§WYY »~--<--~---»—-—-—--—»:—_Ai-%-i-»-------------g G* (mg- = 500 GeV) 0.75 £ 0.10 39+0.2
ojog 600 800 1000 1200 1400 1600 1?'20 [Gez\;(ioo G* (mg- =700 GeV) 0.48 + 0.04 3.0+0.1
4

Residual normalization and shape ditterences
taken as uncertainty
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4b ttbar estimate

e ttbar contribution estimated from events where at
least one dijet system fails Xy
e Extrapolation to signal region from semi-leptonic
ttbar events in data
e | arge statistical uncertainties, but ttbar
packground is small compared to multijet
packground
e Shape of ttbar events taken from simulation

€2

Bk
N9 = —1- x NX

It 2
1 Gtt' b

Require dijet
\'S candidate and
measure &

. =p Tag this side as a boosted
V leptonic top decay.

Irvine
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4b systematic uncertainties B Yoy

_-I: 1_35_ T T T | T T T | T T T T T T | T T T | T T T _
é E Source of Uncertainty ATLAS Preliminary E
o 1.3 © B-Tagging 4
2 F e R /s =8 TeV:det —195f" 1
S 1.25F JES —
x - ® Luminosity PY Z
£ 1.oF O Multijet Normalisation () ]
© [ A MulijetShape ® -
@) - . L -
S 1.15F O tt Normalisation ]
S "7 A ttShape ¢ 7]
) - o -
€105~ ° o o e =
— ° B A A -
SR JOORY WNIPRIIR-ONN SR SO S SO S S W=
O 9 - 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 -

' EOO 600 800 1000 1200 1400 1600
mg. [GeV]

B-tagging scale factor uncertainties for jets with
ot > 300 GeV large (not enough data - estimated
pourely from simulation)
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4b results B, ortnern inis
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4b reSUItS é {\igﬁrl‘}gil};llinois

a
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T | I I I |
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Expected = 10
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m— Observed Limit (95% CL)
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‘|
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PY e
.
) .
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)
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10 = =
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Exclude gravitons at 95% CL with mass
590-710 GeV (expected 590-630 GeV)
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Event display

EXPERIMENT

i
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Last thoughts before concluding gl Yoyt

; 1 ;(A;X:CIU) “ | | | —l 01 A=—1XAgyp oo
i e 2 A=0x gy o
% Q | A=1X Agpp weeeeeee
10" — ‘i‘ 0.01 | A=2X Agyp —==mm 7
—5: | v-lll-l w*'-""'h;, ’ hey
o~ ey Pl
S ooorp e,
= = \b‘ L I‘ e
L I
: -I
10°G e P é 0.0001 [ -
ARy | my =125 GeV, pr; > 100 GeV
0 100 200 300 400 500
g L L N B B LA BN L B BN pT'h[GeV]
g F —lra™ .
1 - B 1 arXiv: 1206.5001 (Dolan et al)
st L .
— : Can we use kinematics to
0 3 separate out box and
: triangle diagrams?!
1075 B3 S m— 35"
min AR(b,y)

arXiv: 1408.5010 (Slawinska et al)
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Last thoughts before concluding

Northern Illinois
University

HH bbyy tEyy ZH S/B S/vB
Cross section NLO [fb] 8.92x 1072  5.05 x 10° 1.39 3.33 x 10 1.77x107% 6.87 x 1072
Reconstructed Higgs from bs 4.37 x 1072 4.01 x 102 8.70 x 10 1.24x 1073 1.09x107% 1.20x 107!
Reconstructed Higgs from vs 3.05 x 1072 1.78 2.48 x 10 3.73x107% 1.69 x 1072 1.24
Cut on Myp 273x1072 3.74x1072 7.45x107% 1.28x10 6.07 x 1071 7.05
Cut on Pr 2.33x 1072 3.74x1072 5.33x10°% 1.18x10 5.44 x 1071 6.17
Cut on ng 2.04x 1072 1.87x1072 3.72x1073% 9.02x107% 9.06 x 10~} 7.45
Cut on AR(b,b) 1.71 x 1072 0.00 3.21x 1073 7.44x 1075 5.21 16.34
“Detector level” 1.56 x 1072 0.00 8B.75x 1073 8.74x107% 892x 10! 6.46

Table 7: Cross section values of the HH signal and the various backgrounds ezpected at
the LHC at /s = 14 TeV, the signal to background ratio S/B and the significance S/ VB
for [£ =3000 f6=! in the bbyy channel after applying the cuts discussed in the text.
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arXiv: 1212.5581
(Baglio et al)
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Conclusions

e Key LHC goal to explore the Higgs boson potential
and study the Higgs self-coupling
e [or the near future, we are searching for new
physics
* |n the long-term, we hope to begin to make
measurements (hopefully mostly of triangle!)
e A difficult path, but also a fun one
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Conclusions

Look for Run 1 yyYWW, tzbb and boosted-4b

analyses (out very soon!) and a combination, and
YYbb searches early in Run 2
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Photon ID
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Photon ID M oo
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Photon 1D Eﬂ Davershy e
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Photon 1D Eﬂ Davershy e
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hh xsections in SM [ oo

http://arxiv.org/abs/1212.5581

Vs [TeV] 03\;,11())1111 [£b] 02}}31111@ fb] o cl;?i?vmz [£b] Uclfq‘\—.{“?m{ fb] o (I;q(}gg—)tt_fffl [{b]
8 8.16 0.49 0.21 0.14 0.21
14 33.89 2.01 0.57 0.42 1.02
33 207.29 12.05 1.99 1.68 7.91
100 1417.83 79.55 8.00 8.27 77.82
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yybb events

Run/Event Number 214494/20105423 | 208261/19675029 | 205016,/21379303 | 204668/136522288 | 204265/8266739
Leading v (pt/n/¢) (110/0.5/0.6) (73/-1.2/-1.3) (52/-0.3/2.9) (65/-0.1/-2.2) (65/0.4/-2.6)
Subleading v (pT/7n/9) (44/0.7/-1.6) (34/0.6/-3.1) (46/-2.3/-2.0) (37/-1.7/0.1) (42/-0.9/0.4)
My 125.2 125.6 128.5 125.1 125.4
p}"' 90.4 73.7 76.6 47.7 24.0
m,; unconstrained 125.9 130.4 124.7 134.0 105.4
p?rb unconstrained 110.7 108.1 449 107.5 36.5
m.. uh constrained 336.6 312.7 291.7 289.9 264.5
m,__ .= unconstrained 337.7 319.4 291.3 300.2 243.7
pI7*® constrained 69.2 52.5 44.3 63.7 24.6

Leading jet (pr/n/¢/E)

Subleading jet (pr/n/¢/E)

3rd jet (pt/n/¢/E)
4th jet (pr/n/¢/E)

(68/-0.9/-3.1/100)*
(58/0.6/2.1/71)*

(121/-1.1/1.4/196)*
(47/-1.9/0.4/157)
(47/-1.0/-2.8/73)*

(65/-1.5/1.0/157)*
(65/-2.1/0.0/258)
(59/-2.2/-1.5/273)*
(34/-0.7/2.5/43)

(103/-0.8/1.5/140)*
(66/0.9/-2.0/97)
(52/0.2/-0.2/53)*
(36/0.4/2.2/39)

(66/-0.6/1.9/80)*
(43/-0.4/-0.7/48)*

ER(Er/¢)

(26/-2.8)

(52/-0.8)

(4/-2.7)

(23/2.1)

(50/-0.1)

TABLE II: Kinematics of the five events in the non-resonant signal region. Units of GeV are assumed everywhere, as appropriate.
The star (*) for a jet indicates a b-tag. Only jets above 30 GeV are considered. Unconstrained (constrained) refers to values
before (after) constraining the bb mass to 125 GeV.
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® Extend the Higgs sector to a second Higgs doublet
o Type 1: All fermions couple to one doublet

® Type 2: Up-type quarks couple to one doublet, down-type quarks and
leptons to the second doublet

[l Northern Illinois

University

e TJype 3: Quarks couple to one doublet, leptons to second doublet

e Type 4: Up-type quarks and leptons couple to one doublet, down-type
quarks to the second doublet

e tan B = ratio of vev of both doublets
® « determines mixing between two neutral scalars

® Joau 9odd govv

Type I Type II Type I Type II Type I/I1
h cos a/ sin 3 cosa/sin 3 cosa/ sin 3 —sina/ cos 3 sin(8 — )
H sin &/ sin 3 sina/ sin 3 sina/ sin 3 cos a/ cos 3 cos( — a)
A cot 3 cot B cot 3 tan (3 0

Table 1.4: The neutral Higgs couplings to fermions and gauge bosons in 2HDMs of Type I
and II compared to the SM Higgs couplings. The H* couplings to fermions follow that of A.
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Higgs boson production

Analogous diagrams
for hh production, too!
(C) (d)

g !
HO
t __________
-
g t
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4b background [ oo
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4b multijet estimate B, ortnern inis
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4b multijet estimate in 2tag data

) o
Sideband Control  Signal ® ZZ region defined in

same way as HH but

region region
309_. T

3 o e with masses set to
55 250 86 and 93 GeV, and
= ook Xzz < 1.5
: HZ (ZH) region has
RaF o mass windows set to
100 9 124/86 (93/115) GeV
I (Ol and X < 1.6
: Two-tag data used to
/50 figo 150 2 md [GeV] estimate multijet
77 HZ/ZH background in 4tag

data
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Photons for Higgs analyses B Yoy

Efficiency extrapolated from Z—ee and measured in
/—ly + matrix method using track isolation sidebands
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Comparison to CMS

Those who pay attention to these
things may have noticed that CMS
also has a recent CONF note
searching for hh resonances in the

yybb channel
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Comparing ATLAS and CMS

| AILAS

Jet pr 55/35 GeV 25 GeV
Separate 1tag and >2tag

Tag requirement > 2tag regions for signal
mjj range 95-135 GeV 85-155 GeV
mj;; method 4-vector scaling Kinematic fit
Resonance limit Countlng Sideband fit
method experiment
Non-resonance limit Yes No
Signal at 300 GeV CMS ~50% larger in 2-tag channel
Sackground at 300 CMS ~400% larger in 2-tag channel
GeV
Limit at 300 GeV CMS ~50% better (expected)
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