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LHC Run 1

IN

proton-proton collisions at AT

» 2010 \s=7 TeV, 44 pb™!

need new atlas papers plot

» 2011 \s=7 TeV, 6 fb!
» 2012 Vs=8 TeV, 23 fb!

OuUT

Total ~30 fb!

Physics results!

» 422 submitted papers on
collision data from ATLAS

» (Another ~400 from CMS)
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ATLAS Online Luminosity

w2010 pp \s = 7 TeV
w2011 pp Vs = 7 TeV
w— 2012 pp Vs = 8 TeV
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MIDDLE

Over 6,000 ATLAS and CMS physicists operating the detectors; collecting and
analysing the data.

CERN beam division team operating the whole LHC chain.
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The Nobel Prize in Physics 2013
Francois Englert and Peter W. Higgs
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“for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of
subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider”






BEH Boson Production at the LHC

proton - (anti)proton cross sections
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BEH Boson Decay

Decays of a 125 GeV Standard-Model Higgs boson

tau/anti-tau

6%
charm/anti-charm
/ 3%
bottom/ ZO;
anti-bottom 3%
>7% 2 photons,
Z+photon

0.2% each
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B E H BOSO n ReS u ltS ATLAS Preliminary :z((ity?i:)ac.) Total uncertainty
m,, = 125.36 GeV _0(:::‘;?‘,) + 1o on
H -y o | ‘ :
p=1.179%8[700 T
0.26 b“ e 5.1-‘_‘_‘ l L
All observations from the LHC gl jrir
consistent with a Standard Model noww [
BEH boson with mu~ 125 GeV. h= 118 e . il
§|> —Illll] 1 1 IIIIII] 1 1 IIIIHI 1 | IIIIIII 1 i
S 1L ATLAS Preliminary t .
= my measured in ZZ and yy final — F s=7TeV,4547 1 z¥ 1 o
states consistent with 125 GeV. ° - e=RTeV 2023fhT F -
ATLAS Preliminary
Vs=7TeV,4.5-4.7tb" Vs=8TeV,20.3fb"
. 68% CL: —
= |t decays like a SM BEH boson 9%5%CL:
L R R e
Hogr = 1.28%933 el
- |t’ ' :
It’s produced like a SM BEH boson doer - 1232032 .
HyHy = 0.80 +0.36 *;
Hpr= 1.81 £0.80 | em— —
Phys. Rev. D. 90, 052004 (2014) : myy = 125.36 GeV
ATLAS-CONF-2015-007 05 0 05 115 T2 25 3

8 arXiv:1503.07589 Parameter value



http://arxiv.org/abs/1406.3827
http://arxiv.org/abs/1503.07589
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-007/

BEH — Leptons
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H—bb searches using WH and ZH

ATLAS-CONF-2012-161



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-161/

VH— Vbb Analysis Strategy

H—bb produced in association with leptonically decaying W or Z

Three channels: based on exactly 0, 1 or 2 charged
leptons, f={e, u}
= Two or three jets with two b-tags

= To improve sensitivity analysis performed in bins of
vector boson pr (prf“ or ET™%): 16 bins in total

= mps Uused as discriminating variable

two leptons (ZH—t*¢-bb)

zero lepton (ZH—vvbb) one lepton (L.VH_){)Vbb ) - Exactly two high-pr leptons
- Exactly one high-pr lepton :
- No electrons or muons _ Eamiss > 25 GeV - opposite charge
- Ermiss > 120 GeV 40 < 1ron | GeV <120 - Ermiss < 60 GeV
h - 83 <mu/ GeV <99




ZH—vv bb candidate event

® mpy =123 GeV E1™s =271 GeV

@ATLAS «

EXPERIMENT &
http://atlas.ch //

Run: 204763
Event: 49333326
Date: 2012-06-09
Time: 16:08:25 CEST




VH—Vbb Backgrounds and Systematics

—@— Data 2012

B Signal . . . .

[ Multijet e Background shapes from simulation, normalised using data
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= Systematics are constrained by fitting mss distributions to the data



my, distributions at Vs =8 TeV

e Highest pr™4 bins are the most sensitive to Higgs signal

160 < pr"9/GeV < 200
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VH—Vbb cross check: observation of VZ—Vbb

e WZ, ZZ production with Z—bb similar signature, but 5 x cross-section
e Perform a separate fit to find Z—bb and validate the analysis
= Backgrounds - except VZ & VH are subtracted

= Uses full pr”“ range, performed individually for 0, 1, 2-lepton channels
and for Vs=7, 8 TeV

|

% 400 ATLAS Preiminary Wvzz
o - ILdt:L?.Ofb", I1s=8TeV .WH 125GeV :
= - o
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Result: 6/osm = pp= 1.09 £ 0.20 (stat) £+ 0.22 (syst). Significance of 4.0¢
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ttH, H — bb searches o

arxiv:1503.05066



http://arxiv.org/abs/1503.05066
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o t—=Wb; W decays to 2 “light jets” or €v
e Select events with1or2eoru

e Bins of humber of b-tags and number of jets are

used to characterise events. g

e Discriminating variables are:
e Hr"d scalar sum of jet pr

e neural net, NN




ttH, H—bb candidate event

UATLAS
A EXPERIMENT
http://atlas.ch



http://arxiv.org/abs/1503.05066

ttH, H — bb background challenge
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ttH, H — bb Fitting

e Systematics are
constrained by fitting
the distributions to the
data

e Normalisations and
shapes are allowed to
vary in NN and H7had,

95% CL limit on o/
osm for myg=125
GeV:

3.4 (measured);
2.2 (expected)
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First Evidence for Weak Boson
Scattering

eSame sign ee, eu, pu signature 2 aoF Arias AR :
. G 25:_ 20.3fb™, s =8 TeV BXJ Syst. Uncertainty 3
» ATLAS observes 4.5¢ evidence for L mS0GeY :)H:ﬁ Strong
.. : , - 5 rompt -
W=W=jj production  « (1 I R
Wt - : E
-
5: —
Wt - A!A_A'...l.l..l..
0 1 2 3 4 5 6 7 8 9
q q' IijjI
»Also observed Zjj production consistent with W*W=jj—Zjj
ATLAS Preliminary SM 6YES=0.95 + 0.06 [fb]
20.3 fb”.\s-8 TeV NLO, POWHEG-BOX, CT10
e ety . -
5 pipd » =
© Combination
1.3+ 0.4 [fb] ' -

-1 0.5 0 05 1 1.5 2 25
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http://arxiv.org/abs/1405.6241
http://arxiv.org/abs/1401.7610

First Evidence for Weak Boson
Scattering

n*u*jj Candidate Event
m;ji=2800 GeV | Ayji|=6.3

ATLAS

1 EXPERIMENT

Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC



http://arxiv.org/abs/1405.6241

Indirect limit on BEH boson
width
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>
o In the SM, T'(Hiss) = 4 MeV G100~ ATLAS =8 ToV: fLot- 203" ]
o i ® Data |

. ™ - — — stat ® syst

e The BEH boson prefers to decay into WW  — g4l e g N
and ZZ. c - gg+VBF —(H'—) 22 -
g) >, B Background qq.—a Y4 [
e However as BEH boson mass is 125 GeV, at “ 60i: Prekgeund Zajets.
least one of the W or Z must be off-shell. :
e The number of events at high mzz, mww 40t ]
depends on the actual width T'(H) . i
: 20 -
e Look for events at high mzz, mww. v

300 400 500 600 700 800 900 1000
m,, [GeV]

e I'(H) observed < 6.5 x I'(H) SM at 95% CL

23



B E H B OSO n S pi n ATLAS-CONF-2015-008
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e “The results presented here exclude all of the alternative models in
favour of the SM BEH boson hypothesis at more than 99% confidence
level.”
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/

Standard Model Production Cross Section Measurements  suws vach 2015
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Beyond Run 1



LHC — Run2 — HL-LHC

http://hilumilhc.web.cern.ch/about/hl-lhc-project
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\\ > . . . B
' New interaction
region layout

\s = 14 TeV \
LHC injector upgrade

Vs =13 TeV |
bunch spacing 25 ns /

Crab cavity

o= - =

Iuminosity levelling
F~5 %103 cm—2s-1
Pile Up ~ 140

Pme16%x10%em-2s-! || Z~2x103 cm-2s-1
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new linac? ‘\i‘
il Linac 4 commissioned, will be added e 4 TeV LS3 14 Tev eneray
into LHC during LS2 e Eepis & to 7 x
splice consoliq pryogenics Point 4 nominal
7 TeV 8 TeV buﬂ;zn::::: dispersion , HL-LHC installation e ey
collimation
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luminosity | experiment beam pipes / phrase 1
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LHC

experiment upgrade phase 2

today: May 2015
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http://hilumilhc.web.cern.ch/about/hl-lhc-project

The Challenge of Pileup

e Pileup = number of proton-proton collision per bunch crossing

Simulated pileup in ATLAS tracker

Run 1
Pile up of 23

HL-HLC
Pile up of 230

28




ATLAS Upgrades

e Long Shutdown 1
e New beam pipe at r=25mm
e New insertable b-layer at 31 < r/mm < 40
e Refurbished pixel readout

e More complete muon coverage: extended
endcap installation complete

e Fast Tracking for L2-trigger will come online
during run 2

e Long Shutdown 2

e New muon small wheel forward
spectrometer

e Topological L1-trigger processors
e New forward detectors
e For HL-LHC

e Completely new trigger architecture with
new hardware at LO/L1

e Completely new tracking detector

29 Calorimeter electronics upgrades



Run 2 Start Up

e First run 2 beam was on Easter Sunday, 5th April 2015!

e 10N dave nf collicinngs nlanned at Ve = 13 TeV
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First Run 2 collisions in Atlas

e First 13 TeV “test” collisions on 20th May 2015.

?AT LAS

EXPERIMENT

] —

Run: 265545

proton-proton collisions at - Event: 57203'3% .
~ 13 TeV centre-of-mass energy - 2015-05-21 10:39:54

32 e First “physics” collisions planned for next week.
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ATLAS Run 2:
BEH Boson Prospects

q

g g fusion : H° WW, ZZ fusion : HO
g q 5
\ q
t
9 t 3 Wz
- 0
ttfusion : H W.Z
g 5 Decays of a 125 GeV Standard-Model Higgs boson
= He § .
t q W, Z bremsstrahlung

tau/anti-tau
6%

charm/anti-charm

/ 3%

bottom/ ZOZ

anti-bottom 3%
57% 2 photons,
Z+photon
0.2% each



Physics Prospects for Run 2

Huge increase in cross section for many

interesting processes

» but life is harder for states lighter than 2

top quarks (z¢)

WJS2013

100_ T llll T T T T T llll

ratios of LHC parton luminosities:
- 13 TeV/8TeV,7 TeV /8 TeV

10F gg_
E ---- Xqq
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0.1 Lo v
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107

proton - (anti)proton cross sections
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Projection for Run 2 and HL-LHC

e Projections from refining current analyses or designing new ones

e Different systematic uncertainty scenarios often considered, in particular
the different theoretical uncertainties on the signal cross section.

e Results are presented for 300 fb~! (2022) and/or 3000 fb~! (2035?)
e Many results are presented in the context of specific models.
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Still the Golden Channel:

: very clean signature and small backgrounds.

e Large statistics will allow a probe of all main production modes.

e BEH boson production cross-section uncertainty constrained to O(10%)

e Allows measurement of CP properties of the BEH boson.

Entries/1GeV
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H—yyand H-WW

e Clean signal of H—yy can be used to look for different BEH boson production
mechanisms.

e Large statistics of H—WW can be used for differential cross section
measurements

Events/ (2 GeV)
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H —> b b_ at Run 2 ATL-PHYS-PUB-2014-011

e Looking for pairs of h-quarks in the
detector very challenging as b-quarks are B
ubiquitous. WH, H—bb

Run 2 projections, compared to run 1 data
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H— bb at Run 2

ATL-PHYS-PUB-2014-011
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Jet Reconstruction at Run 2

High Pileup

High pileup requires
improved algorithms
e.g. primary vertex
reconstruction, b-
tagging, pileup jet
rejection.

Jet Substructure

e High mass final states and high collision
energy lead to highly boosted and close
objects e.g. W—jj, Z—jj, t—Wb—jjb

e Jet substructure techniques will be key
to reconstruct some of these signhals;
may be crucial for new high-mass

objects.
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Jet Substructure

Grooming

1 Three grooming techniques are

41

currently used for Run Il boosted
W boson tagging:

Pruning - jets are re-clustered,
cutting on the angular distance
between two sub-jets and the
fraction of the p; carried by
the lighter sub-jet. These should
do well since the boson p;
spectrum is expected to be

symmetrical between sub-jets.

De-clustering ORy; =
. A8 (__ A:':\
Vg = Prp2) X ARq2/ My : ’ k N
= Pegn ° Ch
lJ p— maX(m(p1),m(p2)) / M(H) z"’ﬂ_@€_ {;‘}
@ Keep p1 il
@ Discard

o1 y .:._(d.- e
%,

{ PO ") Ateach step:
@ | If\y,<+y,_., continue to next step.
If B > Yax CONtinue to next step.

Else, keep the constituents of j1 and stop.

Trimming - Jets are un-clustered
into sub-jets, where each one has a
certain fraction of the total jet
momentum. This uncovers hard
substructure independently of

pileup.

arXiv:0912.1342, arXiv:1306.4945

BDRS (or mass drop filtering) — jets are unclustered using
the reverse of the initial clustering steps into 3 sub-jets.

The mass drop (mass of the hardest sub-jet as a fraction of
the jet's mass) and momentum balance between the sub-
jets and jet is calculated. If there is a large mass drop or
the momentum balances, the sub-jet is presumed to be o

hard structure and is returned as a jet.

arXiv:0802.2470

Tim Bristow, Institute of Physics High Energy
Particle Physics meeting, Manchester, April 2015




Jet Substructure - New Variables

» Variables describing the substructure within a jets helps identify if

boosted jets are from a single particle

» N subjettiness (Ty): The degree
to which the substructure
resembles <N sub-jets. This is the
p; weighted AR between each
constituent and its nearest sub-jet
axis. The ratio T,; T,/T; gives
good two body sub-jet

identification.
B=1; k over all
To(B) = Z jJTfﬂRﬁ_ constituents; AR is
icl rapidity between

I subjet axis a and k; R,

B =2 2 PR

ieJ

1 .
0T, min(,&Rﬁ ,&Rﬁ .
T{}(ﬁ) ; / ‘T aa,i

http://arxiv.org/pdf/1410.4227v1.pdf

characteristic radius

T2(B) = ),

42

01 Energy correlation variables
(EEC): Angular separation
weights are used for each sub-jet
multiplied by the sum of the sub-
jet momenta. Variations of ratios
of these functions offer good two
body identification.

B=0.50r 1; I, k over

Ecr0(5) =1,
crO(p) all jet constituents; AR

Ecrl(fB) = Z PT;s is rapidity between

ieJ clusters.
| B

Ecr2(p) = Z PT.PT, (ﬂRa'j) :
i< jed

Ecr3B)= ) pr.pr,pr, (AR;ARKAR ) .
i< j<ked

http://arxiv.org/abs/1411.0665

Tim Bristow, Institute of Physics High Energy
Particle Physics meeting, Manchester, April 2015



H —> T+T_ at Ru n 2 ATL-PHYS-PUB-2014-018

o WW, ZZ fusion production of the BEH boson best for H—t*z~

@ w3 LA ISR LA LA L R R L AL B q
o 700 - | /
> - ATLAS Simulation Prelim. gz — tt [l fT+single-top )
£ 600 14 TeV, 3000 fb” @Faket [ Others q W,Z
:>J’ - ut,, + et VBF — 100xH — 1t
S00¢ WW, ZZ fusion : Ho
400 = W,Z
= q -
300F- \
- q
200
100F
0 5 10 . 0 . e Uncertainty on SM
X, BEH production of
: . _ . 1
e Number of signal and background events in 3000 fb! #=1 with 3000 fb
current crte,!‘“" no 05,!‘“"'
process VBF category | third highest bin | second highest bin | highest bin — —3 - -
VBF H — 77 8070 114 147 206 Tp__ Os Ap Ap
geF H — 77 16410 44 16 39 10% 5% 0.25 0.24
Z>TT 1682400 875 720 514 5% 5% 0.16 0.13
fakes 2959800 205 190 155
t 191400 100 20 < 20
other 198600 < 20 < 20 < 20
signal 25380 158 193 245
background 5032200 1180 930 669
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BEH Boson Decay Sensitivity

ATLAS Simulation Preliminary
: [Ldt=3000 fb"
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BEH Boson Couplings Fit

ATL-PHYS-PUB-2014-016

e Assuming I'n is sum of SM widths, calculate uncertainties on BEH boson couplings.

e Deviations from the SM are quantified using x multiplier, in SM ki=1, €.95 o
- K
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BEH Boson Coupling Fit

Parameterise in y, linear

relationship in Standard
Model

For vector bosons:

Rv; 9v;
yv; = \/ on VRV

my/.

7

U

For fermions:
RF; 9F; oy

ny,; — \/5 T /{Fi DV
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BEH CP Studies

e H—~Z77Z—4¢t used to reconstruct the full angular decay
structure.

e Very sensitive to non-SM (CP = 0*) contributions.

AH — ZZ)=v"" (CL1WQZ€T€§ + agf,f,(,l)f*@)’“” -+ asf,f,(,l)f*@)’“”)

SM tree processes  loop CP-even CP,'Od(,j
contributions contributions
(BSM)

e Fit fraction of event (f.) and phases (¢:) to observed decay:

Qa; ‘az’ QUi

. = ar — . =
¢az g (CL1> faz ‘CLl’QO_l"_‘az"zO—z’

2
m S S

14 \)
ar=91— + — (292 + 93—2); a = —(292 + 93—2); a3 = =294,
47 my,  my A A




BEH CP Studies

ATL-PHYS-PUB-2013-013
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BEH Boson Rare Decays



H—pp

e SM prediction is BR(H—uu)=2.19 x 104

e Observation of H—uu gives access to BEH

coupling to 2" generation of fermions.
e Run 1 limit is 7 x SM

e With 3000 fb~!:

» Observation at ~7¢

» uncertainty of 20-25 % on signal strength

(~8% on Ky)
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H—Zy

e SM prediction is BR(H—Zy)=1.54 x 1073
e H—Zy sensitive to potential new particles in loop

>10000F =" " T "l rrgryrlrrey] T T T
@ - -
SM 1) e T
1MZ) (%) @ - —
| | £ 8000}— -
. o - R
“ * |..|.>J - 1S = 14 TeV — Bad(ground -
1 6000}— | Ldt ~ 3000 fb’ — SMSignal 7
, , . <« - ‘Gehss B'On')' "t -
[ - [ P e == - -
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& S0E ~
NN\, AP AVAVAVAVERLS: X Au.p g BFTTTTIFTLIETIFFITTFTTE
'... '.",-§ v -.‘-,_.. g _50 ; __ﬂ— ;
—_— Y —_— A — . 150 E- 3
} } : ; ; > — - - : . . - - -
>, D 3 400
Sl o™ Zuq § 1 ™ Zeg 0 e ' 7 = 300 + =
NN\ NN\ = 200 __I_
T by T
P 3 S S . “|"++++++++ v
e
g -‘w s A A A A A 4 A A
) 120 122 124 126 128 130 132 134 136 138 140

n\" [GeV]

» Run 1 limits are 10 x SM

» At 3000 fb~! a precision of 20-30% on the signal strength (~10% on kzy)
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ATL-PHYS-PUB-2014-019

Di-BEH Boson Production

e We want to probe the shape of the BEH potential

e Observation of di-BEH production is a first step...
but very challenging

e Production dominated by box diagram, negative
interference with self-coupling diagrams
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ATL-PHYS-PUB-2014-019

Di-BEH Boson Production

HH—yybb
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e With 3000 fb~': 8 events, significance of ~1.3 ¢
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BEH beyond the Standard
Model



Additional Heavy BEH bosons

e Additional BEH doublets predicted in many models, including Supersymmetry.
e e.8. A two-BEH doublet (2ZHDM) model includes four new BEH bosons:

125 GeV CP odd

e tanf is the ratio between the vev of the BEH doublets

A—Zh — €€bb reconstruction (2HDM)
ATL-PHYS-PUB-2013-016
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Additional Heavy BEH bosons

Prospects for H’—~ZZ—4¢ production
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Indirect limits on BSM BEH bosons in 2HDMs
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Some letters...

¥4

10 DOWNING STREET
LONDON SWIA 2AA

THE PRIME MENISTER 13 July 2012

(")su Cafise ﬂ;’)y,

1 would like to take the opportunity of CERN's historic announcement last week
to congratulate and thank you for all you have done for British physics.

Your rescarch papers of 1964, despite their initial rejection as being “of no
obvious relevance 1o physics’ have underpinned the theories of particle
physicists for decades now and their recent validation was a great triumph for
you and the other theorists, illustrating the real knowledge gains that can arise
from the seemingly obscure puzzies and mental exercises that theoretical
physics explores.

The work of the engineers, experimentalists, theorists and computer scientists,
many of them British, that has made the Large Hadron Collider a successful
rescarch facility has captured the imagination of the public at all levels and
ages. The lead taken by yourself and other UK researchers has inspired much of
the nation and will stimulate more young people to pursue scientific enquiry and
training, providing the skilled work force upon which a modern economy like
ours depends for growth. 1 kmow just by looking at the number of hits my
comments about the announcement have had oa the No. 10 website how much
this has captured the public imagination and interest.

Your rescarch will form part of the UK's rich henitage in scientific advances and
on behalf of the nation, | wanted to express my sincere thanks.

#

o s A 'L
WG
Profiessor Peter W Higes

Ministear airson lonnsachadh, Saidheans agus Canain na h- v

Alba

Minister for Learning. Sclence and Scotland's Languages

Alasdar Allan BPAMSP Scottish =~
F/T: 0845 774 1741 iR b-a0n

£ scottish ministers@scotiand g3l gov vk
Professor Peter Hogs. FinstP, FRSE. FRS

e

LIVERNG
A GAMES LEGACY FOR SCOMAND

4 July 2012

Dear Professor Higgs

| was delighted to see the exciting anncuncement from CERN on the obsarvation of & new
particle consistent with Higgs boson. | can only imagine what you must be feeling.

I know these results are preliminary and are part of a huge and inspirng intemational
collaborative effort. but | would like to offer my congratdations to both you personally, for
inspiring the search, and the teams in Glasgow and Edinburgh involved in ATLAS, for
helping 1o make this discovery happen

I look forward to hearing more as the analysis continues.

Pl G0

ALASDAIR ALLAN

precoed B/

Cdhe Bhictoria, Din Eideann, EN6 600
Vicioria Quary, Edinburgh EM6 600
Www . scotiand gov uk

@Y O wo

LEADER OF THE OPPOSITION

"

HOUSE OF COMMONS
LONDON SWI1A 0AA

28  August 2012

Dear Peter, . S = g

| wanted to offer for the tremendous contribution you have made

my congratulations
bummdmmmnumdummmm
we live

It does not fall to many people in history 10 predict the theoretical existence of 8 sub-
atomic particle which is then confirmed, mere decades later. The Higgs Boson will
take its rightful place in the history of sclence.

Your work in the 1960s helped to inspire the very concept of the Lasge Hadron
Colider which in turn has been an inspiring example of intemational scientific
collaboration in which UK science has played a very prominent part.

The recent anncuncement by CERN (foliowing the results of the ATLAS and CMS
expenments) represents both the culmination of one scentific endeavour and the
start of a new era in our continuous queast to understand our Universe.

Science is international but this country can be truly proud of the role you personally
MMMmmWw
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@. il



Some emails...

How to find a fitting name, was rather a challenge. Until my
husband suggested your's : this boat was our divine particle, the
missing part in our life.

\




More emails...

Dear Sirs,

We are a craft beer micro company (Ca 1l'Arenys-
GUINEU BEER), and we would 1like to make a
Brewing Special Edition (10hl) as an Homage to
Mr. Higgs

First of all we would like to know if there 1is
any concern about it.

The idea is absolutely NON lucrative

-We would 1like to know, if possible, if Mr.
Higgs likes beer and what styles does he prefer
in order to adapt our receipt.

Best Regards
Xavier Serra

infol@calarenys.com

Ca 1'Arenys brewing Manager
Valls de Torruella ( Barcelona )

Spain

e ™
v (FP¢ +he
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Belgians also know how to
party!




Outlook:
BEH boson measurements at run 2 & beyond

e We’ve come a long way baby, but there’s still far to go...
e With 300 and 3000 fb~! the LHC will offer a comprehensive BEH physics

Precision BEH p.hy51cs. Ob arvatieaor
measure production rates
3 H—bb
to a few %

programme:

Observation of Discovery of additional BEH
H—Zy and H—u*u bosons up to O (1 TeV)

Theory uncertainty dominant
for many analyses

e Some analyses do remain challenging, event at HL-LHC:

di-BEH boson triple-BEH boson
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Run 1 BEH Mass Combination

E 3_ | | | | | | | | | | | | | | | | | | | | | | | | ISI | | | | | | |

~ B -== ATLAS H—yy i

s - ATLAS and CMS S ATLASHery

o _ LHC Run1 CMS H—yy —

s 25— e CMS H—ZZ—4  —

= B == — All combined B

N [ '¢' ]

© - % Best fit i
C ’

@) 20— . —— 68% CL —

n o _

! == TS S~ _

\ “~~
L 1 :,,"" ss —
1 5 ‘\ .

- \s “, T —

: ~~~ 5“‘ >< ‘l :

| e~ -X- . "' ]

1_ - ::- —”¢ —

— -y - _‘\\e— —

0.5_ ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |

124 1245 125 1255 126 126.5 127

m,, [GeV]



BEH boson width uncertainties
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Systematic uncertainty

95% CL lim. (CLg) on proff —shell

Interference gg — (H* —)VV 7.2
QCD scale K (myy) (correlated component) 7.1
PDF g4 — VV and g9 — (H* —)VV 6.7
QCD scale gg — V'V 6.7
Luminosity 6.6
Drell-Yan background 6.6
QCD scale ng- (myyv) (uncorrelated component) 6.5
Remaining systematic uncertainties 6.5
All systematic uncertainties 8.1
No systematic uncertainties 6.5




