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LHC: delivered Tuminosities

« LHC performance beyond expectations! %35;_ATLASOnIine Luminosity E
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Collisions at 40 MHz,
e events recorded @ ~300 Hz,
%Y ~90% used for analyses

1 EXPERIMENT

nt Nur

Multiple collisions per LHC
bunch crossing (~20 in 2012)

Experimental conditions
beyond detector design
capabilities

Clean signatures: leptons
(e,u) and photons

Increasingly difficult:
(b-)jets, taus, missing
transverse energy
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| Collisions at 40 MHz,
events recorded @ ~300 Hz,
Specns | ~90% used for analyses

Multiple collisions per LHC
bunch crossing (~20 in 2012)

Hadronic
Caolorimeter

N - Experimental conditions

e dashed tracks .

S are invisible f beyond detector design
euvinno ¢ etector T
; S capabilities

Electromagnetic .

Colorimeter  Clean signatures: leptons

N (e,y) and photons
Trocking Tr(::clko:ron ‘;:Z:_)_ - :I"
Pixel /SCT detector /’E;'_A :;\

Increasingly difficult:
(b-)jets, taus, missing
transverse energy
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Marumi Kado

3 Air-core Toroids

Sub System ATLAS
=
Design
Solenoid (within EM Calo) 2T Solenoid 3.8T
Magnet(s)

Calorimeters Inside

Inner Tracking

Pixels, Si-strips, TRT
PID w/ TRT and dE/dx

opp /DT ~ 5 X 10~ 4pr @ 0.01

Pixels and Si-strips
PID w/ dE/dx

opp /T ~ 1.5 X 10~ 4pr @ 0.005

EM Calorimeter

Lead-Larg Sampling
w/ longitudinal segmentation

og/E ~ 10%/vVE @ 0.007

Lead-Tungstate Crys. Homogeneous
w/o longitudinal segmentation

og/E ~ 3%/VE ®0.5%

Hadronic Calorimeter

Fe-Scint. & Cu-Larg (fwd) z 11)Xg
ocg/E ~ 50%/VE & 0.03

Brass-scint. 2 7Ag Tail Catcher

og/E ~ 100%/VE & 0.05

Muon Spectrometer System
Acc. ATLAS 2.7 & CMS 2.4

Instrumented Air Core (std. alone)
opr /PT ~4% (at 50 GeV)
~11% (at1TeV)

Instrumented Iron return yoke
opr /T ~ 1% (at 50 GeV)
~ 10% (at 1 TeV)

Bruno Lenzi (CERN)

Higgs physics and experimental results

21-25/10/2014



Track 27,
pt= 0.51
| eta=-0.078
\ phi = -2 477\

CMS/Expenment at LHC, CERN

Datal retorded: Sun Oct 2 03:37:08 2011 PDT
Run/Eyent: 177719 / 636545915

Lumgection: 647
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Techniques: particle-flow and

—

S~t;"‘-~ N

« Particle-flow: combine the information from several detectors

- Can improve resolution and pileup rejection

* Isolation: activity around the particle

 Leptons and photons from H, W, Z decays vs. jets

neutral .
hadron !

&
.
¢

n

particle-flow

detector

HCAL
Clusters

background efficiency

CMS Preliminary Vs=8TeV, L=5.11b"
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The Standard Modelat work

Oyotal [PP]
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ATLAS Preliminary

1
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iggs boson produced every 1019

events ...and many others look-alike
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

proton - (anti)proton cross sections
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The SM Higgs bosomat the LHC? <

Production mechanisms Decay modes

Gluon-fusion Vector boson fusion (VBF)

g /qy/
’a% R
w2z

—

1
¥ X
1

Higgs BR + Total Uncert [%]
Q

T TTTIT k‘_k IIIIIII_
N
| | IIIIII|
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LHC HIGGS XS WG 2013
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W,z
600 ' \
q

Associated with W / Z Associated with tt (or bb)

H , I 1
q ' :
w*z* ,
/ MM/\:\
104 Lo [
— 80 100 120 140 160 180 200
q My [GeV]

‘ . Maln channels (bosonic): H — VY, H — ZZ* — 42 H —>WW* — Eva

o
ro
|

-
o
w

'+ Fermionic modes (associated production): (VBF) H = T, (W/Z) H = bb ,

. Raredecays:_H — Zy, H = py
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H - yy

* Loop decay, low BR ~ 0.2% 1(Z) VW ()

+ Simple topology

- Two isolated energetic
photons

* ...requiring excellent
performance

- Large backgrounds
(excellent y ID)

- Signal: narrow peak

(good mass resolution) &’\ AT L A S

— A EXPERIMENT
| o(Myy)

Run Number: 204769, Event Number: 24947130

-

Date: 2012-06-10 08:17:12 UTC
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+ Challenges:
 Energies from few GeV to TeV Primary Y
 Trigger capabilities

- Precise position meas. (n, ¢)

- Jet rejection factor ~104

- Important characteristics:

+ Shower containment (> 20 Xo)

« Good uniformity and stability vs.
time and pileup (rad. hardness)

Simulated EM
Schema of EM o n ATLAS
- Fast signals and low noise shower development SHOWET .|n
calorimeter

* Fine segmentation
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ATLAS EM calorimeter

Lead - liquid argon calorimeter

- High stability, radiation hard

Accordion-shape electrodes I e w.

<
s 144
.....

 Fast extraction of (ionization) signals
without cracks

 Energy resolution (fsampling ~ 20%): S L s
v 10 0.2 GeV
CE _ % D “Y 50.7%
E E(GeV) E

Fine lateral segmentation, 3 layers in
depth (+ pre-sampler)

» Strips of ~4mm in n to reject n® — yy

- y direction (“pointing”)
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CMS EM Calorimeter—

- Lead tungstate crystals (~75k)

+ Dense (22-23 cm long) and small
Moliere radius (~2-3 x 2-3 cm)

- Scintillation light (few ns)

-« Sensitive to temperature
variations and radiation

 Homogeneous calorimeter,
exceptional energy resolution

2. 1
op _ V28% 016GV
E  E(GeV) E =

Higgs physics and experimental results
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Photon identification

thanks to Jamie Saxon

Goal: high y efficiency, jet (m® — yy) rejection factors ~104

H—vyy Y% y jet di-jet | Y
| |||||||‘ |||||||| |||||||‘ |||||u] |||||u] |||||u] ||||uu| ||||||||| ||||||||| ||||ud ||||m‘ |||||u]
102 107" 1 10 10% 10° 10* 10° 10° 107 10® 10° 10"
cross section [pb]

Second Layer i :

* No hadronic activity

VS

* Narrow showers

* No second maxima

]—[O
I
—
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Material in front of calorimeters

Large amounts of material in front of the calorimeter from tracker and services

o 3 T TT | T TT | LI | T TT | IIIIIIIIIIII | T TT | LI | LI
X< - _ ]
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o5 CITRT _‘
n I SsCT ’

B B Pixel N
2 []Beam-pipe —
1.5 -
arXiv:1407.5063 u ]
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+ cryostat!

arXiv:1306.2016
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Material in front of calorimeters

Large amounts of material in front of the calorimeter from tracker and services

- Photons convert to ete” (which open in B field), bremsstrahlung for e*
« EM showers start earlier and become wider in the calorimeter

- Some energy is lost in front

ECAL
surface

out of
Cluster

“ElectronCluster

X
front energy

‘;a,; Extrapolated
BremClustert - track tangents

i s,‘h

\

@/
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Energy measurement”

A. Correct for non-uniformities (inter-calibration, time-dependence, ...)

« ATLAS: stable over time (0.05%), CMS: E-flow, m%/n — vy, E/p, laser monitoring
B. Correct for Ecalo < Eparticle

- BDT using E, position, shower profile, conversion info, trained on simul. data

C. In-situ calibration using resonances like Z — ee

- Estimate of energy scale uncertainty and resolution (for Et* ~ 40 GeV)
X ‘IIOS

| - I T T I T T I T T LI} I LI} I LI I LELEL I > T I T T T I |||||||||
-'9 105 .............................................................................. frrrrereeeeeee e — Mean 114 O - .. NN 110 corrections
O | CMS Ns=7TeV L=4981b' . ECALEndcaps | [|RMS  oo0ss]{ (g 18 CMSPreliminary 2012 t
HG_J — } - LO 16 - s= 8TeV, L=19.6 fb-1 |'| ~<= Intercalibrations (IC)
— B H H - o — /
© k... 8. Y S 1 : Fis -
8 1 Ol ) %mig M" ?mm‘-ﬁ ; 14: === [C + LM corrections
a - 7 © 12 ECALendcap
L . o -
0-95 Y - L - = o S e LLI 10:_
. 8
_ 6
09 e, ¢ L
—e— W|th LM correction : N 41
[—o— W|thout LM correctlons - 5 -
— 1 / LM correction ; 7 -
085 ................... T I.II ....................... I ........... e — o I_ 0 o e, . ! -
02/05/11 02/07/11 01/09/11 0O 20 40 60 80 60 80 100 120
Date (day/month/year) Entries M, (GeV/c?)
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H — yy: invariant mass reconstrti¢

8 TeV
- Energy and impact points from calo 2 CMS H—yy (m, =125 GeV)
o Simulation <PU> = 21
\ 1_""'"""""'""'""""""""".';'i'-
« LHC beam spread (~6 cm) would add il I
1.4 GeV smearing — vertex located using: " ™f :
. . . Ee 0.8 ;_ y = True vertex efficiency -
* Longitudinal segmentation of 5 oiF . Average vertex
Calorimeter (ATLAS) § : probability estimate
0.6 = —
- Conversion tracks 0.5 k]
p; (GeV)
- Tracks from recoil / underlying event = 19— e —
I 8 - ATLAS Simulation —e— True vertex .
I_&.'S 1 8_— (s =8TeV —H5— Selected v.ertex. B
- . e o . - H = yy, m, =125 GeV —¥— Photon-trajectories .
Resolutio i = -
‘dominated by ok | 0 .
— — 1.6 . =
L \ _
1.5 Y =
- )z A R T T e s 500
p!" [GeV]

Bruno Lenzi (CERN) Higgs physics and experimental results 21/10/2014 20



H — yy: analysis strategy

 Select clean yy sample (purity ~75%)

* Reconstruct myy

 Split events in categories

« Improve sensitivity

- Resolution and S/B vary with e.q.

« Access to production modes
 Leptons and jets for ttH
- W/Z = £, vorjets

- Forward jets to tag VBF

N

Events / GeV

tiH leptonic
ttH hadronic
VH dilepton
VH one lepton
VH Emiss

T
VH hadronic
VBF tight

VBF loose
Forward - highpTt

Forward - low P,
Central - highpTt
Central - low P

AL L
- ATLAS

-y v+ DY
[ [Ldt=20.3fb", (s=8TeV

5000

=~jJ

.’!-?-II

4000

3000

2000

1000

O 01 02 03 04 05 06 0.7 0.8 0.9

1

Fraction of each signal process per category
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H — yy: a look atthe data

How to extract the signal”? How significant it is®?

19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)

> ><103_
Q) L
0] - CMS Sum over all classes
< 1o H—=wy
N ¢ Data
E L — S+B fits (sum)
() 8
> N e B component
LLl - B <16
6:_ """ +20
4
oL B =114
- m,=124.70 = 0.34 GeV
OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
> _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
()
G 200 B component subtracted
~~
i
c 0
()
i
-200 }
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

100 110 120 130 140 150 160 170 180

m,. (GeV)
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A . | A4 =
\\\ /7 A LI
‘.j‘.‘ ’ " 2 7

H — yy: profile likelihood rati-of—:f‘;-!.,' ~

How to extract the signal”? How significant it is®?

- Likelihood function (model of the data):

19.7 o' (8 TeV) + 5.1 b (7 TeV)

> x103_
, 8 i CMS Sum over all classes
observable nuisance parameters @ oL H-w s Dota
\ \ % ol S+B fits (sum)
CZ(M, (9) — H fslps(m,y,y; 6) -+ (1 — fs)wb(mw; (9) it i - z‘;omponent

-e- 220

events 6

signal, bkg pdfs i

o o=1.14702%
- M, =124.70 = 0.34 GeV

parameter of interest (signal strength):
U = 0/Osm («fs)

Events / GeV

Claim a discovery when p = O rejected (at 50)

100 110 120 130 140 150 160 170 180

m,. (GeV)
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H — yy: profile fikelihood ratio—7

How to extract the signal”? How significant it is®?

- Likelihood function (model of the data):

19.7 6 (8 TeV) + 5.1 fb" (7 TeV)

Z(Ma ‘9) — H fsws(mW% 6) - (1 - fs)wb(mwfﬁ ‘9) > X103: CMS
events (\5 ol H— vy Sur: ov;artaall classes
- Profile likelihood ratio: g of -
L(u,0,) & maximized with p fixed o
qu = —210g = 4b
Z (1, 0) & maximized with u free L
o M =114 g%

- M, =124.70 = 0.34 GeV

Events / GeV

180

110 120 130 140 150 160 170
m,. (GeV)
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H — yy: profile fikelihood ratio— 7

How to extract the signal”? How significant it is®?

- Likelihood function (model of the data):

19.7 6 (8 TeV) + 5.1 fb" (7 TeV)

Z(M’ ‘9) — H f8¢5(m773 6) T (1 — fs)wb(mwfﬁ ‘9) > ><103: CMS
events (\5 ol H— vy Sum over all classes
) A ¢ Data
+ Profile likelihood ratio: g ol . seomen
~ 61— e 220
. L(u,o A :
q, = —2log (Iu: F)aOSMSM il
Z(f1,0) - i =114%02
« Asymptotic approximation: [ My =124.702 034 GeV
Z(0;0,-0) 0\ g
g = —2log 2\ 0u=0) __ (ﬁ) _ ;
Z(f1;0) o £
it
(but,EL<()—>q0:O)

10_0 110 120 130 140 150 160 170 1_80
m,. (GeV)
Equivalent to: Ax? = x* — x2...,
(with 1 d.o.f
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H — yy: a look atthe data _

Zobs | Lexp % Enhancing the signal with

ATLAS | 5.2 | 4.6 | 1.17+£0.27 weights from the categories
CMS 57 | 5.2 | 1.1470:26

19.7 b7 (8 TeV) + 5.1 b (7 TeV)

> [ T | T T T T | T T T T | T T T T | T T T T | T T T T ] x1 03_
G 180~ fLdt=451b" {s=7TeV ATLAS — % . CMS ,
~ - p ] 35 S/(S+B) weighted sum
P - [Ldt=203b", Vs=8TeV - G SO9F -
£ 160— —¢- Data —] g C Y 5
=2 > S/B weighted sum , Z N ¢ ata
g : , — Signal+background _| n 3 Re . .
= 140 Signal strength categories — 'E C —— S+B fits (weighted sum)
2\ ~ ===+ Background T ) o5 e B component
120/ — Signal — s ™S\ = o
- = 125.4 GeV Z F TN e 20
100[— N Mr © - g 2t
o 7] b -
80— - D 15
- T ] o C
60— T = 1 - - _ +0.26
— - a - W= 114 5%
40— —] + 0.5 ﬁ'lH =124.70 = 0.34 GeV
- a 2 -
20__ __ \\-/ O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
| _ U) T T T 1 | T T T 1 | T T 11 | T T T 1 | T T 11 | T T T 1 | T T 171 | T T T 1
oF N . 200 - -
2 = ' ' = | B component subtracted
0 - -
g F E 100 - } .
= s | 3 - tot f
2 0
2 o H 4
g P4, 40t ¢ - $t -
S LR 100 :
w 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

70 20 730 740 50 760 110 115 120 125 130 135 140 145 150
m,, [GeV] m,. (GeV)
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H— ZZ* - 48

. 0XBR ~2.9fb @125.5 GeV

- “Golden channel” but very small rates pr of the 4 leptons
- 0.1 pererr—— pereepprp——— —_—
-
o pré H—=ZZ"—4p
. BR(Z — 28) ~ 3.3% 0.08f i my = 126 GeV ~
F L L PT '} Before the selection _§
. ' Toy - 0.06f i % - i
Need very high efficiency for e and p ¥ T oz W Atter the selection | —
Pati Y O
down to low Pt (~5 GeV) 0.04f | T 2
1 i pr' Z
0.02f} | " ?
0 5 L
1 OCIIVISI T T T T T I@I=?TeV,L=19.7f?-1 O 60 80 100
o r | ] pT[GeV]
QC) - :é:ifi é : > T T T T — T T T T T
§ 0.9 —— ? . % 1:— =0:=§=._%_—:
TR SR, [ S 0.98* ity -
0.8 B “ 0.96E ATLAS -
- :+: ’ E -ZMC =Jhp MC E
07:——«»— _: 0.94; 1 = S --Z Data +J/h Data_:
i i 092 ~el | Vs=8TeVv -
0.6 n - 05 Chain 1 CB + ST Muons ]
g 7oe 0.9 o L=2031b" —
0.5‘_ ; 0.00ZInIzO.SO ] :‘ 2 4 N .6‘ . 8. L ‘O 1 <I|1’]|‘<‘25‘ .
- . ?gg < ::]]: < ;gg i (23 1 .04l R, R e _
- o 2.00 <Ml <2.50 ] = 1‘ i +’ .
L1 I I I L0 | I i e —O— O OO0 O e * ° . ]
0477770 20 3040 100 200 2 o_ggjﬂt&{._f ___________________________________________________________________________________________________________________________ .
Electron p_ (GeV) 20 40 60 80 100 120
! p, [GeV]
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H— ZZ* - 48

« “Golden channel” but very small rates

N L ATLAS
. . . / - — ; r'l o Faifad ok
- Signature: 2 pairs of oppositely oo Tt \
charged, same flavour leptons & N
s34 | ‘h“#‘*
* Leading m¢; close to mz . < | I I

4.'* -g-

* Narrow peak (Oms¢ ~ 1.6-2 GeV) on
top of smooth background (S/B ~ 1)

« Main backgrounds:

irreduzibel, ZZ(%) _+ reduzibel, Zbb

from NLO MC normalized from control regions
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H — ZZ* — 4¢: atookat the data’

Handful of events but clean peak!

80 L | T T 1 | T T 1 | T T 1 | L T T 1

> C ] CMS \s=7TeV,L=51f";Vs=8TeV,L=19.7fb"
) B * Data 7 > T | T T T T T ]
0, 5 ATLAS E o 35F . Dat e ]
o NEnzz oy Eseameweviian 7 F |:|mi=a126 GeV E:i D > 05 ] ]
>~ 60 - Vs=7Tev det=4.5 o I seckgound 22 4 ™30F C12y*,ZZ © F E
-E-) B § - Background Z+jets, i 7 —~ u n BB Z+X 210k 1 -
(- - @=8Tevadt=2o.3fb 3 7] 4(2 B GC, ok El
() - %//% Systematic uncertainty T C 25 - Lﬁ s 1 -
o O0F - O N 5 1 -
L - ] = 4k El
40 — + _| LLI 20 [ 2F 3 .

- / . n 1l 0==570 120 130 140 (1650\/) Z

B Z ] - m,, (Ge B

30 — 15 :_ i || | -

: : 3 ) E

201 E ] T :
10[- 2 sp Tl i Uil o :

g d VS R i ||

100 200 300 400 500 600 80 100 200 300 400 600 800

m,, [GeV] m,, (GeV)
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H — ZZ* — 4¢: atookat the data(z

R

m)

CMS \s=7TeV,L=51f";Vs=8TeV,L=19.7 fb"
> _IIII|IIII|IIIIIIII|IIII|IIII|IIIIIIIIIIII_ > _I|III|III|III|.III|III
8 35 ATLAS ¢ Data = 8 35:— Data g
Lo CH 77 4y |:| Signal (m, = 124.5 GeV j = 1.66) N : .Z+X .
S 30 - \E:?TeV:JLdt=4.5 o B 5-cioouno 7 - ; 30:_ ) B
n B s J‘ § - Background Z+jets, tt _ E ~ ZY ’ZZ -
gt - Vs=8TeV: =20.3f - B 7
GC) 25 = 8 TeV: | Ldt =20.3 b 7////% Systematic uncertainty —] L%) 25 :_ mH=1 26 Gev_:
T . - -
20 - 20 -
- ¢ - . ? ’
15F - 151 -
10 - = 101 —
5F H H 5i—
0 0 '
80 90 100110120130 140 150 160 170 80 100 120 140 160 180
m,, [GeV] m,, (GeV)
S+b
s/b expected observed Channel 4e 2e2u 4u 4/
4 1.7 9.80 + 0.64 14 Z7 background 11+01 32x02 25*£02 68=x03
DS Z + Xbackground 08+02 13+£03 04+£02 26404
2e2u 1.5 6.72 £ 0.43 9 Allbackgrounds 1902 46+04 29+02 94+05
2u2e 1.5 5.24 +0.35 6 my = 125 GeV 30+04 79+10 64407 173+13
de 14 475+ 032 ] my = 126 GeV 34405 9.0+11 72+08 196+15
Ob d 4 13 8 25
total 1.6 26.5+ 1.7 37 bk
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H— ZZ* - 48

® . . ' —
Full event kinematics! 5 ATLAS
E! HoZz* >4 ¢ o= -0.1
- Discriminant against ZZ* background y | e E
Improves sensitivity o 1 “I _____ 1 +0.08
an i o ®: |
: |-
- 5 angles and 2 masses to measure spin/CP 0.5 15!1,": 1 * 1006
:. .:..ll.:.. .. |
OF  ® i ®ifiii o 004
i s a® g @ 7
Zobs Zeajp //l/ E ® .’q.:::... ° ;
ATLAS | 8.1 | 6.2 | 1.447733 05 ] 002
I - L Y i ]
CMS 0.8 6.7 O.93f8'%2 ey e S B {
: 110 115 120 125 130 135 140
m,, [GeV]
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Higgs mass measurement

Known to ~1% at discovery, ~0.3% now

19.7 fb' (8 TeV) + 5.1 b (7 TeV)
| T T T T | IIIIIIIII

- H — yy: systematic uncertainties from QC% - CMS + Combinec
o

energy scale o oL Preliminary + H—yy tagged
. :H%YY+H%ZZ + H— ZZtagged

- e — y extrapolations, non-linearities 1_5:_ i
- Huge effort to reduce by factor 2-3 1_03_ R
- H — 4{: dominated by statistical uncertainties 055_ _

- Compatibility: 2.00 (ATLAS), 1.60 (CMS)

i | | | | | | | | | | | | | | | | | | | ]
0'923 124 125 126 127

- Shifts in opposite directions my, (GeV)
ATLAS CMS
H — vy 125.98 +0.42 (stat) + 0.28 (sys) | 124.70 + 0.31 (stat) £ 0.15 (sys)

H — ZZ* — 4¢ | 124.51 +0.52 (stat) £ 0.04 (sys) | 125.6 + 0.4 (stat) £ 0.2 (sys)
125.36 + 0.37 (stat) +0.18 (sys) | 125.0379:25 (stat)" )12 (sys)

Combined
125.36 = 0.41 125.0310:37
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ATI_ AS Run 214680, Event 271333760

E, EXPERIMENT 17 Nov 2012 ©7:42:05 CET




- Signature: opposite-sign leptons (e,y) and large missing transverse energy
W- H W+

* Higgs is a scalar
* Leptons emitted with small A} 9 ‘ 9

 Limited mass resolution from v’s 9 9
« Transverse mass as main discriminant:
- momentum direCtion
mT p— (E —|— Emlss — ‘pie —|— E,ZIEHSS angular momentum direction =——

- Large backgrounds: WW, W+jets, top, Z/y*, di-bosons
* Mostly data-driven
- Data split according to jet multiplicity
- 0/1 jets: ggF signal, WW background

« 2 or more jets: VBF signal, top background
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H - WW* — evevratook at th

ATLAS Prelim. H—>WW#

Zobs | Zeap /io 22 \s=8TeV, [Ldt=20.3fb"
ATLAS | 6.1 5.8 | 1.087, 355 \s=7TeV, [Ldt=4.5fb"
+0.20
CMS 4.3 5.8 0.72_018 % 1000 + (a) an 1, eM+ee/MM
g ¢ Obs=stat
500 EMS 4.9 " (7 TeV) + 19.4 b (8 TeV) - ~ Exp=syst
-E i | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! | B .
f - -e- data - backgrounds my=125GeV § 500 L 0 W?/S
‘UE) - — H—=WW ew 0/1-jet - T - [ Misid
o 150 N bkg uncertainty 7 RV
> i i B DY
3 i ] : L Top
= 100 - 0 B
S i ] = ] (b) Background-subtracted
) I i Q)
= I ] =t I ¢ Nobs B ka
&; or - ~ I M Higgs °
(2}
%) i ] % 100
_50 I o by by by | O
20 100 150 200 250 T
50 100 150 200 250
m; [GeV]

m- [GeV]
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ATLAS Prelim. H—=WW#

¢ Obs=stat
— Exp=syst

(a) n;=2VBF
cross-check

N
NN
NN

HVBF

BH_

B MisSid+VV
[ Top

B DY

B ww

7

0g 0.5

o

<0.1

<0.1 ° o

o ¢

+ Observed \s=8TeV, [Ldt=20.3fb"
—— 68% CL Observed > _
---- 95% CL Observed 15 8 8 B
o i
> ef
> i
10 S I
o Ar
: 2p
= 0
| — i @ 2000
0 120 140 160 0 '—;
m,, [GeV] S
| | 1500
- ATLAS: VBF signal enhanced using BDT
- 3.20 observed (2.1 expected) 1000
« CMS VBF: 1.30 observed (2.1 expected) o

150
m+ [GeV]
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Run Number: 209109, Event Number: 86250372
Date: 2012-08-24 07:59:04 UTC
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-+ Challenges:

« Hadronic T identification

* M reconstruction (v in final state) = om ~15-20%

« Decay products ~ collinear

- Backgrounds from Z, W+jets, top, multijets
(mostly estimated from data)

* e.g.: Z —~ t1fromZ — pp in data, replacing

U by simulated T

- Exploit “associated” production (split by N-jets)

- VBF, W/Z H, boosted ggH

0.1% others

T decay

Efficiency: ~60%

mis ID: ~1%
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H — tT: a look at'the data _

Zobs Ze:r;p H
ATLAS | 45 | 3.5 | 142777353

CMS 3.0 3.7 | 0.78 =0.27

£ 1 04 | e e e s e et B B B CMS, 4.9 fb" at 7 TeV, 19.7 _fl:_)'1 at8TeVv
f - —*— Data = > [ L 42) _ SM H(125 GeV)>tr
..(L) E |:| Background (u=1.4) E 8 2500 '_ MTh’ ETh> TnTn> E1 22 Egi: ;::::(ti::tuynd
CIC) s Background (u=0) 1\— i 20 z }
Lﬁ 10 : L, I 025 u=1.9) g . - . 0 _ i{.—[—:_!_' |
2 H(125)>tr (u=1) ] £ 2000 it
- i S, - -20f \ .
21 _ = B
1 O g § 'c 1 500 C _400 s .1 Olo. s .260. - .3(1)0. —
i ] 8 B m.. [GeV] .
¢ i = . o e ~ SMH(125 GeV)>tr
10E H—s1t | ) 1000 [~ —e— Observed -
: Z - 0 I Czw ]
- ATLAS Preliminary . = _ O« i
- Z s I . . — B [ Electroweak 7
. Vs=8TeV,20.31b 1 e 500 [ ] aco .
15 V\s=7TeV, 451" = O i & ]
- ] ~— L -
L T S T i i s T i s s B W = ~ 0 1 1
-4 -3 -2 -1 0 1 /p) 0 100 200 300
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log, (S /B) m, [GeV.
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@ATLAS

EXPERIMENT

(W/Z) H - bb

http://atlas.ch

Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

Run: 207620 | \\

41



(W/Z) H - bb

Huge backgrounds from QCD

 Associated production with W/Z decaying to leptons and neutrinos

- CMS Simulation — Nominal -
s=8TeV o: 15.8 GeV (13.2%]]

— Regression ]
c6:12.4 GeV (10.0%)/

—k
\]

2 b-tagged jets (displaced vertices)

— Z(I'T")H(bb), pi > 100 GeV

Mbb resolution ~ 10%

Events / 2 GeV

o
o

Split events in P1(W/2)

0.6 s

- Boosted topologies, enhance sensitivity 0. 4:_ -
 Backgrounds: di-boson, 02  f s
W/Z+jets (heavy flavour), top, multijets - ff-" Ny ]
O 1 [ L1 L1 [ [ e

60 80 100 120 140 160 180 200
m(jj) [GeV]

Discriminant: BDT
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(W/Z) H - bb: atook at the data”s

Zobs Zexp X
ATLAS | 1.4 26 | 05204

CMS 2.1 2.1 1.0x=0.9

-cMS o Data

Q407

S 10

% 108 E- Vs= 7TeV,L=5.0fb" B vH
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c = —
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% C |A|TLA|S| L B N S B B B B _I._batla 401|2 LI N 103 %%2\% Background uncert.
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Rare decays: H=Zy = £y, H=fip ©oX BR ~2.31b (-5 )
: . e

 Clean signatures
- Leptons and low-Et photon / opposite charged muons

* Low signal yields and large backgrounds, modeled by analytical functions
« Z+Y (~80%) and Z+jet (~20%) / Drell-Yan (~95%)

« Limits @ 95% CL, mp=1255GeV: u=10 /pus=s7

CMS (s=7TeV,L=5fb'Vs=8TeV,L=19.6fb"

> 10I|III|III|IIIIIIIII|III|III|III|III|I
N o 10 -4~ Data %% MC (stat)
1600 |- _e— Data H—2Zy CC\DI 10° I\F\TLAS mzy [ Wz/izz/wy
- —— Background Model Ny s=7TeV - 1 Ot B ww
R _Signe?lm =125 GeV x 75 @ 10° @=8T_er L= B singeon 2w
- H qC> 1 07 H—u*w [C] H[125 GeV]
% 1200 - o ]
(O] C L 10
o 1000 5
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:>j 600 | 10° = ,
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