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~ i Integrated luminosity in 2012

Integrated luminosity recorded in 2012: ~22 fb-1
2011: L=~6 fb-

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
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Total delivered luminosity: ~30 fb-
Total recorded luminosity: ~27 fb-!

Excellent LHC peformance and very high data-taking
efficiency of the two detectors
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A 3-year long sprint....  cwmsasexample ..

e

Ch. Sander

CMS Integrated Luminosity, pp
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New boson with a mass of ~125 GeV

*\We have discovered a SM-like scalar boson with a mass of ~125 GeV.
*JFPC  consistent with SM scalar boson, couplings will need more data.

CMS preliminary
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The new boson is consistent with
being the SM scalar boson

Facing the Scalar Sector, 31/05/2013
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Events - Fitted bkg
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CMS

LHC and HL-LHC
LHC 50000 o HL-LHC
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LHC after LS1

from http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html
1000

ratios of LHC parton luminosities:
14 TeV /8 TeV and 33 TeV /8 TeV
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We are about to explore a new territory!
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~ 1}, Detector and trigger challenges ?

* Need detectors and trigger with high performances from low
to high energy scales

— 125 GeV SM-like boson measurements
— Multi-TeV new physics searches

* Phase 1 Upgrade: twice LHC design luminosity

— Event pileup reaches ~50 collisions per beam crossing (@ 25 ns)
— Factor 5 increase in trigger rates relative to 2012 run

» Phase 2 Upgrade: 5x LHC design luminosity

— Event pileup reaches ~140 collisions per beam crossing (@ 25 ns)

— Need solutions to cope with very high rates (10-15 x 2012), radiation
and pileup

ATLAS and CMS were designed to cope with L= 1-2 x103* cm-—2s1

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 8
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Pileup in 2012

CMS Peak Luminosity Per Day, pp
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Event from special high pu run:
78 reconstructed vertices and 2 muons...

Rha Phi

L7 Table

Peak: 37 pileup events

Design value
25 pileup events
(L=1034, BX=25 ns)

Facing the Scalar Sector, 31/05/2013
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CMS

Upgrade challenges and recipe

Maintain low trigger thresholds, efficient particle and physics object reconstruction at
high rate and pile-up

AN
LAN
|

|
]
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TH HCAL

Need new technology R&Ds to: 2332?:3'-.: « detector> R
— Increase granularity .

— Increase data bandwidth
— Increase processing power argea i / |
— Improve radiation hardness ene Qame'ﬂow HH
— Minimize material in tracking devices

... 4

photon

Rhao =

Rha Phi

Event from special high pu run:
78 reconstructed vertices and 2 muons...

L7 Table [ w32 =
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~ |, Physics program priorities Q%
The discovery of a SM-like scalar boson at my~125 GeV
defines the physics priorities

« With LHC 13/14 TeV data until ~2022 (~300 fb-1)

— Measure SM-like scalar boson properties
e mass, J°¢
* individual couplings with 5-15% precision
— Search for new physics at a higher mass scale (new energy region)
« SUSY
* EXotics

+ With HL-LHC 14 TeV data until ~2032 (~3000 fb-')

— High Precision SM scalar boson measurements

— Study scalar boson rare decays and self-coupling

— Study VV scattering

— Characterize any New Physics discovered during Phase 1 at 14 TeV
— Search for new physics in very rare processes

ne»r=»
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~ 41 CMS upgrade program

LS1 Projects

* Complete Muon coverage (ME4)

* Improve muon operation, DT
electronics

» Replace HCAL photo-detectors in
Forward (new PMTs) and Outer
(HPD—SiPMs)

« DAQ1—-DAQ2
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LS1

Phase 1 Upgrades <

« New Pixel detector, HCAL electronics and
L1-Trigger upgrade

« GEMs for forward muon det. under review
* Preparatory work during LS1
- New beam pipe for pixel upgrade
- Install test slices of pixel, HCAL, L1-trigger
- Install ECAL optical splitters for L1-trigger

Facing the Scalar Sector, 31/05/2013

Phase 2: being defined now

» Tracker replacement, L1 Track-Trigger

* Forward: calorimetry, muons and tracking
 High precision timing for PU mitigation

* Further Trigger upgrade

» Further DAQ upgrade

LHC: future measurements and reach - Paolo Giacomelli 13
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Pixel and HCAL phase 1 upgrades

Outer rings

n=0 n=0.5 n=1.0 n=1.5

* Upgraded HCAL

— New photodetectors
— New electronics (frontend, backend)
— Improved longitudinal segmentation

— Improved background rejection, Missing E+
resolution and Particle Flow reconstruction

New 4-layer pixel detector Pixel

Upgrade
4 barrel layers

Current
3 barrel layers

/634321
HCALHO

\\\\%%%%\\\\\\\

16

2 - A Wn ——— — ——— —— ——

B . N U N VO VO W OO W W o |
I ", " W W, W W W W W S

HCAL - HB

HCAL
- HE
27
29

16 0
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Thursday, 13 June 13

ne»r=»



Expected Phase 1 improvements
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Facing the Scalar Sector, 31/05/2013
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ATLAS detector

25m
Tile calorimeters
LAr hadronic end-cap and
, forward calorimeters
----------- Pixel detector ‘
Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiatfion fracker
Semiconductor tracker
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 16
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CMS.

Prepare for: Phase 0.1

“Phase-0" upgrade: consolidation

V's = [3~14TeV, 25ns bunch spacing

Linse I x103% cm2s-! (u=27.5)
J Linse 250 fb!

ATLAS upgrade program

2009 20I0 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LS| Phase LII |LS?2 Phase II LS3

“Phase-I" upgrades:
ultimate Iuminosity
Linse 22-3 x103* cm%s™! (u=55-81)

[ Linse =350 fb!

4

“Phase-II"" upgrades:

Linse=5 x 1034 cm-2s-!

(U=140) w.leveling

~6-7 x103 cm2s-! (U=192) no level.

[ Linse 3000 fb"!

ATLAS has devised a 3 stage upgrade program

New insertable pixel b-layer
(IBL)

New Al beam pipe

New pixel services

Complete installation of EE
muon chambers

New evaporative cooling plant
Consolidation of detector
services

Specific neutron shielding

Upgrade magnet cryogenics
Facing the Scalar Sector, 31/05/2013

e New Small Wheel (nSW) for
the forward muon
Spectrometer

e High Precision Calorimeter L1-

Trigger

e Fast TracKing (FTK) for L2-
trigger

» Topological L1-trigger
processors

 New forward diffractive
physics detectors (AFP)

LHC: future measurements and reach - Paolo Giacomelli

Completely new tracking
detector

Calorimeter electronics
upgrades

Upgrade part of the muon
system

Possible L1-trigger track
trigger

Possible changes to the
forward calorimeters

From M. Diemoz 17
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MS

~ i From 2013 to HL-LHC

L]

 From 30 to 3000 fb': two orders of magnitude extrapolation in
luminosity

To calculate physics projections at HL-LHC

Similar trigger and
reconstruction peformances as
in 2012

Need upgraded detectors to offset the much harsher LHC
conditions and radiation damage

ATLAS and CMS have launched a comprehensive upgrade program

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 18
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CMS S

~ Il Scalar boson projections after LS1 %

Approaches adopted for physics projections

e ATLAS: perform physics studies using fast simulation to mimic
the beam effects on momentum and energy resolution,
acceptance, identification and reconstruction efficiencies, fake

rates, etc.

e CMS:. assume that an upgraded detector will compensate the
effects of the higher pile-up, using three different scenarios:
- Scenario 1: all systematic uncertainties are kept unchanged

with respect to those in current data analyses
- Scenario 2: the theoretical uncertainties are scaled by a factor

of 1/2, while other systematical uncertainties are scaled by 1/3L
- Scenario 3: set theoretical uncertainties to zero, leave other
syst. uncertainties the same as in 2012

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 19
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CMS -

Scalar boson signal with 300 fb-1

N

%
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« Upgraded detector performances assumed the same as 2012 detector
* Three scenarios:

« Scenario 1: same systematics as in 2012

e Scenario 2: theory systematics scaled by a factor 2, other systematics
scaled by 1/7/L

* Scenario 3: same exp. syst. as in 2012, w/o theory uncertainty

CMS Projection

| I | | | | I | | | | I | | | | I | I | |
Expected uncertainties on 10fb"at f§=7and 8 TeV — 10 fb-1'. 7 and 8 TeV (Scenario 1)
Hi ' | st th tb'at f5 =14 TeV ’ _
1998 boson signal srengi K e - erovwomsanms. — | 300 fb™' , 14TeV (Scenario 1)
300 fb-1, 14TeV (Scenario 3)
Hovy % —++— |
H—oZZ } H H :
With 300 fb-1the
H—-> WW : — H | .. :
precision on the signal
LinduI = | strength is expected to
H—-bb | | | | be 10-15% per channel
| | | 1 | 1 I 1 | 1 | 1 | 1 | | | 1 | 1
0.0 0.5 1.0 1.5 2.0
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 20
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Scalar boson couplings @300 fb- Q%

e Three scenarios:

« Scenario 1: same systematics as in 2012

« Scenario 2: theory systematics scaled by a factor 7%, other
systematics scaled by 1/

« Scenario 3: same exp. syst. as in 2012, w/o theory uncertainty

ne»r=»

CMS Projection 300 fb"' at {s =14 TeV
B 1 1 l 1 1 1 I 1 I I I

CMS Projection 5 115 — | 6
| | I | | | | ] | | | | I | I | I I | | : //
Expected uncertainties on F— 300f"at 5= 14 Tev 110 .
nggS boson COUplingS [—— 300fb"at ys= 14 TeV w/ scaled sys. unc. B T
1.05} lo
K N
Y -
1.00-
Ky -
Kg 0'95:_ ........
0.90| e =" Full line: Scehario 1
Kb ; ’ S N Dotted line: $cenario 3
h | | 08— 10 i1
K. Cv
S With 300 fb-'the uncertainties on the
expected uncertainty  Higgs couplings are expected in the
300 fb-' 14 TeV, Scenario 1 range o (Ky )~ 3-6%
-1 1
300 fb-' 14 TeV, Scenario 2 o (K )~ 5-15%
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 21
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_ Il Scalar boson couplings @3000 fb-*

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
\'s = 14 TeV: |Ldt=300 fb"; [Ldt=3000 fo \'s = 14 TeV: |Ldt=300 fb"; [Ldt=3000 fb
det:BOO fo™' extrapolated from 7+8 TeV ILdt=3OO fo! extrapolated from 7+8 TeV
T T L ' " 1 UL | ' I — T 1 T 1 | I — | T
H—up | r,/T, -
ttH,H—)u!.l .......................................................................................... ]
I,/T,
VBREH-tt G  Precisionon 0 " - 00000000 _
H— ZZ /T,
VBF,H—> WW r,/T, me
ewees 0099|9090 _Precigion on
VH H r,/T, | ~ scalar|boson
Y N - partiall widths
ttH,H%'Y'Y ............................................................................... FW/FZ
VBEHoyy mmmmms T B e |
Y_Y ............................................................................... r,/T,
Hovw () @ S TSNS W—— S
0O 02 04 06 0.8 0O 02 04 06 038
Ap A(FX/FY) 2A(1<X/1<Y)
H I\ /T Ky/ Ky

« With 3000 fb-1the couplings can be determined with high precision (a few %)

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli

ne»r=»

Thursday, 13 June 13



HL-LHC boson couplings @3000 fb- %

ne»r-=»

» Extrapolation by two orders of magnitude to higher luminosity

— Is subject to large uncertainties

— scenarios 1 and 2 provide likely upper and lower bounds

» Experience at LEP and Tevatron indicates that scaling with 1/4L is not unrealistic

*With 3000 fb-'the Higgs couplings
can be determined with high
precision (1-4%)

CMS Uncertainty (%)
Coupling 3000 fb—*
Scenario 1 | Scenario 2

Fory 0.4 1.5

Ry 4.5 1.0

Kg 7.9 2.7

Kp 11 2.7

Rt 8.0 3.9

K- 0.4 2.0

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli

Scenario 1: systematics as in 2012
Scenario 2: theory syst. scaled by a factor 72,
other systematics scaled by 1/7/L

23

Thursday, 13 June 13



Events /2 GeV

Data/SM

Expected 95% CL Limit o/0,,

Rare decays
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Facing the Scalar Sector, 31/05/2013
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CMS~
~}. Scalar boson self-coupling
‘ Destructive interference between the two diagrams
@666%6666@ ¢ L H 2 E -
ty - < ty At
oocooooseey H N R
g g t

Many channels to investigate.

Most promising ones:

bbW*W- (large BR but large bkg.)
bDYyy (clean but small BR)

bbt*t
bbu*u- also being considered
bbbb

NLO cross-section at myp=125 GeV:

Facing the Scalar Sector, 31/05/2013

o [fb]

)
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Taken from “Higgs self-coupling measurements at the LHC” by M. J. Dolan,
C. Englert and M. Spannowsky, JHEP 10 (2012 112.
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~ i Self-coupling

HH—)bbW

% 8 | | | | I | | | | | | | | | | | | | | | | | | |
(\D -~ ATLAS Preliminary (Simulation) __ HH—>bbyy .
9] i 4 ttH,H—yy 7]
qC) i JLdt=3000 fb Bz A
> O B i |
L . (H->Yy)bb _

B vob

B . i
4+ —
i |; After mpp cut -
21 J_|—L‘ —

1111“
o 110 120 130 140 150

m,, [GeV]

Events / 20 GeV

15

10

[ ATLAS Preliminary (Simulation)

- JLdt=3000 fo!

After my, cut

— HH—bbyy
ttH,H—yy
Bl Z(-bb)H(-vy)

B vvii
(H—vy)bb

Bl b |

4

ol
200

300
m . [GeV]

A sensitivity of 3o per experiment is within reach with L=3000 fb-"

Facing the Scalar Sector, 31/05/2013

LHC: future measurements and reach - Paolo Giacomelli

26

ne»r-=»

Thursday, 13 June 13



-} VV scattering: unitarity violation

N

¥

\ /

ne»r-=»

Vv v W
Y, Z
W
Vv
v S channel T channel
 w w
Without the SM boson, W* W-L—-W* W W WW
violates unitarity at Vs = 1.2 TeV o h
W §\NV\/\/\1W
W w )

W, Z masses (— longitudinal degrees of
freedom) arise from the BEH mechanism:

( 2 2 1))

N N 1 ) t
AW w; - wiw e —|ms— i —
Vol s—my t—myl

VV scattering is the smoking gun for EWSB!

Taken from “Prospects for VV scattering: latest news” by S. Bolognesi (JHU)
talk at Implications of LHC results for TeV-Scale physics (March 2012)

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli
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VV scattering as a probe for EWSB ?

VV Scattering spectrum, o(VV—VV) vs M(VV)

Is the fundamental probe to test the nature of the BEH boson or to find
an alternative EWSB mechanism

a(s) A | Agp<liTeV Asg>1TeV SM No-Higgs

SB sector SB sector strongly coupled Unitarity VIQJBTIOH
eakly coupled

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
"
*

BSM models predict TeV-

with a light scalar particle

*
*
*
*
*
*
*
*
*
*
*
*
*
*
.
*
*
*
*
*
*
*
.
A d
.
.
.
PS4
.®

other possible scenarios:

................................. eg, strongly interacting light Higgs (SILH)

lllllll

Search for possible resonances in VBF spectrum

Adaptation from “Boson Boson scattering analysis” by A.Ballestrero (INFN Torino)
talk at First LHC to Terascale Workshop (Sept 2011):

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 28
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CMS ] _ S A
|l VBF experimental signature %
Longitudinal plane Transverse plane

(1) (1)

/ = (1)

» tagging jets (1): large pr, large An  proton (2) -1
: . : 3
» few jets between tagging jets ( ),,
» final state (v/lv: oroton (2)__1
» leptons (2) between tagging jets 3)
» missing ET(3) . .
) Six fermion
From “Study of Vector Boson Scattering including Pile-up with the ATLAS Detector” f| nal State
by P. Anger (TU Dresden), DPG Friihjahrstagung Karlsruhe 2011
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 29
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CMS.

~ Il VBF final states ?

e According to the vector bosons’ decays we have a multitude of
possible final states. We can group them in:

e Fully leptonic

*pp—qq et (t=u.e) Clean
* pp—qq Ulv Can reconstruct myy (not with 2v)
e pp—qq Hvv Very low yields...

e Semi-leptonic

*pp—qgq jetjet tt Better yields...
*pp—qq jetjet tv Large backgrounds

Detector needs
Excellent lepton ID, energy resolution, hermeticity, jet tagging at high n

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 30
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VBF 292p candidate event

Facing the Scalar Sector, 31/05/2013

Run Number: 209109
Event Number: 76170653
Date: 2012-08-24, 08:31:00 CET

EtCut > 1.0 GeV
PtCut > 0.4 GeV
N \~' Muon: blue

" \ ° Electron: black
\ Cells: Tiles, EMC

pp—2e2 jetjet
in 8 TeV data

SVl = 1 B

/ —

VAN ALEIN B
rd./_- r-‘J_.,'_,_/ _»..\‘-x-

LHC: future measurements and reach - Paolo Giacomelli 31
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CMS~

- |i| VV scattering: fully leptonic

Only background VV+jets, very low xsec

Number of events for 20 b (fully MC based, no systematics, 14 TeV)

CMS ZZ->4e, 4 N signal |N back. ATLAS 77->212v N signal |N back.

500 GeV 2.2 1.9 500 GeV 6.4 3.0
>1 TeV 0.1 0.2
ATLAS ZW->lllv N signal |N back.
CMS ZW->UULY N signal |N back. 500 GeV 3 >
>1 TeV 0.9 0.8 1.1 TeV 1.4 0.4
Latest results:
> = T l .l I 1 l Ll I T l =
Example: ggF Higgs 300 GeV 2 hep-ex arXiv:1202.1415 ATLAS 1B~ 06
o121 * DATA 1S~ 10
- AL B B N N B N B B B B B B B L B B L B B N N B B B — Background
- - 1 % [ 777 Signal (m_=190 GeV)
o - =z e B~ 80 ATLAS 1 €10~ 2 Signal (m"=360 GeV) _
© S0 Wz S"" 200 l Lon 3 (T oIl Y Signal (m =520 GeV) -
= o . = I | 77 Systunc. 1* reso mgy as expected
op 4 8 1 HozzO—4 ]
o 14 TeV, 30 fbi: i ft=48f"  1° improved reco-id
__ ] : s =7TeV jefficiencies
20 L '—: 4_ _
b S . B .
- - : 1 (eg ele ID: TDR time
ERN-OPEN-2008-020 N 2r - 85-90% -> today 95%)
800 220 240 260 280 300 320 340 360 380 40 of_L T 1 e
my [GeV] 200 400 600
m,, [GeV]
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 32
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_ il ZZ resonance
pp—ZZ+2j—4{+2j channel

0 240:LIA§IJ— ' ' I R A ]
2 = TLAS Preliminary .SM w1 ATLAS Preliminary sy -
E 2205_ (Simulation) E (Simulation) __
fgg;_ J Ldt=3000fb" | Neww 7777 | Ldt=3000fb" | Nenw
= =4 40 —
160 Ea $2Z2Z0 IE it
1402_ v (g=1.75) _; 30 v (g=1.75) —_
120 = -
100F- \/S=1 4 TeV = ]
80F 1 % B
60 E E -
40F- ATL-PHYS-PUB-2012-005 5 1O
20F = C
L1 I I r 1 1 ]
O 05 1 15 2 25 3 35 4 45 5 0.2 0.3 04 0.5 0.6 1
leading m, [TeV] my, [TeV]
model 300/ b~"  3000fb°
Mresonance = 300 GeV, g = 1.0 240 750
Mresonance = 1 1€V, g = 1.75 1. 70 550
Mresonance = 1 1€V, g = 2.5 3.00 040
Sensitivity to anomalous ZZ resonances in Vector boson scattering
Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli 33
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ATLAS SUSY Searches* - 95% CL Lower Limits

SUSY

Situation today

ATLAS Preliminary

Status: LHCP 2013 J-Ldt =(44-207)fb" 1s=7,8TeV
Model e,u, 7,7 Jets ET _[Ldt (b Mass limit Reference
MSUGRA/CMSSM 0 2.6 jets Yes 203 |&@ ' 18TeV mig=mig) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1e.p 4 jots Yeos 58 mQemig) ATLAS-CONF-2012-104
MSUGRA/CMSSM 0 7-10 jets Yes 203 |@g 1.1 TeV ary m(Q) ATLAS-CONF-2013-054
a9, 9-q%° 0 2.6 jets Yes 203 |§ 740 GeV M) = 0 GeV ATLAS-CONF-2013-047
09, 9ol 0 2:6jots Yes 203 |g 1.3TeV M) « 0 GeV ATLAS-CONF-2013.047
Gluino med. * (g—qfx’) lep 2-4 jets Yes 47 mix?) < 200 GaV. mix ) = 0.5(m{xf)emig)) | 1208.4688
00-+aqqqny %’ 2e, 1(SS) 3jets Yes 207 |@ 1.1 Tev miz?) < 650 GoV ATLAS-CONF-2013-007
GMSB (I NLSP) 2e.pn 24 jots Yes 47 tang < 15 1208.4688
GMSB (I NLSP) 1-21 0-2 jets Yes 207 |@ 1.4 TeV tang »18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y 0 Yes 48 mz?) » 50 GeV 1209.0753
GGM (wino NLSP) 1e sy 0 Yes 48 miz?) > 50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 48 ) > 220 GaV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 03jets Yes 58 m(H) > 200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 10.5 mG) > 10 oV ATLAS-CONF-2012-147
= g—obbx' 0 3b Yes 12.8 mz?) < 200 GeV ATLAS-CONF-2012-145
§ E g-»t?i" 2e, p(SS) 0-3b No 207 g 900 GeV miz?) < 500 GeV ATLAS-CONF-2013-007
% 0 7-10 jets Yes 203 g 1.14 TeV miz?) <200 GeV ATLAS-CONF-2013-054
'S o—ﬂfi‘! 0 3b Yes t2a g 115Tev miz ) < 200 GeV ATLAS-CONF-2012-145
bl by’ 0 2b Yes 20.1 b, 100-630 GeV mE?) < 100 GaV ATLAS-CONF-2013-053
bp, bty 2e, 1 (SS) 03b Yes 207 |b, 430 GeV m!) = 2miz) ATLAS-CONF-2013-007
1t (light), t—by; 1-2e, 1-2b Yes <7 |%, 167 GeV miz}) = 55 GeV 1208.4305, 12092102
1, (light), t—Wbx 2e, 0-2jets Yes 203 |4, 220 GeV M) = mit) - m{W) - 50 GeV, mity) << m(z1)| ATLAS-CONF-2013-048
1L, (medium), t,-»by; 2ep 0-2 jets Yes 203 |{, 150-440 GeV miz?) = 0 GeV, mit.bm(z}) = 10 GoV ATLAS-CONF-2013-048
11, (medium), t, by, 0 2b Yes 20.1 1, 150-580 GeV miz?) < 200 GaV, mix: ypmix:) = § GeV ATLAS-CONF-2013-053
18, (heavy), 1,-.&3 1e 1b Yes 207 |4, 200-610 GeV mz$) = 0 GaV ATLAS-CONF-2013-037
18, (heavy), 1,1tz 0 2b Yes 205 E, 320-660 GeV ™) = 0 GeV ATLAS-CONF-2013-024
L, (natural GMSB) 2e,u(2) 1ib Yes 20.7 1, 500 GeV m@f) > 150 GaV ATLAS-CONF-2013-025
L, l,-ot,4z 3e.u(2) 1b Yos 20.7 i, 520 GeV mit,) = m(x%) + 180 GaV ATLAS-CONF-2013-025
lLAluR, l—olz, 2e, 0 Yes 203 |1 85.315 GeV ™) = 0GeV ATLAS-CONF-2013-049
gg !;_(, 1= (V) 2e.p 0 Yes 203 |7 125-450 GeV M) = 0 GeV. miL¥) = OS(mz}) + mz)) | ATLAS-CONF-2013-049
w x z,z,—g_rv[tv) N 21 0 Yes 20.7 1 180-330 GeV miz?) = 0 GeV, nuf.\';)-o.s(m(i:).m(i:n ATLAS-CONF-2013-028
t 1‘12" vl Itvw), IVILI(\'V) 3ep 0 Yes 207 3 600 GeV mix;)=mz2), m(x%) =0, mLV) = 0.5(mix;) + m{x%)) ATLAS-CONF-2013-035
Kiks” = W2 i 3e.p 0 Yes 207 5% 315 Gev MG }) = WEE3). M(Z?) = O, sleplors decoupled | ATLAS-CONF-2013-085
Direct 177 prod., long-lived i 0 1jet Yes 47 1<)!)<10ns 12102852
Stable g, R-hadrons 02e,n 0 Yes 47 1211.1597
GMSB, stable t, low B 2ep 0 Yes 47 5 <tanf <20 1211.1597
GMSB, 77 -+7GJlong ived . 2y 0 Yes 47 D4< 1Y) <2ns 1304 6310
1 qqu (RPV) 1ep 0 Yes 44 g 1 mm < ¢t < 1 m, g decoupied 1210.7451
LFV pp—sv; +X, V@4 2e p 0 - 48 Ay, #0.10, b, =005 1212.1272
LFV pp—v.+X, V. —el)+T lop+t 0 46 Ry 010, A, 50y 0.05 1212.1272
~ Bilinear RPV CMSSM 1e p 7 jets Yes 47 miq) = m{gh, €7 g < 1 MM ATLAS-CONF-2012-140
& 1%y i;_'wl& 1,°-.eev, epv, dep 0 Yes 20.7 760 GeV miz?) > 3300 GeV, A, >0 ATLAS-CONF-2013-036
i;i L= WL, 20 stv o0ty Jo.u+t 0 Yos 20.7 350 GeV mix?) > 80 GeV. A,y > 0 ATLAS-CONF-2013-036
9-+99q 0 6 jets - 46 1210.4813
g, ty-rbs 2e, 1 (SS) 0-3b Yes 207 |@§ 880 GeV ATLAS-CONF-2013-007
Scalar gluon 0 4 jets - 46 | sgluon ~ 100-287 GeV indl. limi from 11102658 1210.4826
WIMP interaction (D5, Dirac x) mono-jet Yes 105 I mdix ) <80 GaV, imit of < 657 GeV for D8 ATLAS-CONF-2012-147
1s =8TeV i
- - full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
LHC: future measurements and reach - Paolo Giacomelli
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SUSY

Summary of CMS SUSY Results* in SMS framework

LHCP 2013

§-aa7’

§-aa7’

o bbz°

G- t\iu

G- (o 117)
§- qa(x*- i’ 1)
§- qa(x*> Wi’ 1)
Tt )

- aa(@’ > v T)
§-qq (x,~ 2 )
- qa(X, o1 1% > Wi )
§-aa(x,~7x)

§— btwy®

gluino production

E d-ai’
> ~ =0
g G-ax
T- t'io
~ =0

s 5 . t—)tjg
% j—> b(x*— on)

To bt - Wx°)
g 5ob’ Ns=7Tev
§ S—)tWio
E XS VT
=2 02 ) . .
EI s CMS Preliminary . .
: i+i»_’ I‘I.VVZUio I I S a a a Ce
= o 0 e . I I l I l
m xtox i WZxo X o For decays with intermediate mass,

o ZoZ y ———— =

L~V Mhtermeciate = X Mginer” (1) My,
c ~ -0
2 1= 1% 1 1 |
K]
@

s s s s s s s s s s s s s s | s s
0 200 400 600 800 1000 1200 : —~
*Observed limits, theory uncertainties not included Mass scales [GeV] I n O S L e
Only a selection of available mass limits

Probe *up to* the quoted mass limit

Sijmmary of CMS RPV SUSY Results* LHCP 2013 StOp, SbOttomS ~200-6OO Gev
: Squarks, gluinos ~600-1300 GeV

r *

2
goalv A, Prompt LSP decays
g—dqllv 7»233

g— gbtu A'
231

g — gbtu A

233
~sJJ —4qaq A"
9—4qqqq A"

q— qllv 7‘122

d— qllv 7»123
q-— qllv 7‘233

g — gbtu A
231

d— gbtu A'
- 233
9, —ddaq A"

CMS Preliminary

|
0 200 400 600 800 1000 1200 1400 1600 1800

Oty & seretion of avesabie mes s Mass scales [GeV]
Probe *up to* the quoted mass limit
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SUSY reach at higher luminosity

;‘ 1000 1 ' L L L I LI L I L L L I T LI I 1 1T l L B B | l L I B | I L : />\ _[ |A|T|LIA|S| |P|r|eli|rrl|ir;a|ry| (|Si|rn|u||altio|n|) T I T T 7T o\o
8 900E- ATLAS Preliminary (Simulation),\s=14 TeV _f (GDJ 700 (s=14 TeV 503
l_;.- mmm 3000 fbo ' discovery reach ~ ~0 . . = g - arenns 3000 fb™!, 95% exclusion limit I
g 800 "8% 3000 f9'1 exclusion 95% C.L. -B - t+)&+(mz: >> ) T-lepton (a4 + jets = % 600} === 3000 fb", 56 discovery reach e 1 '%'
200 —5500 12 dlscoverY reach -1 -t — b+)(1 ( rTLtI . mif = 20 GeV): 2-lepton (eu)_f s E ______ 300 fb™!. 95% exclusion limit " A
t - bR, (> m):Ne-7TeV, 471 - o r 50O — 300 fb, 50 discovery reach R}
600 | -~ g swhe, — = N 3e-02 2002 1e-02 s
~ RUTTIRS "0," = u 40-02 30-02 2092510082 107! §
500 L“\Dx((\y ~ L“\&%‘ sinnmat l,"’ _E 400:— MﬁM‘:e-ozwoz \g
400 ﬁ/ “:‘,“(““ rres Ny, ',' - 300: 4';_0239_0229_02 "8‘
. % - - "’
- < . '," . 3 ~ ae_-g2_ge.-22~ 1e-02 %
300 ey g "0,. - = u 3e-02 26-02 T6.Q2, 10 o
200 "¢_ - _; 200 :— 4002 36-02 20-02 1e-02 I
100 “," :: _; 100 :_ 7601 4g:0f 2601 40-02 3002 2602 10-02 3?\5
0 i R Y B A B L WA B L Y Lo [ I"A [ -: L0 - o . 40'.0? 3'6-?2|29'-0? 1'6-?2 1 0'3 8.-
400 500 600 700 800 900 1000 1100 1200 100 200 300 400 500 600 700 800
m; [GeV] )'ZT and )'ZZ Mass (GeV)
Squark-gluino grid, m = 0. \s=14TeV
%‘ 4000-" ~ " " 3000 }‘f fljisc;verly reach’ —_! g
o = . 300 fb™' discovery reach _ :‘ ‘g‘
— B ® === 3000 fb exclusion 95% CL
o)) - L 4 — -2 . — _ — _
£” 35000 Lo sweninsna 12100 Gojng from L=300 fb-' to L=3000 fb"
2000k 11, the sensitivity to 1st and 2nd gen
: . = squarks and gluinos improves by
- Saa, 4 _| -4
2500 a=ns =10 _ -
B N "D = 400-500 GeV, while to stops by
2000:— —: <10° about 200 GeV
- ATLAS Preliminary (simulation) ] =
. . A __ -6
1 5002000 2500 3000 3500 4000 10
m; [GeV]
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SUSY reach at higher luminosity

LHC at 14 TeV expands the reach for SUSY particles to much higher
masses. (HE-LHC at 33 TeV does it even more)

As expected, the gain with HL-LHC is more modest (~25%) in this

case. B
|
EWKino H*
| |
Stops/sbottoms - ®HE-LHC33
"HL-LHC14
Squarks/gluinos \ _LHC14

Mass Reach, TeV

SUSY reach with 300 fb-'
EWKinos up to ~ 800 GeV
Stops,sbottoms up to ~ 1TeV
squarks,gluinos up to ~2.5 TeV

Facirﬁe Scalar Sector, 31/05/2013 "THC future measurements and reach - Paolo Giacomelli 37
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~ 11| EXxotics searches results

C M S EXOTl CA 95% CL EXCLUSION LIMITS (TEV)

g* (q9), dijet
g (@W)

q* (92

q*, dijet pair
q*, boosted Z
e’ ,N=2TeV
U, N=2TeV

Z'SSM (ee, uM)

Z’SSM (171)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM =01

G (Z()Z(qq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’— WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gQg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

Situation today

LQ1, B=0.5
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0

LQ3 (bv), Q=+1/3, p=0.0
LQ3 (bt), Q=+2/3 or +4/3, p=1.0
stop (b1)

Compositeness

b’ — tW, (3], 2I) + b-jet
q’, b’/t’ degenerate, Vib=1

0 1 2 3 4 5
: : b’ — tW, l+jets
N o
= o
| — 70
—r t’ = bW (100%), I+jets
— t'" = bW (100%), I+
—_—

| — C.I. A, X analysis, A+ LL/RR
S C.I. A, Xanalysis, A- LL/RR
d | C.1., py, deystructve LLIM
a’—' C.l., pyy, constructive LLIM
' ' C.l., single e (HNCM)
? C.l., single p (HnCM)
C.l., incl. jet, destructive
C.l., incl. jet, constructive

il |

| ——
) | Ms, yy, HLZ, nED = 3
J Ms, vy, HLZ, nED = 6
e | | . | Ms, I, HLZ, nED = 3
—— , T Ms, Il, HLZ, nED = 6
e B A | MD, monojet, nED = 3
— MD, monojet, nED = 6

MD, mono-y, nED =3

Contact
Interactions

4 5 MD, mono-y, nED = 6
gluino, Stopped Gluino MBH, rotating, MD=3TeV, nED = 2
stop, HSCP MBH, non-rot, MD=3TeV, nED = 2 : :
stop, Stopped Gluino MBH, boil. remn., MD=3TeV, nED = 2 Extra Dimensions
stau, HSCP, GMSB ’ ' v ’
hyper-K, hyper-p=1.2 TeV MBH, stable remn., MD=3TeV, nED = 2 & Black Holes

neutralino, ct<50cm MBH, Quantum BH, MD=3TeV, nED = 2

4 5 0 1 2 3

Facing the Scalar Sector, 31/05/2013 LHC: future measurements and reach - Paolo Giacomelli
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Exotics searches results

Extra dimensions

V' Cl

LQ

Excit.. New quarks:

. ferm.

Techni-hadrons (LSTC) : WZ resonance (vlll). m

Other

*Only a selection of the available mass limils on new stales or phenomena shown

Large ED (ADD) : monojet +E, ..

Large ED (ADD) : monophoton +E, .

Large ED (ADD) : diphoton & dilepton, m

UED : diphoton + E, ...

8'/z, ED : dilepton, m,

RS1 : diphoton & dilepton, m

RS1 : ZZ resonance, m,,

RS1 : WW resonance, my .
RS s (BR=0.925) : tt — I+jets,m

ADD BH (M, /M,=3) : SS dimuon, Ny s
ADD BH (M., /tM,=3) : leptons + jets. .
Quantum black hole : dijet, F (m,

vy

vy i

boossed

" 'gaqq contact interaction ¥ (m )

qqll Cl : ee &pp,tﬁ

uutt CI : SS dilepton + jets + E
LoEn e AT "'z*'(ssmy':me;.w
Z' (SSM) :m._,

W' (SSM) :m,
W'(—=tq, g =1):m,
W (= tb, SSM) :m

W : mr.«».

~ Scalar LQ pair (#=1) : kin. vars. in eejj, evijj
Scalar LQ pair (f=1) : kin. vars. in ppjj, Lvijj

.. Scalar LQ pair (B=1) : kin. vars. in ttjj, tvjj

" 4"'_ generation : t't'— WbWb
4" generation : b'D(T,__ T, ;)— WtWt

New quark b’ : 65" Zb+X,m,

Top partner : TT — tt + Avo (dilepton, M‘2
Vector-like quark : CC.m

g

Vector-like quark : NC, m,,

- Excited quarks : y-jet resonance, m
Excited quarks : dijet resonance, ;'77;
Excited lepton : |-y resonance, m
- Techni-hadrons (LSTC) : dilepton,m,,,,
Maijor. neutr. (LRSM, no mixing) : 2-lep + ig{é
W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H =ll)=1) : SS ee (uu), m
H* (DY prod., BR(H">eu)=1) : SS e, m_,
~_ Color octet scalar : dijet resonance,

Facing the Scalar Sector, 31/05/2013

~ I miss,

ey

| )

| LI

I | [

My (5-2)
ATLAS

Preliminary

I

M (5=2)
M (HLZ 8=3, NLO)
Compact. scale R’

My ~ R
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mp, = 0.1)
Graviton mass (k/Mp, = 0.1)
g,, mass

M;, (5=6)
M, (5=6)

J-Ldt =(1.0-13.0) fo’’
fs=7 8TeV
M, (5=6)
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Mass reach (in TeV) for the leptoquark search in the
ee jetjet channel

CMS

Scenario LHC HL-LHC HE-LHC

Low S/B 1.6 1.8 2.5

High S/B 1.7 2.3 3.5
Caveat

Many of the projections and studies that | presented are being improved

and updated for the ECFA workshop of october 2013, so stay tuned...

Facing the Scalar Sector, 31/05/2013
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Conclusions

« ATLAS and CMS have exceeded their design performances during the first
LHC run, showing that precision physics can be made under these
conditions.

« The experience gained and a sound program of upgrades gives us
confidence that the experiments will meet the physics expected with 300 fb-1,
collected at Vs=14 TeV and instantaneous luminosities up to 2x1034cm-2s-".

- A new energy domain with a vast potential for new physics discoveries
- All existing searches will be very quickly updated

« With HL-LHC a further increase of the discovery phase-space is possible.

* Precision SM scalar boson physics at HL-LHC is an attractive future scenario
deserving substantial studies and R&D.

— it is a challenging project involving major upgrades of full detectors.
— scalar boson couplings can be measured with few percent precision
— rare scalar boson decays, self-coupling studies possible

— VV scattering will be probed

* LHC has an exciting physics program for the next twenty years!
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~ 4 Trigger challenge in 2012

>
%

Maintaining high trigger efficiency while keeping the trigger rate within
budget was one of the biggest challenges of the CMS experiment in 2012

The experience obtained in 2012 with peak pileup of ~35 events gives us
confidence for high-luminosity running post Long Shutdown 1

Trigger Cross-sections:

’ Z_IsoMu24_P Fiet30_ PFJet25 Deta3 CentralPFJET25 ¢

o i
- v3

stParticle Flow Jet Energy

sfcorrections cured non-
Hinearities of hadronic

“Hriggers

2l

=
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e 1
2500

Facing the Scalar Sector, 31/05/2013

1 1 | T 11 1
5000 5500 6000

Luminosity ub-'s-"

HLT CPU time:
* linear with PU, no signs of runaway

m
(Lo
T s

Run 201191 time/event

time/event
o
[ ]
oo

5000 5500 6000 6500 7000 7500 8000 8500 9000
Luminosity [10°° cm2 s

LHC: future measurements and reach - Paolo Giacomelli 44

Thursday, 13 June 13

ne»r-=»



Tracking and b-tagging performance

Improvement of b-tagging efficiency
with new pixel detector

Improvement in tracking efficiency w/
new pixel detector, in ttbar events, as

1 2E34 cm‘23'1 a function of pileup
> — : : Y % 5
&) - Ilght jet: Current plxel detector § : —— e :
- [~ ° light jet: Phase 1: upgrade detector : L e il
QD — 4 c-jet: Current plxel detector : :
.;EJ — ' c-jet: Phase 1 upgrade detector L
W10 i s G it | {100
— — = s s - ; : 2
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N S ook
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(@)) § " w 80—
% 102 E— ............... ;.w.:...cur.rent. o |
- : : L S 70
B = =
- % 60—
o C
10-3 = I 3 50— - e et b
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1 . E 3 : . : S : 1 1 1 ! 1 1 1 1 1 1 ‘ 1 1 1 I 1 1 1 i 1
1 0'4 L1l Ll I L1l Ll 11 I L1l l | I I Ll 11 l L 1 l | | I Ll 11 Il 300 20 40 60 80 109
0.1 02 03 04 05 06 0.7 08 0.9 1 Average Pileup
b Jet Efficiency 50 pileup

b-tagging efficiency ~ 1.3x better
2 b-jets >  (1.3)2 ~1.69

Primary vertex resolution improved by factor ~1.5 - 2
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CMS Upgrade program

LS1 and Phase 1
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HCAL Upgrade

« Upgraded HCAL

— New photodetectors

— New electronics (frontend, backend)

15

54321
HCALHO

\\\\%%T\\C%\\\\\\

— Improved longitudinal segmentation

— Improved background rejection, Missing E+ 0
resolution and Particle Flow reconstruction Z

A

» Hadronic showers spread out %

with increasing depth

e
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Pileup challenges

Reconstruction of hard collisions in high pileup
environment requires detectors with very high

granularity:
« efficient association of charged tracks to collision
vertices
 reconstruction of charged and neutral particles in
jets
* pileup neutrals corrected w/global energy density (p)

Physics with high pileup requires full particle
flow reconstruction assuring:

* precise jet energy correction

* robust missing energy measurement

* efficient lepton isolation

Very efficient reconstruction code is needed
to stay within computing budget

Facing the Scalar Sector, 31/05/2013
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Vector Boson Fusion (VBF) Y

Generic diagram for vector boson fusion (VBF) process

ne»r=»

q
Signature: forward-backward
“spectator” jets with very high
energy

q

* Once the vector bosons decay, we have a six-fermion final state
e The full set of gqg—6 fermions diagrams has to be considered
eIn order to investigate EWSB, one has to isolate VV processes from all

other six-fermion final states
= Apply tight kinematic cuts

Typical Kin. cuts
prj>20GeV |ni<5 pr9>30GeV [nj1-nj2|>4.0
Ni1'Nj2<0 m; > 600 GeV
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~§i VV scattering: semileptonic

Semileptonic is most promising: reasonable signal yield

Number of events for 20 fb-?
ATLAS |Nsign. [N back.

500 GeV | 6.2 16
WV -> Injj 800Gev | 13 17
1.1TeV | 48 9.2

(fully MC based, no systematics, 14 TeV)

CMS N sign. [N back.
500 GeV 337 20759
>1 TeV 45 3281

For recent inclusive Higgs search:

* more sophisticated analysis developed

(btag categories, angular analyses,

m;j = mz kinematic fit)

* data driven background

Improved JES: mj reso from 20-25% to 10-15%

Facing the Scalar Sector, 31/05/2013
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