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Total Integrated Luminosity (fb ')

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

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
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Date (UTC) Day in 2012

Total delivered luminosity: ~30 fb-!
Total recorded luminosity: ~27 fb-1

Excellent LHC peformance.
Very high data-taking efficiency of the two detectors.
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3 years of constant physics results cms as example ...

Ch. Sander CMS Integrated Luminosity,
012, LHC, /5 = 8 TeV 9 Y» PP and all the rest, plus

Y e Ty Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC newest results:
‘ ‘ ‘ ' ' ‘ ‘ See now
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repeating the program
first ZZ xsec,\1.1 /fb at 8 TeV
N first MinBias / UE first top xsec, 3/pb 0 ~40%
T studies, particle multiplicities 5 ~ 40% \ \
S ) ] going more differential, a new boson is
= T inal, b sessation. S first single top xsec, e.g. ZIW +jb,c , anounced, 5 /fb o
% 5~15% t-chan., 36/pb \ \
® 0 ~ 36%
= I . . d \ first significant limition
a first incl. jet x-section, PF jets Bs—pp, BR<1.9x10
o 60/nb & ~ 20-30% first miwop, 36/pb \
£ A~6.5GeV
O . . . . . o
s first incl. W/Z x-sections, 200/nb _ first piﬂ'g‘;ﬂ%"?govered
5~ 4-6%, +11% lumi first WV\6/ xsigs/%/pb y " b
=~ (o}
0 .. relative uncert. first limi BSM searches continue
ot i ; irst limit on HWW J
A .. absolute uncert. first incl. J/¥ X-sec’([)lon, 100/nb limits pushed first spin parity analysis
0~ 20% of the boson, 17 /fb
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Events / 3 GeV

New boson with a mass of ~125 GeV

*\Ne have discovered a SM-like scalar boson with a mass of ~125 GeV.

*JPC consistent with SM scalar boson,

coupllngs WI|| need more data
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The new boson is consistent with
being the SM scalar boson

H— vy (untagged)
H— yy (VBF tag)
H — yy (VH tag)

6/Cgy =
0.80%+0.14

H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — tt (0/1 jet)

H — t (VBF tag)

H — 1t (VH tag)
H— ZZ (0/1 jet)

H— ZZ (2 jets)
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Plans for HL-LHC

2009
2010
201
2012
2013
2014
2015
2016
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2018 Ls2
2019
2020
2021
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2023

20307

LS3
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The LHC Timeline a0t
<> LHC startup, \s = 900 GeV

Vs=7~8 TeV, L=6x10%3 cm™ 5!, bunch spacing 50 ns

~20-25 fb-!
Go to design energy. nominal luminosity
\/s—l3~14 TeV., L~1x10%* cm 571, bunch spacing 25
~75-100 fb-!
~ Injector and LHC Phase-1 upgrade to ultimate design luminosity
Vs=14 TeV, L~2x10% cm?2 5!, bunch spacing 25 ns
. ~350 fb!

HL-LHC Phase-2 upgrade. IR, crab cavities?

Vs=14 TeV, L=5x103 cm2 5!, luminosity leveling

~3000 fb?

@\ European Organization for Nuclear Research

7 Organisation européenne pour la recherche nucléaire
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B % LHC after LS1
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We are about to explore a new territory
with significantly improved statistics!

7/6/2013

HL-LHC, Higgs and Beyond 2013, V.Rekovic



g 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 (2018)

— 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 (2021)

— 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?s™’

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic



Pileup in 2012

CMS Peak Luminosity Per Day, pp
Data included from 2012-04-04 22:37 to 2012-11-03 08:06 UTC

10 50

:g 2010, 7 TeV, max. 203.8 Hz/ub « 2011, 7 TeV, max. 4.0 Hz/nb + 2012, 8 TeV, max. 7.5 Hz/nb
g & Peak: 37 pileup events
BX=50 ns wren | 40 plieup
s b .
£ a I° 30 Design value
= M ~ | 25 pileup events
5 ¢ ao” I I 20 P 34 P
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3 2} o x10 ',f:' e’ ¢ .. 2
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. . LA . | .
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> > ’ > Date (JTC) > > > PU
Event from special high pu run:
78 reconstructed vertices and 2 muons...
L1 Table
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HL-LHC Challenges
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HL-LHC presents Increased challenges for Triggering,

Tracking and Calorimetry, 1N particular for low to
medium P; objects
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Upgrade challenges and recipe

Maintain low trigger thresholds, efficient particle and physics object reconstruction at

high rate and pile-up

Need new technology R&Ds to:
—Increase granularity

—Increase data bandwidth

—Increase processing power

—Improve radiation hardness
—Minimize material in tracking devices

CMS

%

—

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

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic
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g Physics program for the future of LHC

The discovery of a Higgs-like boson at my~125 GeV
suggests the following list of physics priorities and goals

« With LHC 13/14 TeV data until ~2021 (~300 fb")

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

e Exotics

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic
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HL-LHC Physics Drivers

«  With HL-LHC 14 TeV data until ~2032 (~3000 fb")

* Major Focus
— High Precision SM scalar boson measurements @ 125GeV
— 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

 Experiment strategy: Aim to Maintain (or improve) current physics
performance through HL-LHC era
— Signal Acceptance, Efficiency & Resolution; S/B ratio
— Maintain systematic errors well below statistical

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 14



HL-LHC Physics Drivers

This is Very Challenging: it requires

*Precision measurements of
— Leptons (e, u, ), v, Jets, b (c) quarks, MET

*Reconstruction of complex event topologies to identify
— W/Z, top, VBF, etc.

*Over the full range from low to high p-

— In a very high rate and high pile-up environment

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic
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g 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 LS2
Phase 1 Upgrades 4/I

New Pixel detector, HCAL electronics and L1-

Trigger upgrade

Phase 2: being defined now
*Tracker replacement, L1 Track-Trigger

«GEMs for forward muon det. under review *Forward: calorimetry, muons and tracking

*Preparatory work during LS1
-New beam pipe for pixel upgrade

*High precision timing for PU mitigation
*Further Trigger upgrade

-Install test slices of pixel, HCAL, L1-trigger ~ °*Further DAQ upgrade
_-Install ECAL optical splitters for L1-trigger

7/6/2013
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g Pixel and HCAL phase 1 upgrades

Upgrade /Wter rings New 4-layer pixel detector Pixel
/ n=2.5 Upgrade
/ 4—ﬁer rlngs 4 barrel layers
/
Current \ —__ Current
n=0 n=0.5 n=1.0 n=2.0 — 3 barrel layers
15 1 7 6 5 4 3 2 1
HCAL HO
 Upgraded HCAL = TR
MAGNET COIL
— New photodetectors \ ALK
— New electronics (frontend, backend) e ———

— Improved longitudinal segmentation

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

16
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Expected Phase 1 improvements

Ratio Phase1/StdGeom

16 CMS SLHC Simulation £ 17 CMS SLHC Simulation
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CMS Simulation, Vs = 14 TeV TeT,
Significant gain in signal =t TR SLAL L i
g g - g < - 1— HCAL Upgrade ]
reconstruction efficiency: 0.30F .
0.25 [ —— Standard Geometry _] 3
25F — ] - :
H— 4u +41% g ] Total efficiency improvement:
H— 2u2e  +48% 0.20F | H — tt3 factorof2.5(4.5% — 11%)
H— 4e +51% 0.15F 3 .

— 1 Improved jet and MET — 25%
0.10¢ 1 improvement in m__ resolution
0.05F ]
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0.005 100 200 300
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ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 19



ATLAS upgrade program

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ... 2030

Prepare for: Phase 0.1 LS| Phase LIl LS?2 PhaseII LS3

“Phase-0" upgrade: consolidation “Phase-I" upgrades: “Phase-II" upgrades:

V's = 13~14TeV, 25ns bunch spacing Jultimate luminosity Linse=5 x103* cm2s-! (U=140) w.leveling
Linse =1 x10%* cm2s7! (=27.5) Linse 22-3 x103* em2s°! (u=>55-81) ~6-7 x103 cm2s-! (4=192) no level.

[ Linse =50 fb™! I Linse =350 fb"! J Linse = 3000 fb"!

ATLAS has devised a 3 stage upgrade program

* Completely new tracking
detector

New Small Wheel (nSW) for the Calorimeter electronics

* New insertable pixel b-layer (IBL)

* New Al beam pipe forward muon Spectrometer upgrades
* New pixel services * High Precision Calorimeter L1- * Upgrade part of the muon
* Complete installation of EE muon Trigger system

chambers * Fast TracKing (FTK) for L2- o

Possible L1-trigger track

* New evaporative cooling plant trigger trigger

* Consolidation of detector services ® Topological L1-trigger processors_

* Specific neutron shielding * New forward diffractive physics Possible changes to the

forward calorimeters

* Upgrade magnet cryogenics detectors (AFP) ~ HITEIE AR IES
7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 20




| From 2013 to HL-LHC

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

* To calculate physics projections at HL-LHC

Want to have 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

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 21



Scalar boson projections after LS1

Approaches adopted for physics projections

*ATLAS: perform complete physics studies using fast simulation of
momentum and energy resolution, acceptance, identification and
reconstruction efficiencies, fake rates, etc. Not all channels fully
analysed.

*CMS: assume that an upgraded detector will compensate the effects
of the higher pile-up, using different scenarios of the evolution
of systematic errors.

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic
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g Scalar boson signal with 300 fb!

» Upgraded detector performances assumed the same as 2012 detector
« Three scenarios for evolvement of systematic errors:

e Scenario 1: same systematics as in 2012

* Scenario 2: theory systematics scaled by a factor 'z, other systematics
scaled by 1/4L

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

| l I | | I I | | I 1 I | | | | I | I | I
Expected uncertainties on 10fb"at f5=7and 8 TeV — 10 fb-!. 7 and 8 TeV (Scenario 1)
Hi b ' | st th 300 b at §5 = 14 TeV — ’
995 DO SIS wowa - twwomenwe 1 —i | 300 fbr! , 14TeV (Scenario 1)
300 fb', 14TeV (Scenario 3)
Hovy % 1 |
H->ZZ ! H——H |
- -1
H — WW : Tl Y : Wlth. 3.00 fb-' the |
Hostr | ol : preC|S|on. on the signal
strength is expected to
H—bb | : : | 0
be 10-15% per channel
| | | | | 1 | 1 | | | | | | | I | | | 1
0.0 0.5 1.0 1.5 2.0
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g Scalar boson couplings @300 fb

 Three scenarios:

« Scenario 1: same systematics as in 2012

« Scenario 2: theory systematics scaled by a factor V2, other
systematics scaled by 1/4L

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

CMS Projection 300 fb" at {s = 14 TeV
[ T T I T T T T T T I T T

CMS Projection 5 115¢ T
I I I I I 1 I I I I 1 I | | I | | I | I : 4// 20
Expected uncertainties on F— s00f’at 5= 14 Tev 110
Higgs boson couplings — 300fb"at y5= 14 TeV w/ scaled sys. unc. .
) 1.055— 1o
! 1.00 |~
Ky s
K, 095} ‘
0.90- o =" Full line: Scepario 1
K L | . N M
° ' ' - Dotted line: $cenario 3
“ | ! 08— 40 11
K, Cv
Il Il 1 Il Il I Il Il 1 Il I 1 1 1 1 l L 1 -1 1 1
.00 . 55 05 Wlth 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%
300 fb' 14 TeV, Scenario 2 o (K ) ~ 5-15%
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g HL-LHC boson couplings @3000 fb
 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

Tevatron M, projections from 1995

Scaling of W-masa aror = FromTeV2000 report Ch.4
= Attempted to project from 20 /pb
.. Run 1A, CDF, DO, UA (preliminary) per experiment to 100 /fb
_ * |n addition to simple scaling 1/4/N
Hun 1b, CDF, DO (anticipated) .
: included several models
Concluded that with 10/fb per
experiment could reach £30MeV
on combination

= Moriond 2012

1) CDF Talk on 2.2 /fb
2)DZero Talk on 4.4 /fb

= Uncertainty achieved +15 MeV

.| = Comparedtothe 1985
“ nawi  projections?

CDF, DZero 2012
w b (point added by hand by JI)

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 25



Scalar boson couplings @3000 fb™

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
\s = 14 TeV: [Ldt=300 fb'; [Ldt=3000 fb \'s = 14 TeV: |Ldt=300 fb " ; [Ldt=3000 fb
det:SOO fb™ extrapolated from 7+8 TeV [Ldt=300 fb™" extrapolated from 7+8 TeV
T 1T T T 1T T T II | 1T T !1 T 1 1 1 T 1 1 I T 1 1 ! T
H-uu e r,/T, g
ttH,H—pu |
........ Ft / Fg
VBF,H—1t = pohon s i
Hs 77 rength I./T,
VBRH-S WW o™ L, /T, .t
Ho WW - = .. Precigionon
r./T boson
VH,H- otz .
v widths
ttH,H_>YY eaaaessssrrnanibasas FW / FZ
VBF,H—
Y.Y ________________________________________________________________ T, /T,
H—vy (+) ,
adtl - N N Rl - S
0 02 04 0.6 0.8 0O 02 04 06 08
A A(FX/FY) N A(KX/KY)
H /Iy Ky /Ky

*Brown lines made for similar assumptions as tor CMS studies.
*With 3000 fb-' the couplings can be determined with high precision (a few %)

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 26



g HL-LHC Higgs boson couplings @3000 fb™

CMS Uncertainty (%)
Coupling 3000 fh—+
Scenario 1 | Scenario 2

. 5.4 1.5

KV 4.5 1.0

Kg 7.5 2.7

Ky 11 2.7

Kt 8.0 3.9

Ko 5.4 2.0

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

« With 3000 fb-'the Higgs couplings can be determined with high

precision (1-4%)
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Events /2 GeV

Data/SM

Rare decays: H2> uu

ATLAS- CONF 2013-010

107 ‘ D«n %% “M (fm) =3 70
10° ATLAS Prellmlnary = Sn;emp 8 Wl z
108 \s=8TeV, | Ldt=207b"' @@ ww Ll o
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E B=14ToV | ! E
H—uu
10 . .
g Excl. limit
1:
101t Lol Lol L1 1
10 10°
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[GeV]

pn

»The decay H—pp
observed with a

significance of 5 sigma
»measurement of the Hup 3
coupling with a precision of =

~10%

- ATLAS Preliminary ]
C H_)“*'u ]
- —-—gi?selrzved g =
- ---- Bkg. Expecte I _ -1 .
-~ mtio Ldt =20.7 fb =
- D+2o \s=8TeV ]
:l 11 |'1'r'|'r'|'1'r1'r‘|'r'l'r'l'i'r1'r-|'|"|'r'1'1'|'1'r1'r'|'r'|'1'1'4'r1'r'|'| 11 I:
110 115 120 125 130 135 140 145 150

my [GeV]

CMS Prsliminary Standard Model H—up
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7 ]
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- Signal significance ]
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| Rare decays: ttH, H>vyy

CMS-HIG-13-015 (20/fb @ 8 TeV)
Observed Expected Expected (No Syst.)

Hadronic Channel 6.8 9.2 8.8
Leptonic Channel 10.7 8.0 7.7
Combined 5.4 5.3 5.1
R S e R

o

ATLAS projection, 3000 /fb @ 14 TeV

-------- Expected + 26

N
o
T T

o(H=>7 7). [ OH= 1Y),

: Au/p of 15-20%
15 Y
L 300
C § ATLAS Simulation % tvt\il_'H
o8 3 2 L dt = 3000 fb" 1 VBF
S B £399
5 £ 200 Z
5 = w
& ' 2 diphoton
L1 11 L1111 L1 11 L1l L1 11 L1l L1l L1l 1 50 ttbar
;I)’IO 15 120 125 130 135 140 145 150
m,, (GeV) 100

130 140 150
diphoton mass [GeV]
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Scalar boson self-coupling

Destructive interference between the two diagrams

g g t H
t H - N
H 7
t - — - =X . ty At
t H ~ , o
g g t H
Many channels to investigate. i s atcomlna mesurencnts e ic by oo
Most promising ones: ————
LTS pp — hh+ X
bBW*W- (large BR but large bkg.) : nR=pp =5 I
bbyy (Clean but small BR) % ) LO at 14 TeV :
o : Plehn et al. =seeeee-
bbt™t 0.1 £ X=1x Asu 1
bbu*w will do L A =0 Agy weeeeee
bbbb 0.01 F  A=2ZXAsM o :
100 1000
NLO cross-section at my=125 GeV: mp, [GeV]

o = 34 fb*18%.459, (QCD scale) + 7% (PDF+as) + 10% (EFT)
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A sensitivity of 3o per experiment is within reach with L=3000 fb""
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VV scattering: unitarity violation

v S channel T channel

violates unitarity at Vs = 1.2 TeV

Without the SM boson, W* W-1—W* W-_ ;\} WWW

W, Z masses (— longitudinal degrees of

freedom) arise from the BEH mechanism: p

.
_ _ 1 s° 1’
A w; > wiw ) = |=s—d S
% S—m; t—my
\_ _J

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)
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g 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

SM No-Higgs
Unitarity V[Qla'fion

Agg>1TeV

SB sector strongly coupled

afl(s) A Agg<1TeV

SB sector
eakly coupled

1%

o
.
.
.
o*
o*
o
.
.
.
.
.
.

.
P
.
.
.t
.

L

other possible scenarios:

.
..
..
----
.
.
s

-------

P. Giacomelli

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):

L BSM models predict TeV-
““““““ scale resonances “paired
with a light scalar particle

eg, strongly interacting light Higgs (SILH)
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VV scattering: fully leptonic

Only background VV+jets, very low xsec

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

CMS ZZ->4e, 4p N signal [N back. ATLAS 7Z->212v N signal |N back.

500 GeV 2.2 1.9 500 Gev |64 3.0
>1 TeV 0.1 0.2
ATLAS ZW->lllv N signal |N back.
CMS ZW->uuuv N signal |N back. 500 GeV 8 5
>1TeV |09 ‘0,8 1.1 TeV 1.4 0.4
Latest results:
. > = T L .l . T T l T T T I :
Example: ggF nggs 300 GeV 8 hep-ex 3rXiv:1202.1415 ATLAS 1 B~ 6
o 12 * DATA ]
o~ AR I I I I A A M I IS B C g%%karor:nSwOGev S~1O
S - [ [T B~ 80 ATLAs 3 €400 gigna: m:=ggg ge¥§ 7
w0 == r s 1 o 7 . ignal (m’= eV) -
? — -, S~200 Juwomw 1 o 77 Syst.une. 1+ reso ma as expected
E EE - H-zZ0—4 1 .
- 14 TeV, 30 fb™] & [dt=48f"  ]°improved reco-id
_ 1 | Ns=7TeV  Jefficiencies
20 . 7 AR ]
" E 4t : |
10 = s _ (eg ele ID: TDR time
ERN-OPEN-2008-020 - 2:;- Ll ] 85-90% -> today 95%)
2)0 220 240 260 280 300 320 340 360 m38[(2;e\4,]01 0— ) : ) : ! ]
" 200 400

600
m, [GeV]

CMS AN 2007-005

CERN-OPEN-2008-020
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VBF experimental signature

Longitudinal plane Trans!ersg_plane

& () \ (2) y

An

/. )

(1) (1)

» tagging jets (1): large pr, large An  proton
» few jets between tagging jets
» final state (v/lv:

» leptons (2) between tagging jets
» missing E1(3) 1)

proton

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
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VBF final states

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

*Fully leptonic

*pp—qq UY% (f=u.e) Clean
*pp—qq tv Can reconstruct myv (not with 2v)
*pp—qq tvv Very low yields...

* Semi-leptonic
*pp—qq jetjet & Better yields...
°pp—qq jetjet &v Large backgrounds

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

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic
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VBF 2e2u candidate event

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

AT EtCut > 1.0 GeV
\ N PtCut > 0.4 GeV
“Sh Muon: blue
"\ Electron: black
\\ Cells: Tiles, EMC

\ g4 pp—2e2p jetjet

.~ in 8 TeV data

FIERILA

=87 B B[R NEn
V

,mr\jn
/] - J
- — -

L=/ i L= IN§l ]/
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//Z resonance

pp—ZZ+2j—4{+2] channel

é 240? b ATLAS Prlellmllnlary 'SM vlv E .......... ~ ATLAS Ibrellim'inéry ISM W -
E 2205_ (Simulation) E ; (Simulation) ]
200 I Ldt=3000fb" | Nerw = 7777 | Ldt=30001" | Nerw 3
180 — ]
160F- Zrowre] O 7 10\ fes -
1402_ 7“7 (g=1.75) ; ///(g 1.75) B
120 E ]
100F- Vs=14TeV 3 ]
80F E E
60F = ]
40 ATL-PHYS-PUB-2012-005 — i,
20;_ _; /5/ ;//;7
0 05 1 15 2 25 3 35 4 45 5 02 03 04 0506 1
leading m, [TeV] m,, [TeV]
model 300f/b~" 3000fb~"

Mresonance = 200 GeV, g = 1.0 240 1.50

Mpesonance = 1 1€V, g = 1.75 1.70 550

Mresonance = 1 TeV, g = 2.5 3.00 040

Sensitivity to anomalous ZZ resonances in Vector boson scattering
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VBF SUSY

Direct search for chargino/neutralino production using VBF production to
fight otherwise impossible backgrounds.

q jf q jj
14 v 14 v

_z_‘__4/ r _z_‘__4/ r

| S~a ~0 | S~a ~0

. - 7 . - 7

7’ - 7’ i

| -7 A 1 T X
w v z T

q i, 4 Jy

Figure 1: Diagrams of chargino-neutralino pair production through vector boson fusion fol-
lowed by their decays to leptons and a LSP.

102:TI|11I|VIIITYTIIIIIIIIIT|INWI:
- ~t_*
- Vs=8TeV — VBF = XX,
..... VBF—))”(IT(;
----- VBF—))Z:)”(E
-0
0L —-VBF—)XE)X% |
- VBF—>)(2)(2
\\\ ....................
1= - S e —
= I P R 1 | L | L | L | 1
10" 00 1

v e b b b g
20 140 160 180 20(? 220
~* o
M(%,) = M(¥,) [GeV]

Projections for 14 TeV
need to be done.
Promising.

utta, A. Gurrola, W. Johns et al., “Vector Boson Fusion Processes as a Probe of
Supersymmetric Electroweak Sectors at the LHC”,. arXiv:1210.0964

7/6/2013
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SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits 1 H ATLAS preliminary
Status: LHCP 2013 S Itu atIO n tOday de: =(44-20.7)fb" 1s=7,8TeV

Model e, u, 1,7 Jets EP th b Mass limit Reference
MSUGRA/CMSSM 0 26 jets Yes 203 |&4@ ! ' 18TeV miaemig) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1ep 4 jots Yes 58 mig)emi{g) ATLAS-CONF-2012-104
MSUGRA/CMSSM 0 7-10 jets Yes 203 |g 1.1 Tev ary @ ATLAS-CONF-2013-054
Qq, 3-q%° 0 26 jets Yes 203 |§ 740 GeV' m) = 0 GV ATLAS-CONF-2013-047
99, 9-q%" 0 2.6 jots Yos 203 |g 1.3TeV M) = 0 GaV ATLAS-CONF-2013-047
Gluino med. %* (g-q¥x’) tep 2-4 jets Yes a7 mE3) <200 GeV, mix") = 0.5(m{zf)emig)) | 1208.4688
00-aqqqNz)%? 2e,1(SS)  3jets Yes 207 |g 1.1 Tev miz}) < 650 GeV ATLAS-CONF-2013-007
GMSB (| NLSP) 2e.p 2:4 jots Yos a7 tang < 15 1208.4688
GMSB (I NLSP) 121 0-2jets Yes 207 |§ 1.4 Tev tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y 0 Yes 48 mGE?) > 50 GeV 1209.0753
GGM (wino NLSP) Teusy 0 Yes 48 m?) > 50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yos 48 m3) > 220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 0-3 jets Yes 58 miH) > 200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 monc-jet Yes 105 mG) > 10* eV ATLAS-CONF-2012-147
405z 0 3b Yes 128 miz?) < 200 GeV ATLAS-CONF-2012-145

g .g g-h? 2e,4(SS)  03b No 207 |@ 900 GeV M) <500 GeV ATLAS-CONF-2013-007
" g-tty? 0 7-10 jets Yes 203 |@ 1.14 TeV miz}) <200 GeV ATLAS-CONF-2013-054
o 64&‘5 0 3b Yes 128 m2) <200 GeV ATLAS-CONF-2012-145
b bbx’ 0 2b Yes 201 b, 100-630 GeV M) < 100 Gev ATLAS-CONF-2013-053
bp, bety) 2e, 1 (SS) 0-3b Yes 20.7 i, 430 GeV miz}) = 2mix5) ATLAS-CONF-2013-007
1 (light), t->by; 120.u 12b Yes 47 | ReTGeV miz}) = 55 GeV 1208.4305, 12092102
1, (light), Wb 2e.p 0-2jets Yes 203 |%, 220 GeV mEZ3) = mity) - mW) - 50 GeV, mil,) << m{z})| ATLAS-CONF-2013-048
1ty (medium), t,—by; 2ep 0-2 jets Yes 203 1, 150-440 GeV m2) = 0 GoV, mit.pmiz;) = 10 GoV ATLAS-CONF-2013-048
1ty (medium), t-by; 0 2b Yes 20.1 1, 150-580 GeV mz?) < 200 GeV, m(i; ymx ;) = 5 GeV ATLAS-CONF-2013-053
Ly (heawy), 1,81} Tep 1b Yes 207 |4, 200-610 GeV' m$) = 0 GaV ATLAS-CONF-2013-037
1, (heavy), 1,1 0 2b Yes 205 |, 320-660 GeV M) = 0GeV ATLAS-CONF-2013-024
Lty (natural GMSB) 2e.u(2) 1b Yes 207 |§, 500 GeV m3) > 150 GoV ATLAS-CONF-2013-025
Ly, Lt Z Jo.u(@ 1b Yes 207 |%, 520 GeV it} = m(z?) + 180 GaV ATLAS-CONF-2013-025
LAl R, 13170 264 0 Yes 203 |71 85-315 GeV mizd) =0 GV ATLAS-CONF-2013-049
> § Tty %3V (V) 2e.p 0 Yes 203 |7 125-450 GeV mG2) = 0GeV, mil¥) « 0.5(mE}) + mGS)) | ATLAS-CONF-2013-049
w Tihy 2V (V) _ 2t [} Yes 20.7 1 180-330 GeV mix?) = 0GeV, m(f.»?).o.s(m(i;) «miz?) | ATLAS-CONF-2013-028
7,0 < VI ), I v) 3e.p 0 Yes 207 600 GeV mE;) = miE2), mx3) =0, ML) = 0.5(miz;) + mx3)) | ATLAS-CONF-2013-035
PARA den 0 Yes 207 %g 315 GeV 1) = mizd), m(72) = O, sleptors decoupled | ATLAS-CONF-2013-035
Direct 3177 prod., long-lived ' 0 1jet Yes 47 1<t()i)<10ns 1210.2852
Stable g, R-hadrons 02e.n 0 Yes 47 1211.1597
GMSB, stable . low 2ep 0 Yes 47 S<tanp <20 1211.1597
GMSB, ] -+7Glong-lived 1, 2y 0 Yes 47 04< 1(xf)<2ns 1304.6310
%0 - qqu (RPV) 1ep 0 Yes 44 1 mm < ¢t < 1 m, g decoupled 1210.7451
LFV pp—sv oX, v —@ept 2e.p 0 - 46 Ay #0.10, 2, o #0.05 1212.1272
LFV pp—v . +X, V. —el)+t leps+t 0 46 A3y 0,10, B, 5, #0.05 12121272
E Bilinear RPY CMSSM 1e.p 7 jets Yes 47 mid) = migh. CT, g < 1 mm ATLAS-CONF-2012-140
Tidy Li-wWID, 1) reev env, dep 0 Yes 207 mE?) > 300 GeV, & ;>0 ATLAS-CONF-2013-036
« Aty LWL, 20T 0Ty Je.u+c 0 Yos 207 M) > B0 GV, Ay >0 ATLAS-CONF-2013-036
a-+0q9q 0 6 jets - a6 1210.4813
g-Ml, 1,208 2¢,1(SS)  03b Yes 20.7 ATLAS-CONF-2013-007
Scalar gluon 0 4jets - 46 incl limi from 1110.2658 1210.4826
. WIMP interaction (D5, Dirac ) 0 mono-jet Yes 105 mix ) < 80 GaV, imit of < 657 GeV for D8 ATLAS-CONF-2012-147

8TeV
- - 69:“- 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.
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SUSY

Summary of CMS SUSY Results* in SMS framework

LHCP 2013

OMS Preliminary SUSY limits at a glance

h irerm

M vwecian ™ X A1),

Summary of CMS RPV SUSY Results*
g-=qlv A,
gqlvn
§-rqlv

G apty

G apty
goam

G—qaq A"
gqlv i,
q-—-qlv A,
g-rqlv A

G aotu A
G abtp A
- 233
4, 9,9 l"uz
T, = uevt A

]

~N 2

2 B 8

B
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T = navt A,
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Tn “» pevt A
Ty totpe &
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g B

P ST TR |

1
1000

e EWKinos
tiep2013 - Stop, sbottoms
Prompt LSP decays Sq uarks, q|UinOS

~200-400 GeV
~200-600 GeV
~600-1300 GeV

P —

CMS Preliminary
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e
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ATLAS SUSY reach at higher luminosity

5s discovery reach (solid lines) and 95% CL exclusion limits (dashed lines)
With 300fb-" (thin lines) and 3000fb-" (thick lines)

"o [pb]

Stop-neutralino Squark-gluino
;‘ 1000 :I T I 1T 17T I LI L I LI L I 17T TT I L I LI ] 17717 I 17T l: Squark g'uan grld m = 0 ‘S 14 Tev MET/\ HT>15GeV1/2
1] - i H & - — T T T T T T T
Q 900:_ ATLAS S|_r1m-Jlatlon \s=14 TeV = % 4000__| T T ] e on | |__|!
£% B00E- rmr 3000 excuson oow CL. =1 14 (M, >> M) Tepion (o) +jts 5 S L e 10
7005_ — 300 o' discovery reach -t —>b+x (m m. = 20 GeV): 2-lepton (en )_E Em 3500__ ") %m0 ecuson 953 L] _§ 10
= i i o e, 4780 3 - \ %, == o mdsmessot | ]
600 — C 1 1,ns
s00E. 3 3000 4 310
400 E 25001 - g10*
300F E - ol
200 > _f 2000 [ Zn, sys=30% N = 1 0—5
10 Oi E . ATLAS Simulation J 3
= \ : 3 B \ 1 7
. 1 ST 1500 T T TN T N TN TN T T (NN TN S TN SN (NN SO T S | 10—6
05400 500600500800 60010001100 1200 2000 2500 3000 3500 4000
m; [GeV] m;, [GeV]

Going from L=300 fb-! to L=3000 fb""
the sensitivity to 1st and 2nd gen
squarks and gluinos improves by
~400-500 GeV, while to stops by
about 200 GeV

— R
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g

CMS 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.
- ,
EWKino | | /
|
Stops/sbottoms ®HE-LHC33
" HL-LHC14

Squarks/gluinos L LHC14

SUSY reach with 300 fb-" Mass Reach, TeV 6

EWKinos up to ~ 800 GeV
Stops,sbottoms up to ~ 1TeV
squarks,gluinos up to ~2.5 TeV
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Exotics searches results

Situation today

LQ1, 8=0.5
C I I S EXOT' CA 95% CLExcLusion LimiTs (Tev) Q=10
LQ2, 6=0.5
. ; LQ2, 5=1.0
,dijet
9 (qg). an = LQ3 (ov), Q=21/3, B=0.0 LeptoQuarks
a2 N LQ3 (b1), Q=22/3 or £4/3, B=1.0
q", dijet pair : stop (br)
q",boosted Z & .
e A=2TeV M Compositeness
U A=2TeV b' = tW, (31, 2I) + b-jet
0 2 3 4 5 q, b dege?erate. Vtt?=1
. n e
Z' (tt hadronic) width=1.2% T = tZ (100%)
Z' (dijet) t' — bW (100%), I+jets
Z' (tt lep+jet) width=1.2% t DW (10096), 1+
2'SSM (1) fo=0.2 ~ bW (100%), I+
G (nbar hgfm('g:']:ct; CILA » X analysis. A+ LL/RR
G ﬁe(+ME1) k/M - o 2 Cl. A . X analysis. A' LL/RR
G (yy) kM = 0.1 C.l., py, destructve LLIM
A C.l., py, constructive LLIM
G (2(1)Z(qq)) k/Mv;‘ <(J]v1) C1. single e HnCM) Contqc:t
W' (dijet GRIEOMCLCU .  Interactions
W' td) C.L., incl. jet, destructive
W'~ WZ(leptonic) C.L., incl. jet, constructive
WR' (tb)
WR, MNR=MWR/2 Ms,yy, HLZ, nED=3
WKK =10 TeV ) Ms,yy, HLZ, nED=6 1
StPTCh nTC > 700 ?e\; Ms, Il HLZ, nED =3 |
ring Resonances iqg Ms, Il, HLZ, nED =6
s8 Resonance :gg) MD, monojet, nED =3 i
E6 diguarks (qq) ’ = - -
Axlgluon/Co|omn (quan MD, monojet, nED=6 -
gluino, 3jet, RPV MD, meno-y, nED =3 -
2 3 4 MD, meno-y, nED =6 -
gluino, Stopped Gluino MBH, rotating, MD=3TeV, nED =2 W
stop, HSCP MBH, non-rot, MD=3TeV, nED = 2 - =
stop, Stopped Gluino Long Pt vl Exira Dimensions
e Lived table remn., : = & Black Holes
hyper-K, hyper-p=1.2 TeV ve MBH, stable remn., MD=3TeV, nED=2 |l

MBH, Quantum BH, MD=3TeV, nED =2
7] 1 2 3 4 5

neutralino, ct<50cm
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Exotics searches results

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

. ED (ADD) — T T T T 111 T T T T T 1717 T T 1’1u|(51£)| T LI I I
arge : monoje T .miss o (8=
Large ED (ADD) : monophoton +E, M; (5=2) ATLAS
‘g Large ED (ADD) : diphoton & dilepton, m, ,, M (HLZ 8=3, NLO)
2 UED : diphoton + E; ... Compact. scale R Preliminary
2 s'/z, ED : dilepton, m, Mg~ R
g RS1 : diphoton & dilepton,m, Graviton mass (k/Mg, = 0.1)
3 RS1 : ZZ resonance, m,, . Graviton mass (k/M;, = 0.1) .
@ RS1 : WW resonance, my Graviton mass (k/Mp, = 0.1) Ldt=(1.0-13.0)fo
o = . N
< RS g"’b_)n (BR=0.925) : tt — I.ﬂels, mﬁboosaad g, mass (5=7.8TeV
w ADD BH (M,,, /M ,=3) : 88 dimuon, N, ;.. Mo, (5=6) '
ADD BH (M, /M=3) - leptons + jets. 3 M, (5=6)
Quantum black hole : dijet, F (m, M, (5=6)
" 'qqqq contact interaction : (m ) : A
%) qqll Cl : ee &y, : A (constructive int.)
uutt Cl : SS dilepton +jets + E, A
Z'(SSM) im,,, [Le59:61m" 8 Tev [ATLAS.CONF-2012:128) 249TeV 7' mass
Z' (SSM) :m.. [L=a7 ™ 7 Tev [1210.5604) 14Tev Z mass
S w (W't(SSM)i;n,m L=4.71b", 7 TeV [1209.4445) 255Tev. W' mass S .t t- t d
"(—19,9,=1) :m, |L=a7 w7 ev (1200.6503) 430Gev| W' mass
W', (= tb, S%M) :m: L=1.01b", 7 TeV [1205.1016) 143TeV W' mass I ua Io n o ay
- ‘ v W™ imy ., [£=47 1677 Tev (1200.4445) ~242Tev. W' mass
Scalar LQ pair (fi=1) : kin. vars. in eejj, evjj |t=1.0m" 7 Tov [1112.4828) es0Gev T gen.LQ mass
g Scalar LQ pair (=1) : kin. vars. in pjj, itvjj |e=1.0m” 7 Tev (1203.3172) 685Gev 2™ gen.LQ mass
o Scalar LQ pair (B=1) : kin. vars. in 7dj, 7vj _[Le47 " 716V ireminay $58Gev. 3 gen. LQ mass
9 . 4" generation : t't'— WbWb L=47 1b", 7 TeV [1210.5468) 656 Gev ' mass
E 4" generation : b'b'(T'B To5)— WIWL | =47 1b™, 7 TeV [ATLAS-CONF-2012-130) 670Gev| D' (T, ) mass
3 New quark b': b'D'— Zb+X,m, ~ |i=z01" 7 7eV (1204.1265) 400Gev. b' mass
;" Top partner : TT — tt + A A, (dilepton, M”S L=47 ", 7 TeV [1209.4185) 483GeV| T mass (m(A ) < 100 GeV)
@ Vector-like quark : CC,m,,, |L=461b™ 7 TeV [ATLAS-CONF-2012-137) 1427ev| VLQ mass (charge -1/3, coupling ko = v/m,)
Z Esieatsd i Vﬁdor,-!ikte quark : NC,m,, |i=4815" 7 TeV [ATLAS-CONF-2012437) 1087ev! VLQ mass (charge 2/3, coupling x o = v/m,)
S cited quarks : y-jet resonance, m * mass
2 QE) Excited quarks : dijet resonance, ;1';; q* mass
W= Excited lepton : |-y resonance, m,Y 1* mass (A = m(l*))
- ~ Techni-hadrons (LSTC) : dilepton,m,,,, pJo, mass (mlp fo,) -mir;) =M, )
Techni-hadrons (LSTC) : WZ resonance (Vlll), m. . p, mass (m(p_) = m(x;) + m,,.m(a) = 1.1m(p )
& Major. neutr. (LRSM, nc mixing) : 2-lep + jets N mass (m(W_) = 2 TeV)
< W, (LRSM, no mixing) : 2-lep + jets W mass (m(N) < 1.4 TeV)
O H* ré*o(\{)ewéheggtt;mﬂ ))_ 1s)s ges (up). m H?:’ mass (limit at 398 GeV for uu)
prod., —eu)=1): e, m * mass
Color octet scalar : dijet resonance, n?': Scalar resonance ma
' ' ‘ o ' L1111l ] [ | L L1111l
10™ 1 10 10°
Mass scale [TeV]

“Only a selection of the available mass limits on new stales or phenomena shown
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ATLAS Exotics searches at HL-LHC

g 0T T o T > ] ATLAé Prellmlnary
a% ] j L dt = 3000fb™ +- Expected fimit Z,Topcolour R 10’ (Simulation) I“
[ o [ Expectedt 10 S 10 L dt = 3000 b
[ ATLAS Preliminary Expected+ 20 S = Wijets
10 (Simulation) 5 108 )
Zos 1l £ Z357ev7
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CMS LQ at HL-LHC

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...
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Conclusions

ATLAS and CMS detectors have performed extremely well, took excellent LHC
data. SM scalar boson-like particle has been discovered at 125 GeV.
Extensive BSM physics program ongoing.

« Operation in a very busy environments (beyond-design) provided valuable
experience. Together with a sound upgrades program, the two experiments will
advance into Phase | and Phase Il towards collecting data of collisions at Vs=14
TeV and instantaneous luminosities up to 2x103*cm-2s-1.

- (Phase 1) 300 fb" in 2015-2018 : A new energy domain (going from Vs8 to 14
TeV) opens a large potential for new physics discoveries.

- (Phase 1) 3000 fb-" in 2020-2032 : High luminosity domain (going from
2x1034cm=2sto 5x1034cm2s1 ) opens a large potential for high precision
measurements.

* Precision SM scalar boson physics at HL-LHC is an attractive future scenario
requiring substantial studies and R&D involving major upgrades of full detectors.

— it is a challenging project

— 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.

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic 48



" 4

Backup
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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:

~
| I

IJ—LI%II.{SIIII“

inearities of hadronic triggers

I II|IIII|IIII|

¢

IsoMu24_PFjet30_PFJet25 Deta3_CentralPFJET25
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article Flow Jet Energy
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g Tracking and b-tagging performance

Improvement of b-tagging efficiency

_ _ Improvement in tracking efficiency w/
with new pixel detector

new pixel detector, in ttbar events, as
2E34 cm’ s : : — a function of pileup

—

(>; E e Ilght jet: Current plxel detector
- [~ ° light jet: Phase 1: upgrade detector
Q0 — 2 c-jet: Current plxel detector :
S:EJ - " c jet Phase 1 upgrade detector
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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
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g HCAL Upgrade

* Upgraded HCAL

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

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

« Hadronic showers spread out
with increasing depth

Particle Flow With Depth Segmentation

—
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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
sreconstruction 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

srobust missing energy measurement
efficient lepton isolation

Very efficient reconstruction code is needed
to stay within computing budget

~~

U|| Resolution (GeV
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Vector Boson Fusion (VBF)

Generic diagram for vector boson fusion (VBF) process
q <3 >

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

q
* Once the vector bosons decay, we have a six-fermion final state

* The full set of qg—6 fermions diagrams has to be considered

°In order to investigate EWSB, one has to isolate VV processes from all
other six-fermion final states

= Apply tight kinematic cuts

Typical kin. cuts
PT, > 20 GeV |I‘]J|<5 thag > 30 GeV |"Ij1'l1j2|>4-0
nit'N2<0 m;>600 GeV
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g VV scattering: semileptonic

Semileptonic is most promising: reasonable signal yield

Number of events for 20 fb-'  (fully MC based, no systematics, 14 TeV)

« data driven background

ATLAS |Nsign. [N back. CMS N sign. [N back. CMS N sign. |N back.
500 GeV | 6.
eV |62 16 500Gev | 337 [20759 so0Gev |62 |3a15 2
WV > Injj 800Gev | 13 17 Zv -> lljj s
o
1.1Tev | 4.8 9.2 >1 TeV 45 3281 >1 TeV 5 348 iy
o
Q
CMS preliminary, /L dt =120 &, (=8 TeV =
. . . . T T T T T @)
For recent inclusive Higgs search: = [ he1200 -'wwmz
- more sophisticated analysis developed O 150r Zjmassfor g
(btag categories, angular analyses, §2) u = Z"*iﬂslm
mj; = mz kinematic fit) 8 I
& 100F

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

200
m. (GeV)
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LS3 Phase Il Upgrades
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HL-LHC Challenges

* The Trigger Systems will require major further upgrades to
retain physics acceptance

* The Inner Tracking Detectors will have to be replaced due to
radiation damage, and will need higher granularity

 Some End-Cap / FWD Calorimeters may need to be replaced

* Calorimeter Pile-Up will be challenging




Phase Il ATLAS Trigger Upgrades
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Phase Il ATLAS Trigger Architecture

[ 500 kHz, 6 us 200 kHz, 20 ps
Front End Level-0 Level-1
i Muon Trigger i
M . '
von[wor |5 —{ wor |
: i [ Trigger
. Bamel Sector .
: | MuCTPi ;
......................... ’-.--- — - -— - S ———
5 : Level0 [ > Levell
Central Trigger Topo/CTP * _; Topa/CTP > 1A
.............................................................................................................................
Tracker I LOA
ITK RODs LiTrack |—
Calorimeters , Calorimeter Trigger
DPS/TBB > eFEXAFEX —
' LOA — :
Calo RODs é ; 8 e

The Level-0 trigger is almost identical to the
Phase-| system

The Level-0 accept triggers the full readout of

swealorimeter ROIs into-anew-L1Calo system
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= Phase Il ATLAS EM CALO Trigger Upgrade

Trigger Tower AnxA¢$=0.1x0.1

Back Layer (3rd layer E.M. Calorimeter)
(AnxA$=0.05x0.025) 2x4

Middle Layer (2nd layer E.M. Calorimeter) In the neVlV |—1 the fU” ECAL
et Granularity is available for
Trigger purposes

Front Layer (1St Iayer E.M. Calorimet
(AnxA$=0.0031x0.1) 32x1

Presampler ¢
(AnxA¢=0.025x0.1) 4x1
o—vn
v
5 0.1 x0.1 0.025 x 0.1 0.025 x 0.025
= =
Current 7 LOCalo L.1Calo
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PHASE Il ATLAS MDT Trigger Upgrade

g
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Phase Il ATLAS Inner Tracker Upgrades
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Phase Il ATLAS Inner Tracker

r(m)
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g Phase Il ATLAS Inner Tracker
Increased Granularity => sub % occupancy

Reduced Material => Benefits performance throughout
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g Phase Il ATLAS Inner Tracker

Increased Granularity => sub % occupancy

Reduced Material => Benetfits throughout
€ ) i — g /”i:'

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
- The “Alpine” Pixel Layout
Pixels may provide extende oo

Tracking Coverage == NN

Different.Geometries under. study, v
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Phase Il CMS Trigger Upgrades
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Phase |l CMS Trigger Upgrades

* Akey goal of the CMS HL-LHC upgrade program is to maintain the
acceptances of the key leptonic, photonic, and hadronic trigger
objects such that the overall physics acceptance, especially for low-
mass scale process like Higgs production, can be kept similar to the
onein 2012.

 Two key focus points to accomplish this physics goal

— The first one is the addition of a L1 Tracking Trigger for identification of tracks
associated with calorimeter and muon trigger objects at L1.

— The second is to study the option of a significant increase of L1 rate (up to
1MHz), L1 latency (up to 20us) and HLT output rate




Phase Il CMS Tracking Trigger

Objective:
— Reconstruct “all” tracks above 2 = 2.5 GeV
— Identify origin along beam axis with ~ 1 mm precision

Tracker modules provide both 40MHz “Level-1 data”
and 100kHz “readout data”

— The whole tracker sends out data at each BX

Level-1 data require local rejection of low-pT tracks
— Reduce bandwidth, and simplify track finding @ Level-1

— Threshold of ~ 1+2 GeV = data reduction of one order of
magnitude or more




Phase Il CMS Tracking Trigger

* Design modules with p; discrimination: p; modules

— Correlate hits in two closely-spaced sensors to provide
vector (stub) in transverse plane: angle is a measure of p,

— Exploit the strong magnetic field of CMS

e Level-1 “stubs” are processed in the back-end
— Form Level-1 tracks, p; above 2+2.5 GeV
— To be used to improve different trigger channels




Phase Il End-Cap & Forward Upgrades
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Long Term Performance Concerns

End-Cap & FWD Calorimeters will all suffer substantial performance
degradation, due to radiation damage

* In each subsystem this has a strong n dependence, and is most pronounced
toward the inner edge of the coverage

Take as input Dose Maps for 3ab?! target integrated luminosity to
estimate expected detector performance degradation

Convolute with target sustained luminosity & pile-up to estimate
physics performance
— Does it meet the physics requirements?
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Long Term Performance Concerns

* ATLAS is considering installation of new Mini-FCAL in front of current
Lar FCAL, if needed

 For CMS the present understanding is that replacement of EE, HE and
FE will likely be required
— Scope of Upgrade to be defined
— Various Options under Study




" 4

ATLAS Mini-FCAL

ect

Figure 10.2. Baseline layout of Mini-FCal. The left hand illustration is an overview of the Mini-FCal show-
ing the surrounding detectors and cryostat with part of the beam pipe still in place. Five of the preamplifier
boards can be seen on the front face of the LAr cryostat. The right hand diagram shows the Mini-FCal in
detail with the first absorber removed so that the diamond detector layer can be seen. The cooling pipes are
visible at the bottom.
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Phase || CMS Options for End-Cap & Forward Upgrades
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Taking a Fresh Look at the FWD Region

FullSim
1“!.,&@#
w,
% s 3 ) 3 ] HH?‘
Parton Eta

VBF Higgs production with
H—yy (no PU)

Looked at PFlow jets that
were matched to the parton

No tracking information

lllllllllllI[IIIIIIlIII\l

available for forward jets

1 1

4 3
Jet (Matched to Parton) Eta

EtfGeV]
80 =
60
40
20

Clearly see the effect of the
transition between the

Endcap and HF

7/6/2013



Taking a Fresh Look at the FWD Region

Consider extension of Tracking coverage to higher values of n
— Mainly motivated by FWD Jet Tagging for VBF & W W, scattering, which peak a
n~3
* Provide Particle Flow reconstruction / pile-up mitigation for VBF Jets

— May be done “adiabatically”, mainly by extending Forward Pixel Discs

— May allow extension of e, y and u coverage
e consider this from Calo & Muon system stand-point
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Extended Tracker Coverage
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End-Cap & FWD Calorimeters

Options for Possible Calorimeter Replacements

*EE: Study Resolution Requirements, evaluate Shashlik option +
others

*HE: Keep existing absorber, replace scintillator plates with
higher granularity ones

*HF: Replace with similar or more compact detector inside plug

*Other options include:

— An integrated EE/HE calorimeter?
— Extending End-Cap Calorimeters from present =3 tomn =47




= CMS End-Cap Calorimeter

Lyso plates - tungsten absorber - WLS in quartz tube

19
| Pb (4 mm) g. . qoc I
LYSO (2 mm) )
e
4x WLS fibers /\
S ~ /

: e

EE Shashlik Strawman & Simulation

Rad Hard by Design: minimize light path in Scintillator & WL
Quartz Fiber is Rad Hard

« Major R&D effort, radiation and test beam studies
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Calorimeter TOF Pile-Up Mitigation
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A Z->uu event with 25 reconstructed PU Vix
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= A Z->uu event with 25 reconstructed PU Vix

The Tracker can mitigate the effect of pile-up interactions
for charged particles, but cannot help with neutrals

Will precision Calorimetry continue to be possible with
140~200 pile-up interactions?

Is there a useful way to mitigate Calorimeter pile-up?

7/6/2013 HL-LHC, Higgs and Beyond 2013, V.Rekovic

85



Calorimeter TOF Pile-Up Mitigation

e Consider 10ps~20ps TOF calorimeter resolution for
MIP’s and vy, together with Tracker coverage

Time

< T
-

-ali»> >

t<10

t>10

Y z=0

Collisions are distributed over
Several cm in Z, and a few 100ps in time
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Calorimeter TOF Pile-Up Mitigation

* Consider 10ps~20ps TOF calorimeter resolution for MIP’s and v,
together with Tracker coverage

— Tracking identifies location Z, of interesting collision vertex

— TOF of charged particles from that collision identifies time t, of interesting
collision

— Use Z location and time to select calorimeter clusters associated to Z, & t, of
interesting collision

— For H ->yy use timing of y’s to produce reduced list of possibly compatible
vertices, then select best match with similar criteria as for present analysis

* Could result in similar effective pile-up conditions as in 2011~2012
— Neutral hadrons will need special attention
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Calorimeter TOF Pile-Up Mitigation

An EM Pre-shower detector is (one) possible Straw-Man for
Calorimeter TOF

An EM pre-shower could be deployed in the Barrel, in front of the
existing EB

— Where it may be required to reduce number H->yy candidate vertices
As well as in the End-Cap and FWD regions

— Where it may be most useful for filtering out pile-up clusters

— In addition to pile-up mitigation, an EM pre-shower might also give improved st°
rejection, as well as pointing (resolution in the barrel), which may reduce
backgrounds and further aid H -> yy vertex reconstruction: to be verified...




