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LHC Upgrades Calendar and e‘kpw?hal\e ge i

P ¢

g Phase 1 Upgrade—>Run 3 (2020-2022): twice LHC design luminosity

Event pileup reaches ~50-60 collisions per beam crossing (@ 25 ns)
Factor 5 increase Iin trigger rates relative to 2012 run

* Phase 2'Upgrade>HL-LHC Runs 4,5,..(2025-2035+...): 5-7x 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

: G e - m , A
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New LHC / HL-LHC Plan

m Upgrade | |
Run | Phase 1 [l Run il | Runs IV,V?

13-14 TeV

injector upgrade 5to 7 X
splice consolidation cryogenics Point 4 o nominal
button collimators dispersion i r]Ctrgr%l!:rt?gn HL-LHC installation luminosity
R2E project suppression regions
collimation
50 = 25 ns Gamage
. 2 x nominal luminosity 4
nominal nominal luminosity experiment Upgrade
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~Higgs' Boson Properties: Field Strength Tensor g
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Structure via H>ZZ*>4(

Jmi section: 17

A(H — ZZ) — E_,‘-'_l (HP‘”%FTE; —I—{?Zf” f (2),mv +a f”l f )}11)

SM tree process loop CP-even CP-odd contributions
contributions BSM)

& Test for presence of extra anomalous CP-even (coupling
a,€<—>g,) and CP-odd (coupling a;<—>g,) coniponents

@ 8D fit involving kinematical variables sensitive to a, and a,
with free parameters Re(a;)/ a; and Im(a;)/ a, ; I=7{2,3}

(m4|’mz1|2’81,2’ (P! (P1 :e*)

- ATLAS Simulation Preliminary - —
8D Fit: g, | # 95% CL limits: (0,0)

] corresponds to pure CP-
even ‘0+ SM state
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= 8D Fit: g /g, -

S ] # Factor ~2-3
‘ Improvement in precision
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“Search' 'Q'r.a‘dditionag-(BSM) Higgs bosons:

from.coupling’ measure ent reinterpretation
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Search for additional (BSM) Higgs bosons:g N”s

via H/A=> uu
# Binned LH fit to the p*" w
mass distribution, 2 categories @ 5o contours in the tanp-
(with and without b-tag) mA plane in MSSM, mhMax
scenario:
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Search for additional (BSM) Higgs

D A bosons via H>ZZ~>4/(

.: c X BR limits as function of m,, 3000fb-1 (ATLAS includes BR to 4(), probe up to factor 40 below SM
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Search for additional (BSM) Higgs

# CMS: 50 (green)
and 95% exclusion

- (blue) contours in the
. tanf3-cos( B~ plane,
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[white zones in slide
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1y Search for additional (BSM) Higgs
). bosons via A=>Zh= (lbb

# & X BR limits as function of m, 3000fb-1 (ATLAS includes BR to (lbb)
: Binned LH fit to m, | # Bin-by-bin counting experiment
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Integrated ; K. Kawagoe
' (modified)

Existing Physics : g [ THe T
—> Higgs and Top Quark X107 e ow
New Physics beyond SM: T b [ ]
«* Learn “everything” about H (125) o F T HZ
+* Probe dynamics of EWSB o T ]
2 I % Direct or indirect DM searches & 1F | ;'f HHv, —
+»+ Evidence for BSM physics - B
; 10 | ‘ ) HHZ
WL [l S
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0 1000 2000 3000
Is [GeV]

/188 preparation 2506GeV 3706

2018 2028 2034
construction 1 118V 7 several eV

preparation construction, operation, upgrade » * *



P(e-,e+)=(-0.8,+0.3) @ 250 - 500 GeV
P(e-,e+)=(-0.8,+0.2) @ 1 TeV
Almost doubles luminosity for Hvv events

Ring to Main Linac (RTML)
(inc. bunch compressors)
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' The Compact LineérCoiIideh(éﬁQ (8

S

ssm= CERN existing LHC e+e- 500 - 3000 GeV
Potential underground siting:  ~# x-band accelerator technology _SHEsE Envisioned IO_Wer
2008 CL'C 500 Gev 2-beam acceleration ‘\ bound on COM IS NOwW
" 350 GeV
ssee CLIC1.5TeV ¥~ 2-6x10>4 S Phvsics 22033
esee CLIC 3 TeV : M) SR e G y\"?.ICS : N
, Al > 2L 2 ) A
i ferences * -
326 klystrons clreurm 326 klystrons e -\
delay loop 72.4 m A :
33 MW, 139 us I I I CR1 144.8 m | I I 33 MW, 139 us .
drive beam accelerator 2.38 GeV, 1.0 GHz = CR2 434.3 m drive beam accelerator 2.38 GeV, 1.0 GHz
g [ i [ i ;
P 1 km 1 km
delay loop > o e 4 delay loop \,;
CR1 @ decelerator, 24 sectors of 876 m =y
AN yod
= /4 "y,
BC2 m m m m f’m m M M BC2 2
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: N\ [ b
. - | .
CLIC SiD 48.3km CLIC_ILD
@ 80% e~ polarisation foreseen at CLIC
— 12% more HZ and HeTe™ events | booster linac, 9 GeV
— 80 % more Hv.V. events

e~ injector, 2.4 GeV e’ injector, 2.4 GeV
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~ The Future Circular Collider (FCC).. "%
# pp collider (FCC-hh, protons or ions) — 100 TeV CoM — defines infrastructure.

# e+e- collider (FCC-ee/TLEP) — 80-350 GeV CoM - as potential intermediate step.
#e-p option (FCC-eh) Reference: TLEP/FCC-ee physics

# Organized as an international A G

collaboration, Infrastructure in Geneva area
J:‘-l",- < : .

s N

%

Schematic of an

FCCee (TLEP)

80 - 100 km
Explored with long tunnel
CMS-like detector
@ Alm for
LEGEND CDR/Cost
= LHC tunnel :
Review for next
++x++ HE_LHC 80km option ESG (2018)

- # Physics ~2040/ 9
S. Gascon-Shotkin ‘Prospects for B§M Higgs'Boson Searches at Future Colliders’1€hdrged2014,*Uppsala Sept. 18 2014 19




CEPC Reference:
ILD-like detector

€
#: CoM energies: CepC. 240 GeV, SppC not finalized, 50-90 TeV
# Aims for CDR end of 2014, e+e- collisions ~2028; pp‘collisions ~2042

e+
High Encrpgy Booster(7.2Km)

Medium Energy Booster(4.5Km)

Low Energy Booster(0.4Km)

CEPRe i ollider Ri"Ef—‘-ﬂKm‘]

Sppc Collider R_[ng-['ﬂﬂ[( ]
B Km)

LTB : Linac to Booster

BTC : Booster to Collider Ring




N2P3
CMS r\d Higgs boson production at future o) ) Collidersg
= B 10°

'§ T ]

\

# ttbarh
overtakes VH In
Importance at
CoM of ~40 TeV

—h
<
LHCHIGES XB WG 2013

o(pp — H+X) [pb]

£G \OX
Z H+l-
coproduction with
tb 2 orders of
magnitude higher

—_
o

M, = 125 GeV
MSTW2008

\ T at 100 than at 14

* TeV CoM
=23 (E] o
- .~ bH=), s =14,100 TeV, Type 2 n3=10
A . . . _ _ dipp—tbil=), W s =14, eV, T'ype 2 tanf=
# Production Heavy Higgs 7tggHaH), Vs 100 TeV. y—susn e

S500—————— . —
of a 2"9 heavy _ MG4

Higgs boson
at CoM of 100
TeV

001}
0.001¢

ggF: SusHi ST ol
= (;2() (ttH: MG5*K vy NGA G
s, 1 200 400 600 800 1000 “ | T

ave my |GeV| G My [GeV]
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#Interpretation
of precision
NEESEERIS
of SM-like
Higgs boson
coupling
constants i 4
(slide 10) to
disambiguate
2HDM ‘Type’

(Y)=TypelV(ll

#EXperimental
sensitivities
from
Snowmass
HWG
(1310.8361v2)

S. Gascon-Shotkin

Souplings:

I cos(ﬁ—a) 5IO

FIngernprntng: In )Jr

11

ogl 090 lcuI:E:O.QO, tanfp=1
Type-t-Y Ky VS Ke
- ¥ ¥ ST I T
u, et al,, arXiv: 1406.3294 *e*o)
15 : .
Ky VS Ke cos(Pp—o)= 0
141

tanf=1, k2= 0.90

Type-1,-Y _

1,090
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CLIC BSM nggs Prospects A7 gc' N2R3

(30 ‘-; ’
. Sa ’ s’ ':‘q".n

A = 'SUSY Model

_ II%mA:742 GeV
# e+e-2HA

% ete->H+H-

# bbbb, tbtb final
states, tanp large
) _ # b, ttagging +
500 800 1000 1200 1400 0500 800 1000 1200 1400 constrained Kin. fit
Di-Jet Invariant Mass (GeV/c?) Di-Jet Invariant Mass {GeWcE}

—
o
o

Entries / 2 ab”
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&
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References:

™ CLIC CDR and
# mH,mA,mHumeasurable to 2 Abl|lty to resolve guasi-

%-level ', degenerate mass spectra

CLIC SUSY Higgs Mass Reach 1400

== CLIC 3ab™'
Tevatron 95% C.L.

LHC-7 95% C.L. T | mGMS B
e : | mSUGRA

CLIC s =3 TeV
e e — HA

- | X ’ ~ 5 ~ "
| > 400 O CLIC Measured‘
] X :

200 200 600 800 1000 1200 1400 . 200 -
CP - odd Higgs mass My [GeV]

—_h
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[Ldt = 1000 b at ¥ = 100 TeV with <Na,> = 40

Events / 10 GeV
S,
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# 2HDM: Heavy
neutral H>z2Z->4(
(shown) & A->
Zh~> [[+{bb,rr}

T I T I LI I LI I LI I LI I T T T I T
[ E. 5. Bjjvee. BB, BEB
B s ee
-

——— H—ZZ(m = 300 Ga¥)

—= == H—= ZZ (m = 500 Ga¥)

# Backgrounds; VV,
LAVARVATAY)

# o X BR sensitivity
1000 1200 1400
WGt to 100s of fb

200 400 600 800

R 3 3 5 §

T IIIIIII| T IIIIIII| T I)‘I M T IIIIIII| T IIIIIII| T TTTTIT

o(pp — H) x BR(H — Z2Z) [fb]

¢ H>Z2Z>4L
5c discovery
contour in the
tanp-cos( f—o)
plane, probes
zone allowed by
couplings
(mMH=800

——— 5o signal significance
—— 3o signal significance

— 95% CL exclusion

N Craig et l (BSVI@100 TeV.(Feb 2014).
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GeV,1000fb2)
m, [GeV]

-+ ECC-hh BSM Higgs prospects: -+ &

"

TYPE 1 ZHDM: LHC H—ZZ vs. couplings, my; =800 GeV

S significamce. 100 TeV

TYPE 2 ZHDM: LHC H-ZZ vs. conplings, my,; =800 GeV
T ‘ T 1




Summary and Conclusion

% Upgraded LHC:
#Prospects for BSM-related of properties of the observed
Higgs boson:
#Invisible branching fraction: similar for indirect and direct techniques,
< ~30% after 300fb-1 |
~15% after 3000fb-1
# Field strength tensor structure: fraction of CP odd Contrlbutlon
<~20% after 300fb-1, <10% after BOOOfb\H '

CMS Simulation 2013 s =14 TeV  L=3000""

# Prospects for {o] addltlonal (BSM) Iggs bOSOI)S

# Indirect from coupling measurements and ditect: [0/ Joth cases COU|d T T it
probe large portions of 2HDM phase space-startingB3¢emimRun 3 T e

> .

# Prospects for {o] addlt’onal (BSI\/I) ng )
# Indirect: from interpretations of coupling de\( ?‘mo'ns ‘and preC|S|on mass
measurements for model disambiguation.~ |/ \
# Direct. ~Doubling of phase space probeablé|J

@& (between lepton and hadron machlnes) An exciting road

lies before us!
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 04:24:49 2010 PDT
Run/Event: 140382 / 159943472
Lumi section: 171
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CLIC Timeline

2013-18 Development
: Phase

Develop a Project Plan for a staged

i implementation in agreement with
LHC findings; further technical

i developments with industry,

i performance studies for accelerator
parts and systems, as well as for

i detectors.

CTF3&ayoutl

DELAY®@
LOoOPH

ARNEHEL. 2En s COMBINERE
150MeVE  — RINGE

«,

DRIVEEBEAM® A ;
LINACE ~28FAR-L 40k
/ 150@MeVE
1.oyz»' CLEXE
y CLICExperimental@real
/ >

Two-BeamestBtand{TBTS
TestBeam@ineF{TBL)Z

2018-19 Decisions '

On the basis of LHC data

and Project Plans (for CLIC and
other potential projects as FCC), :
take decisions about next project(s)
at the Energy Frontier. :

: 4-5 year Preparation Phase

Finalise implementation parameters,
Drive Beam Facility and other system

i verifications, site authorisation and
preparation for industrial procurement.

Prepare detailed Technical Proposals for
i the detector-systems.

i Construction Phase

: Stage 1 construction of CLIC, in
: parallel with detector construction.

Preparation for implementation of
: further stages.

DL delay loop
CR combinerring | |
TA  turnaround

TBA two-beam acceleration
B dump

drive beam accelerator

048 GeV, 4.2 A
DL
T @

B 0.25GeV,101A

0.48 GeV, 101 A

—M 65GeV,1.2A

e~ injector TBA
0.25GeV,1.2A

5[ 00 4 |08 a0 b L33

2024-25 Construction Start

Ready for full construction :
and main tunnel excavation.

Commissioning

Becoming ready for data-taking
as the LHC programme reaches
completion.
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LJ-IC XS WG Ceuphhg Fit Detalls

_umi section: 17

Global fits targeting the k factors

= L=300fb ", Scenario 1

L=300fb !, Scenario 2

L=3000fb ', Scenario 2 |
Do not resolve loops, effective _ — Les000ms . Scenario 1 |
coupling instead (kg, ky and kz,) : :

e
a-BR(ii—)H—)ff)chSM-BRSM’—z‘
K
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“#-The increase in center-of-mass energy from 8 to 13 or 14 TeV is usually
accompanied by a sizeable increase in production cross sections (in general X2
for SM Higgs)

# However the LHC experiments will be dealing with greatly increased pileup
(number of interactions per beam crossing will go from ~15 to 40)

# This will affect the efficiency to |dent|fy physms objects’, (electrons photons,
muons, jets...). The experlments are rrently reevaluatlng and reworking the
relevant algorithms. {5
# In particular, for analyses searchlng for\r\_latl\yély IOW -Mass resonances,
triggering will be a major challenge:—__ \ 13Ty

ke
=
©
—_
>
=
73
o
k=
S
=

MSTW2008NLO

CMS Experiment at
Data recorded: Sun
Run/Event: 194108
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New LHC / HL-LHC Plan

LHC

LS1 14 TeV LS3
13-14 TeV

injector upgrade 5to 7 X
splice consolidation aps cryogenics Point 4 nomlnal_
8 TeV button collimators . dispersion ”%g‘gg?gn HL-LHC installation luminosity
—— R2E project suppression regions —
collimation
2013 2014 2015 2018 2019 2020 2024 2025 III m
radiation
damage

2 x nominal luminosity

nominal nominal luminosity

L

S ) } experiment upgrade
luminosity 75% I experiment beam pipes I/——' phrase 1 o ment R s

1.7-2.2 1034 cm2s1
25 ns bunch

0.75 103* cm2s1 1.5 1034 cm2s1 Technical limits

50 ns bunch 25 ns bunch

(experiments,
high pile up ~40 pile up ~40

pile up ~60 too) like :

50 = 25 ns

High
Luminosity
LHC

- —————
e ——————— Lucio Rossi@ICHEP2014 31




"@'CepC(2IPs) ' 1
e FCC-ee (4 1Ps)
m_ILC

CLIC

v“'.

e = . Y WP
500 GeV:'1.8'x 10* cms™ Modified from original version:
o HZE 75 108 emls & 7

1 | 1
2000

Bunch/train Lumi within | Long. polarisation
x-ing rate(Hz) 1% of /s e /e

4x10° >99% considered
2x107 >99% considered
5 : : 87 % 80%/30%
5 : 58% 80%/30% periment at

orded: Sun

50 33% 807%/considered [UBEYPRS
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Future ee couplings c@mpé‘{f&%ﬁ%

: # The +
N existing LHC
Potential underground siting : A 4
esse CLIC 500 Gev , .\,
esse CLIC1.5TeV P 1
esee (CLIC 3 TeV :

Integrated luminosities correspond to 3-5 years of running
at each /s for e*e and 5 years with 2 experiments for pp

0.24+0.35

0.25+0.5

- ttyy, t14l| > bbyy
HL-LHC 14 180 | 3600 ttyy |250
FCC-hh 100 5400| 12000 ++4] 0000

)< IR Yy O Ly A <10% of events usable



y | RN N 2 P 3
. S Future ee couplings compans&% -

N

s [ < # The
ssm= CERN existing LHC

Potential underground siting :

eses CLIC 500 Gev
ese® CLIC1.5TeV
esee CLIC 3 TeV

, A e RPFE
@ Currently studied scenario 'f"'w:
e /s=350GeV /375 GeV, 500 fb~?
e SM Higgs physics including
total width measurement
@ Top threshold scan

o /s=14TeV, 1.5ab !

@ BSM physics
] susY model i e ttH, Higgs self coupling

o) .
=i ;| [ :
5 - : _:'ii @ Rare Higgs decays

§ 1 — charginos @ \/EZS TEV, 2 ab_l

¢ r 1 — squarks )

g = ] —emi @ BSM physics :
S 1F . e Higgs s.elf coupling e ¢ o9

il 1 @ Rare Higgs decays
E ., .h - Py v . ww ©— INJECTION DESCENT TUNNEL
10-2 e ; P DRIVE BEAM INJECTOR R
0 1000 2000 3000
Vs [GeV]
. » - H‘ » . DRIVE BEAM LOOPS INTERACTION REGION
SUSY model 1 SUSY model 1 - e
State Mass Width Mass Width
(GeV) (GeV) (GeV) GeV

Withoutyy A/H 902.1+1.9 214450 742.7+1.4 217+33 .
Without vy H* 901.4+19 189+44 7443+20 17.0+47 ;

Withyy ~ A/H 9045+28 20.6+63 743.7+1.7 22.2+3.8 | CLIC SCHEMATIC

With vy H* 902.6+24 202+54 7469+2.1 21.4+49

Higgs Boson Searches at Hgture: olliders’ ,Charged?014 4L ppé@aﬁ@gtﬂ&-?@ K W~ 1034



Future hh machines

Nbs;Sn ok up to 16 T;
HT?S needecFi) for20T Magnets (T) /s (TeV) L (103%)

8.3 14 up to 5

16-20

12
19

16 May reach ~103°

CMS Experiment at
Data recorded: Sun
Run/Event; 194108
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Constituent Center-of-hass Energy [GeV]
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Future hh machines

Comparison of Colliders L

at the Energy Frontier &
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o
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¥
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CMS Experiment at
Data recorded: Sun
Run/Event: 194108
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CEPC-SppC Schedule (Preliminary)

* CPEC

— Pre-study, R&D and preparation work
* Pre-study: 2013-15 =2 Pre-CDR by 2014
e R&D:2016-2020
* Engineering Design: 2015-2020

— Construction: 2021-2027

— Data taking: 2030-2036

* SPPC

— Pre-study, R&D and preparation work
* Pre-study: 2013-2020
e R&D: 2020-2030
* Engineering Design: 2030-2035

— Construction: 2036-2042

— Data taking: 2042 -



Future hh machines

14 TeV

CMS Experiment at
Data recorded: Sun
Run/Event: 194108
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Assumptions, methods and scenarios

[ \

& ATLAS: Use fast simulation to mimic the beam effects on momentum and energy
resolution, acceptance, identification and reconstruction efficiencies, fake rates,
etc. Some rescaling of Runl results for some analyses.

# CMS: Assume that upgraded detector will compensate the effects of higher pile-

up, use three different scenarios:

. . COttH
ATLAS Simulation B8 \WH

CJzH
f L dt = 3000 fb” __VBF

Z Some studies with fast simulation

CMS Simulation 2013 s =14 TeV L = 3000 fii’'

Phase || Detector - PU140

Events/GeV / 3 ab-1

Il diphoton
@ ttbar

Conf-3: H - ZZ* = 4
Conf4 H = 7Z7* = 4 i

%
0]
=
FE-‘
C
2
1]

s I o M,, [GeV] R NALETA  __: [P NS,
_éMS_fpﬁ'@gwghﬁ In"Prospects Tor B 12gs Boson dearches at/Future Colliders’ ,Charged2014, Uppsala Sept.-18.2014 39



- = .
CMS | / N HI

ggs:Boson Properties: Couplings and
= B3 \ "** Event 140382 1 Goipling ratiod] (1)

ﬁ

= Global fit procedure of LHC Higgs XS WG
(arX|v.1307.1347 ), modifier for each «,

effective k for loops, k,=2K;BR.for i in SM

CMS Projection CMS Projection

I T T T I T Y T [ T - I T T | T T T ] ] | T T T | T
Expected uncertainties on 1 300fb"at s =14 TeV Scenario 1 Expected uncertainties on 1 3000 at 5= 14 TeV Scenario 1
Higgs boson couplings — 300fb"at s = 14 TeV Scenario 2 Higgs boson couplings — 3000t at {5 = 14 TeV Scenario 2

0‘1e(2(lpected t‘J?\ggrtainty | | 0.190"""90"9" ”?"gg”a]my
‘2ALn L: 1 ) (%) Ky Kw KZ Kg l{13 t KZ? Ku
300fb* ATLAS [8,13] [6,8] [7,8] [8,11] N/a [20,22] [13,18] [78,79] [21,23]
CMS [5,7] [46] [4.6] [6,8] [10,13] [14,15] [6,8] [41,41] [23,23]
3000fb* ATLAS [5,9] [4,6] [4.6] [57] N/a [8,10] [10,15] [29,30] [8,11]

CMS [25 [251 24 [351 [471 [7.10] [25] [10,12] [8.8]

el
’A‘?-L"{E(Jﬂ ’SﬁUB‘QOEB Qi,{;,(s Gascon-Shotkin ‘Prospects for BSM Higgs Boson Searches at Future Colliders’ ,Charged2014, Upps#8 |
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AME £ arkivionan C. OER ! ] ) N2P3
ona 1o 1190S BOSOR Properties: Couplings and =&

|y et 1403521 Goupling ratios (2)
RTPHYS PR R0 30T ¢

i LS,
R, TS T o

# Fit coupling ratios to avoid assumption on tatal width ATLAS Simulation Preliminary
300fb-1: Ranges from 3-22% (ATLAS), 4-23% (CMS) 5= 14 TeV: L300 o fiet=a000
3000fb-1: Ranges from 2-10%(ATLAS), 2-8% (CMS) ~ B
7\‘WZ
|
CMS Projection CMS 'I:'r‘ﬁl“‘*"ft":"l‘ —
I ::cI I IunI Iinlinaﬁllt:-nI o I3:|n|:|r|:'lat ;-1_:7-15'.:5&1'1&%". Expected uncerainties on  =xda 7= 14 Tew Smmilz 1
Ei:::fljjsanmli;m ratios E 3mmat E- 12 e\ Bcanark 2 |':'FEII:;IE:}:":‘E':"" WUPH:EIE ratios ] o0t "l.;" 14Tel Bcanario b
LN } i K» l."_.'r:“ ‘ luZ
i, [————=—— fermmsdet ! P
1‘:;\' Iy Lo ‘-.- hgz
e . o
r: K — :illl:: I I Mayz
L T SR TN TR N NN T N NN A TN NN S M
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gg%yy/gg%H%gg mterference convoluted with
detector resolution shifts mass peak, function of
natural width (I'sy,=4.1 MeV), probeable via pt,,
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