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Disclaimer

Impossible to summarize
a full week of dense and
rather detailed talks in
Just 45 minutes

..and | also need to give you
some background information

So, | focused on few topics

..and | have too many slides...

For those of you really interested in super details
FCC kick-off : https://indico.cern.ch/event/282344
FCC first meeting: https://indico.cern.ch/event/340703
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Where do we stand ?

SM Higgs
SUSY & BSM



ATLAS-CONF-2015-007
arXiv:1503.07589

Latest Higgs Results

If it looks like a duck, swims like a duck, and quacks like a duck...

ATLAS Preliminary Input measurements
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 \s=7,8TeV
Model &1 Ty Jets EP [Lanm™] Mass limit Reference
T T L} T T L} T T I T T L} T T
MSUGRA/CMSSM 0 26jets  Yes 203 |z 1.7Ter o - ! +anranae
G, =gt 0 26jets  Yes 203 |[g 850 GeV .
@ gy, 4—q¥] (compressed) 1y 0djet  Yes 203 [d 250 GeV N h t f S U SY
S & -l 0 26jets  Yes 203 |2 1.33 TeV o I n o r
& 7% iogalioggW teu  36jets  Ves 20 |& 1.2TeV
B 58 i-qqllltvimi 2eu  03jets - 20 |z 132TeV m(E))=0 GeV
©  GMSB(/NLSP) 1-27+0-1¢ 02jets  Yes 203 |2 16TeV  tan3>20
‘w  GGM (bino NLSP) 2y - Yes 203 g 1.28 TeV m(E})>50 GeV
S GGM (wino NLSP) Teu+y - Yes 48 ()50 GeV
£ GGM (higgsino-bino NLSP) Y 1b Yes 48 m(})>220 GeV
GGM (higgsino NLSP) 2¢,u(Z) 03jets Yes 58 m(NLSP)>200 GeV
Gravitino LSP 0 mono-jet  Yes  20.3 | F2scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(g)=1.5TeV
&g [ 0 3 Yes 201 |z 1.25 TeV (7)) <400 GeV
88 gl 0 710jets  Yes 203 |g 1.1 Tev m(¥1) <350 GeV
3 EO il Olew 36 Yes 201 | 1.34 TeV i) <400 Gev
e 0-1e,p 3 Yes 201 |Z& 1.3 TeV m(})<300 GeV
o bibi,bobt) 0 2b Yes 201 B 100-620 GeV m(?})<90 GeV 13082631
X8 by, bt 2¢,u(SS) 03b Yes 203 |B 275-440 GeV met;)=2 m(r)) 1404.2500
S8 iy, it 12ey  12b  Yes 47 | #[H10-167.Gev | 230-460 GeV mi¥s) = 2m(¥}), m(t)=55 GeV 1209.2102, 1407.0583
88 i, oWt or i) 2equ  O2jets  Yes 203 |[h  90-191 GeV 215530 GeV m()=1 Gev 1403.4853, 1412.4742
S8 i, holh Oleg  12b Yes 20 |& 210-640 GeV m{T)=1 Gev 1407.0583,1406.1122
%g Aif, ool 0 monojetictag Yes 203 |# 90-240 GeV m()-m(EY)<85 Gev 1407.0608
T S fifi(natural GNISE) 2eu(Z)  1b  Yes 203 |& 150-580 GeV m(P%)>150 GeV 14035022
hi, bl +Z 3eu(2) 1b Yes 203 |h 290-600 GeV m(¥})<200 GeV 1403.5222
Tinlig, I8 2e,u 0 Yes 203 |7 90-325 GeV m(r)=0 GeV 1403.5294
XL, X1 —0v(es) 2ep 0 Yes 203 [ 140-465 GeV m()=0 GeV, m(7, 7)=0.5(m(TE)+m() 14035294
B LI ) 27 - Yes 203 |X 100-350 GeV m¥})=0 GeV, m(#,)=0.5(m(¥} J+m(¥))) 1407.0350
,_,g_, O BBt L), 6L 3ep 0 Yes 203 |&LA 700 GeV M )=m(¥3), m(E})=0, m(Z, 7)=0.5(m(¥; j+m(t})) 14027029
S Fih-wizy 23epn  O2jets  Yes 203 |Hih 420 Gev (¥ J-m(E2), m{i%)=0, sleptons decoupled | 1403.5294, 1402.7029
T WL, hosbb/WW/rtyy €M 02b Yes 203 |¥LA 250 GeV m¥s)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
s, K3 Tt dep 0 Yes 203 By, 620 GeV m()=m(i3), m(E})-0, m(Z.)-0.5(m(E3)sm() 1405.5086
Direct X7 %] prod., long-lived #; Disapp.ttk  1jet  Yes 203 |if 270 GeV mET)-m(¥7)=160 MeV, 7(¥7)=02 ns 1310.3675
g & Stable, stopped g R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(F)=100 GeV, 10 us<r(3)<1000 s 1310.6584
=5 Stable z R-hadron trk - - 191 |2 1.27 TeV 1411.6795
2 GMSB, stable 7, 1 -7, per(e.n) 12K - SRR 537 GeV 10<tang<50 1411.6795
S 2 GMSB,#)-yG, long-lived ¥} 2y - Yes 203 |@) 435 GeV 2<1(%)<3 ns, SPS8 model 1409.5542
43, X qqu (RPV) 1 displ. vix - - 203 |§ 1.0 TeV 15 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥ + X, ¥,—e + 2e,u - - 46 45,,=0.10, 43,=0.05 1212.1272
s~ Bilinear RPV CMSSM 2¢,u(SS) 03b Yes 203 |4.% 1.35 TeV m(g)=m(g), ctsp<1 mm 1404.2500
QAW e, e, Aep - Yes 203 |&; 750 GeV m)>0.2xm(F}), 1210 1405.5086
s T =W B ey, e, Bep+T - Yes 203 |X; 450 GeV m(P)>0.2xm(¥; ), 13320 1405.5086
§—4q99 0 6-7 jets - 203 |2 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
gt i —bs 2¢,u(SS)  03b Yes 203 |& 850 GeV 1404.250
Other Scalar charm, E—»c)?? 0 2¢ Yes 203 |@ 490 GeV | m(¥})<200GeV 1501.01325

=8 TeV -
- - ﬁu datg 10” 1 Mass scale [TeV] 7

“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.



ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
Status: March 2015 f-[, dt = (1.0-20.3) fo1 \/_ =7, 8TeV
Model £,y Jets E'T"is5 JLdt[fb'] Mass limit Reference

ADD Gkk + g/q - >1j Yes 203
ADD non-resonant ££ 2e, 1 - - 20.3 °
ADD QBH — £q Tepu 1j - 20.3
S R No hint for BSM
ADD BH high M 2 1£(SS) - - 20.3
ADD BH high ' pr >lepu >2j - 20.3 n =6, Mp =3 TeV, non-rot B
ADD BH high multijet - =2j - 20.3 n =6, Mp =3 TeV, non-rot B
RS1 Gy — 4 2epu - - 20.3 k/Mp =01
RS1 Gy — yy 2y - - 20.3 k/Mg =0.1
Bulk RS Gyx — ZZ — qqtt 2ep 2j11d - 203 k/Mg =1.0
Bulk RS Gy — WW — qabv 1epu 2j/11J  Yes 203 kjMe =10
Bulk RS Gyx — HH — bbbb - 4b - 195 590-710 Gev [l k/Mp =10
Bulk RS gxx — tt lep =1b,=1J2) Yes 203 BR = 0.925
2UED/RPP 2e,14(8S) =1b,>1] Yes 20.3
® SSMZ' — & 2epu - - 20.3
g SSMZ' — 17 27 - - 19.5
(9] SSM W' — &v 1epu - Yes 20.3
8 EGM W' — WZ — & &' Bepu - Yes  20.3 1406.4456
g EGM W’ — WZ — qqtt 2ep 2j11d - 20.3 1409.6190
= HVT W’ — WH — évbb lep 2b Yes 20.3 Preliminary
G LRSMW, - tb Tepg 2b01] Yes 203 1410.4103
LRSM Wy, — tb Oe >1b1J — 20.3 1408.0886
Cl qqqq - 2j - 17.3 Preliminary
- Cl qqtt 2ep - - 20.3 e =-1 1407.2410
Cl yutt 2e,4(8S) =21b,>1] Yes 20.3 [Cyl=1 Preliminary
EFT D5 operator (Dirac) Oe, >1j Yes 20.3 at 90% CL for m{y) < 100 GeV 1502.01518
EFT D9 operator (Dirac) Oe, 1J4,<1j  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e >2]j - 1.0 A=1 1112.4828
Scalar LQ 2" gen 2p >2j - 1.0 p=1 1208.3172
Scalar LQ 3" gen lTepls 1Db1]j - 47 p=1 1308.0526
VIQTT - Ht+ X Wb+ X leu =1b=3j Yes 20.3 isospin singlet ATLAS-CONF-2015-012
iﬁég VIQ 7T = Zt+ X 2/>3epu  =2/>1b - 20.3 T in (T,B) doublet 1409.5500
% g viQ BB — Zb+ X 2/z3 e, z2/>1b - 20.3 Bin (B,Y) doublet 1409.5500
LS viaBB - Wt+X lepg =1b=5bj Yes 20.3 isospin singlet Preliminary
Ts3 — Wt lep =1b=5] Yes 203 Preliminary
Excited quark ¢* — gy 1y 1j — 20.3 only u* and d*, A = m(q") 1309.3230
Excited quark ¢* — qgg - 2j — 20.3 only &* and d*, A = m(q*) 1407.1376
Excited quark b* — Wit lor2ep1b,2jorlj Yes 47 left-handed coupling 1301.1583
Excited lepton ¢* — £y 2eu 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — ¢W vZ 3e 7 - - 20.3 A=16TeVv 1411.2921
LSTC a7 — Wy lemly - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j — 21 m(Wg) = 2 TeV, no mixing 1208.5420
. Higgs triplet H** — £¢ 2 e 11 (SS) _ _ 20.3 DY production, BR(H}* — ££)=1 1412.0237
g‘ Higgs triplet H** — &7 SeuT - - 20.3 DY production, BR(HF* — ér)=1 1411.2921
o) Monotop (non-res prod) Tep 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e Preliminary
Magnetic monopoles — — DY production, |g| = 1gp 1207.6411
N L MR R | L N a3 3l L N L
-1
10 1 10 Mass scale [TeV] 8

*Only a selection of the available mass limits on new states or phenomena is shown.



But lots of remaining questions..

naturalness
dark matter



2009 LHC startup

s-wsv | LHC EVOLUTION
2011 S =7-8 TeV, L =7X 1033 cm=2s1, bunch spacing 50 ns I ~20-25 fo*
2012 I

2013 l Go to design energy and luminosit

2014 L51 \J_J él / .

2015
~ 1
2016 \/; =13-14 TeV, L 2 1x103% cm= %, bunch spacing 25 ns 150 b
2017
2018 1S Injector anfj LHC Phase-1 upgrade to full
design luminosit
2019
2020 \/; =13-14 TeV, L > 2x1034 cm2s%, bunch spacing 25 ns ~400 fb™
2021

2022 1S3 HL-LHC Phase-2 upgrade, IR, crab cavities?
2023 é

------- \/;=13—14 TeV, L =5x103% cm2s1, bunch spacing 25 ns

~3000 fb!




What can we expect ?

SUSY & BSM
SM Higgs “radiography”



The phy5|cs gain 8 TeV 2 13 TeV

Minimum bias Cross section ratios: 13 TeV / 8 TeV

W(ln)

Z(W)

7

t (s-channel)

t (t-channel)

H (ggF)

H (VBF)

WH

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)

Q* and QBH - factors 56 — 370

Gluino production = factor 46
Stop/Sbottom production—> factor 8
ttH - factor 3.9

H(ggF) = factor 2.3

gluino pair (1.5 TeV) J 46
Z' SSM (3 TeV)
Q* (4 Tev) J56
QBH (5 TeV) J 370 WJS2013
QBH (6 Tev) & , 19000 . sitios: 13 TeV / 8 TeV ,;""
1 10 100 1000 10000 /

* Huge improvement at the edge of phase space
* Searches should be priority one in first two years

luminosity ratio
o

First pp Collisions by the end of May

(VdM scans scheduled by then....) ‘
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events / 100 GeV

0

Discovery p

SUSY prospects (2015)

ATL-PHYS-PUB-2015-005

As inspired by 8 TeV analyses

Assuming 20% uncertainty on backg.
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A hint for SUSY signal still possible if the SUSY particles are around the corner
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ATL-PHYS-PUB-2013-011

areuvspu2012.010 LHC-HL prospects

Will be in the position -
to “kill natural SUSY” .

Sensitivity up to 3 - 3.5 TeV

~ L~ -0 .
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ATL-PHYS-PUB-2013-011
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ATL-PHYS-PUB-2014-010

LHC-HL prospects

iz

SUSY Weakly interacting
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Higgs couplings (assuming SM T)
* 2-5% in most cases
* 10% for rare processes (H=> pp, ttH = ttyy)

* may measure Higgs self couplings to 30% ?
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What next ?? gl

CERN Roadmap
USA Roadmap
Japanese & Chinese Connections

19




EU and DOE-P5 Statements
- European Strategy for Particle Physics 2013:

“...to propose an ambitious post-LHC accelerator
project....., CERN should undertake design studies for
accelerator projects in a global context,...with
emphasis on proton-proton and electron-positron high-
energy frontier machines.....”

- US P5 recommendation 2014:

"....Avery high-energy proton-proton collider is the
most powerful tool for direct discovery of new particles
and interactions under any scenario of physics results
that can be acquired in the P35 time window....”

Both CERN and DOE willing to collaborate in the Japanese ILC (if it realizes...)
DOE / P5 (USA community) with an unclear position about a circular e+e- collider

But then comes the Chinese Effect




Pre-CDR (Volume Il - Accelerators) already available on March 24th
http://cepc.ihep.ac.cn/preCDR/Pre-CDR_final_20150317.pdf

Google earth
A

Figure 3.3: Illustration of the CEPC-SPPC ring sited in Qinghuangdao. The small circle is 50
km, and the big one 100 km. Which one will be chosen depends on the funding scenario.

Proposal for a e+e- circular machine
at 240 GeV to study the Higgs
(10 years operation)

50 — 100 KM depending on funding

Chinese CEPC

Table 1.2: Top Level Parameters for CEPC.

Parameter Design Goal
Particles e+, e-
Center of mass energy 240 GeV

Integrated luminosity (per IP per year) 250 fb!
No. of IPs 2

Table 1.3: Top Level Parameters for SPPC.

Parameter Design Goal
Particles D, D

Center of mass energy 70 TeV
Integrated luminosity (per IP per year) (TBD)

No. of IPs 2

Upgradable to a pp collider at 70 — 100 TeV in a second phase

- e+e- project profiting enormously from LEP/SuperKEKB experience and ILC studies....
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Physics Potential of CEPC

107 |

1o A

Number of events

for Sab™

0¥ AN ge™ g
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10° |

102 - € r\ S x> 10°
E W fusion

10®

N Z fusiomn
. / 45 < 103

50 100 150 200 250 300 350 400
V s [GeV]

Running at the ZH maximum cross section
(possibility to run at Z-pole and WW)

It terms of Higgs couplings:
* It goes beyond LHC-HL precision

* Better precision than ILC
(Thanks to the total integrated luminosity)

Relative Error

Relative Error

Precision of Higgs couplingmeasurement (Contrained Fit)

= LHC 300/3000 fb™"

s CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Precision of Higgs couplingmeasurement (Model-IndependentFit)

m ILC 250+500 GeV at 250+500 fb™" wi/wo HL-LHC

s CEPC 250 GeV at 5 ab™' wi/wo HL-LHC

0.1

1073




CEPC proposal for Detector

HCal

Detector Concept inspired on ILD -

— Calorimeter designed using intense R&D by CALICE collaboratic

— Vertex detector: R&D on pixel detectors similar to LHC-HL

Shielding

= ||l1/—- Detailed simulation of Detector-Machine interface
T _- ~and configuration of the collimator configuration

= = = = = = =3 Final focusing magnets inside the detector

unit: cm 50 100

S
o

Collimators

Ongoing studies on Physics Backgrounds at machine
* Synchrotron radiation

*electron-positron pair production

*Radiative Bhabha scattering 10

Horizontal [mm]
S 8
TTT | TTT |

T

Vertical [mm]

Altogether this proposal (looks) solid ol



CEPC CEPC Schedule

&
- R&D .
Pre-studies - = . Construction
y Engineering Design B
EETE T ote2020) A _

15* Milestone: pre-CDR (by the end of 2014) — R&D funding request to Chinese government in 2015
(China’s 13* Five-Year Plan 2016-2020)

2030

2015
202
'2035

SppC
; : : )

R&D Engineering Design Construction
(2014-2030) (2030-2035) (3035-2042)

Funding request to take place this year for 2016 — 2020
—2In principle, aiming for an international collaboration

- Interesting times... how is this going to “collide” with ILC-Japan ?



CERN roadmap

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

| | |
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FCC Participants

PL; 1.5

_ﬁgg , Eur::CirCol

Other; 4

128

Institutes

21

Countries
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2014 2015 2016 2017 2018

Ql | Q2 | Q3 | Q4 | Ql [ Q2 ([ Q3 [ Q4 | QI | Q2| Q3| Q4| Q1 | Q2| Q3| Q4| Ql | Q2| Q3| Q4

Workshop & Review, cost model,
LHC results # study re-scoping?

Ph 3: Study
consolidation

T T T

Workshop & Review
4 large FCC Wprkshops
distributed over Ul G

participating regions

| | | |
Release CDR & Workshop on next steps<@>

¢ We are here.
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Future HEP Global Facilities

Intense Frontier

Hadron Colliders |Lepton Colliders
Accelerators

PIP LHC
PIP-II HL-LHC ILC

Current Efforts

Multi-MW proton 100 TeV classpp 1 TeV class energy
beam collider upgrade of ILC

Further Future , , ,
Neutrino factory Multi-TeV collider

Goals

As already mentioned, the circular e+e- is not part of the current plan

*dependent on how physics unfolds

U.S. DEPARTMENT OF
EN ERGY Oﬁ,-lce of U.S. Research Activities Related to Future Colliders - 3/23/2015 3
Science 28



PS vision for evolution of Energy Frontier facilities
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FCC (pp and ee) @ CERN

Quasi-circular tunneliof 80 to100'km perimeter
= e |

Jura

Prealps

Ain Department

Canton of Geneva

[ e+ e- collider
. wn~—"| Collision energy 90 to 350 GeV

/ Very high luminosity
( Haute~Savoie Department <

\/\j _é‘g\

Jura Hadron collider Schematic of an
16 T=> 100 TeV for 100 km fl‘r’ct‘l’:r'iz‘n':;g
20T =100 TeV for 80 km

Key technologies are high-field magnets for the hadron collider

and an efficient high-power superconducting RF (SRF) system for the lepton collider. E§

Aravis
A

-



Infrastructure is a cost driver

Cost structure of high-energy accelerators

LHC “green field” (reconstructed) CLIC 500 = “green field”

M Accelerator components
M Accelerator infrastructure

m Civil engineering

M Injectors
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FCC 100 km perimeter

Geology Intersected by Shafts Shaft Depths

Shaft Depth (m) Geology (m)

Shaft  Actual Min Mean Max Moraine Molasse Calcaire

Alignment Shaft Tools

Choose alignment option

Alignment Location

e

100km quasi-circular ¥

Tunnel depth at centre: 263mASL !
2
Gradient Parameters 3
Azimuth (°): -20 4
Slope Angle x-x(%): .65 &
Slope Angle y-y(%): .
7
CALCULATE 8
Alignment centre 9
X:  250011¢ Y. 1108575 10
LHC Intersection IP1 IP2 n
Angle -65° 65° 12
Depth 221m  180m Total 3309 3152 3331 3501 521 2597 220
Alignment Profile
1000m — Surface
—Lake
200m —Molasse
200m Calcaire
- = *Alignment
700m —Shaft

e e Ve

Okm 10km 20km 30km i 40km X S0km 60km 70km 80km 90km
Distance along ring clockwise from CERN (km)

Siting studies based on topography, hydrology and geological model of undergrgzund



Tunnel infrastructure

IN] | o INJ
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3
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FCC-hh 100 km FCC-hh 83 km

Emergency extraction
duct @1.2m

Single tunnel, longitudinal ventilation
Opt. 1: @int: 6.0 m

Fixed Curtain

EL - 2 Cable trays
520 mm

6.0 m

Lighting

Roller curtain

~ T~ T ey Dismountable blocks

Cryo Line @800mm

EL - 2 Cable trays
520 mm

Survey window

Electronic racks + shielding

Fire fighting water
DN 80

. 66kV cable
Lighting

Demineralized water
DN 40

2h Fire Protection

Helium recovery DN200

Compressed air DN150

Safe passage

Transport Vehicle

FCC - hh Machine

Safe passage ventilation
DN500

Transport zone

Cooling Water 2x

Personnel Passage

P — < T~ DN400

Drainage @1m

CENTER OF RING

Tunnel footprint and machine integration
in tunnel cross-sections investigated

First sizing of cryogenic systems

Similar studies performed for the FCC-ee
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HV network to feed FCC

Thonon-les-bains

—BOURGENBRESSEA® |

| e . -
(.1 =g !', en-en-genevois
P~y
o) @ : Bonneville
\! _ -

Poweyji-ghshenergy /

issues are 4

4
'<( e

400kv 225kV 150kV 90KV
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Power Needs

LHC Steady FCC-hh Steady | Comment
State Power State Power
[MW] [MW]

Magnet Circuits 20 86.4 Wall-plug, worked out estimate
RF 18 32 Rough estimate

Cryogenics 32 190 To be revisited/refined

Cooling 20 71 Power in cooling water
Ventilation 14 56 Rough, 4 x LHC

Other Machine 2.5 10 Rough, 4 x LHC

General services 13 52 Rough, 4 x LHC

Experiments (10+10+5+05)

In general a factor 3-4 more power needed for FCC-hh compared to LHC



energy/beam
bunches/beam

beam current

hor. emittance
emittance ratio ¢ /¢,
vert. IP beta function B’
luminosity/IP

energy loss/turn

synchrotron radiation power

RF voltage

| 1;\”;3\*‘ / -
LI e 4 ~_ N
e, L
N S
L S
y LS Q 7 BE e
B9

=
'Eynchr()tron radiation into IR major challenge :

45 - 175 GeV

50 - 60000

6.6 — 1450 mA

~2 nm

0.1%

1 mm

1.5-280 x 1034 cm2s?t
0.03-7.55 GeV

100 MW
0.3-11GV

One of the main challenges
synchrotron radiation

(requires shielding..etc...)
e 175 GeV

11—

z

here 2.2MW/beam of MeV v’s into detector region

FCC-ee parameters

105 GeV

4

3 mA

~22 nm

1%

50 mm

0.0012 x 10** cm?st
3.34 GeV

23 MW

3.5GV

24 cm absorber

Copper (2mm tube)
water cooling




RFs for FCC-ee (and FCC-hh)

RF: 800 MHz, 400 MHz or a combination (800 MHz needed for tt configuration)

_“_-

Energy [GeV]
Beam current [mA] 1450 152 30 6.6
SR power [MW] 50 50 50 50
Energy loss/turn [MeV] 30 330 1,670 7,550
RF voltage [MV] 2,500 4,000 5,500 11,000

1E+36

RF: 400 MHz (just about 2 x LHC)

/450 mA
FCC-hh (per beam) | 50 TeV 80

v [ W L
Energy [GeV] 50,000 : - — - j-:::::,
Beam current [mA] 510 E o e
SR power [MW] 2.4 (eras il &.3mA Bl
Energy loss/turn [MeV] 4.6 7208

RF voltage [MV] 32

1E+33
0 2000 4000 6000 8000 10000 12000
RF Voltage [MV]



ILC, CLIC, CEPC, FCC-ee

r 03 r 1 T 1 T 1 || L T ' 1 T || 1 § ]
: 1 = o ! —
q:m = e FCC-ee (4 IPs) >
g — » FCC-ee (Crab Waist) -~
v I“ . |LC 9
™ o .
O  10? —8Z: 12x10%em’s ILC (Lumi Upgrade) .
= == SR +  CLIC -~
b - '.i\.’v Wi 4.8 x 10‘ om<s v CEPC (2 lPS) -
w - : 2.4 x 10 cm?s! :
2
é 10 :— 7.2 x' 10" em?s” _j
— - —
— - ..... ) ,‘——A—-—'—’_"'r—'_’_'_fh—‘ :
J - ) 7;_""._-_":_,_,—» I —
B ~500 GeV 1.8 % 10™ cm¥s" —
11— fi:.1.0x 10" cmis! -
— HZ 75 % 10" cmis’ —
- WW 505 107 cmveg -
u Dashed Ines : Possible energy and luminosity upgrades _
1 1 1 A 1 1 1 i 1 1 1 1 1 ! |
0 1000 2000 3000
Vs [GeV]
In few years e Several trillions, up to 103, Z decays
at different

e Several Okus (10%) W decays
centre-of-mass energy

ECC-ce could collect e Several millions Higgs and top decays

Shows clearly how a circular collider wins in terms of luminosity and precision 38
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173.34 +0.76 I | Tev.+LHC

My [GeV](©) 125.14 +0.24
My [GeV] 80.385 4 0.015
Tw [GeV] 2.085 =+ 0.042
Mz [GeV] 91.1875 + 0.0021
Iz [GeV] 2.4952 4 0.0023
o 4 [nb] 41.540 4 0.037
RY 20.767 4 0.025
A% 0.0171 + 0.0010
Ap 0.1499 4+ 0.0018
sin?0%: (Qrp) 0.2324 4+ 0.0012
A, 0.670 = 0.027
Ay 0.923 4 0.020
AL 0.0707 4 0.0035
A 0.0992 + 0.0016
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RY 0.21629 + 0.00066
Me [GeV] 1.27 1097
M [GeV] 4.20 7047
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Aol (M2) 2757 + 10
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A full program of precision measurements that will require also lost of theoretical work



FCC-pp

A 100 TeV pp Collider..



Development of short 16-T dipole models in all regions
(America, Asia and Europe) by 2018 and, in parallel,

-“@ demonstration of 20-T magnet technology based on the
‘( combmatlon of high- and Iow-temperature superconductors

Image © 2013 DigitalGlobe

Image © 2013 IGN=France

27 km, 8.33 T 27km, 20T 80km,20T 100 km, 16 T
14 TeV (c.0.m.) 33 TeV (c.o.m.) 100 TeV (c.0.m.) 100 TeV (c.0.m.)
1300 tons NbTi 3000 tons LTS 9000 tons LTS 6000 tons Nb;Sn

700 tons HTS 2000 tons HTS 3000 tons Nb-Ti



R&D on Machine for LHC-HL

Field progress in accelerator magnets ° N.EW IR-quads Nbssn (inner
tesla triplets)
14 .
- | HL-LHC * New 11 T Nb,Sn (short) dipoles
10 NbsSn ez * Collimation upgrade
s NPT e * Cryogenics upgrade
- LHC .o
6 1 HERA =" # Field (T) ere 1.2KM of LHC modified
Tevatron ) e - ° Crab Cavities
4 e .
) g ¢ « Cold powering
o |SPS&Main Ring (resistive) . , * Machine protection
1975 1985 1995 2005 2015 year °
16
1 World record field 13.8 T

VLHC 10 T Dipole — e e e T e
N0 | e T T e e 2 - LHC 11 T Dipole

o 8 | LARP 200 T/m TQ quadrupole
6 -
4 VLHC R&D LHC upgrades R&D

1999 2000 2001 2002 2003 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015

P A ST

HFDA HFDM-LM TQc TaM-LOM MBHSP MBHSM

HFDC (R&W) 43.5 mm Dipole mirror 90 mm 200 T/m  Quadrupole 60 mm 11 T dipole Dipole mirror MBHDP
40 mm 10 T dipole 10 T dipole quadrupole mirror 60 mm 11 T dipdI@



R&D on HTS and SRF

Also significant advances on HTS and
SFR technologies towards FCC-hh/ee

Long way to go to make it affordable
(now about $2000/Kg magnet)

Advances in SRF Performance

Record Current in High-Temperature Superconductor (HTS)

Achieved 500 A/mmZ2at 30T,

Current Density Across Entire Cross-Section -VEY A
4.2K in Bi,Sr,CaCu,0;_, (Bi-

1,200 :
i g 1
1,000 I — Existing state-of-the art
f This (’fs‘.‘": conductors (Nb,Sn for
< 800 Lol LARP) sustain this
~ A gy performance onlyto 18 T
- 600 "-m,,_..L'E’L — LHC NbTi conductors
E NN T sustain this performance
2 400 7 on!y to 11.T
=~ LHC Nb-Ti 1.9K LARP Nb;Sn — This practical HTS magnet

(CERN-T. Boutboul '07)
Reducing the te ejftom
200 - 42kprduces

for Nb-Ti

material is an isotropic
round wire which can be
cabled on existing

° 0 5 10 | 15 '20' ‘25 30 machines
Avolied Fi — Competing HTS materials
pplied Field (T) . .
are anisotropic tapes and
Nature Materials - March 2014 DOI 10.1038/nmat3887 not easily made into
* Impact magnet cables

— This level of current density could technically enable magnetic field levels
that double existing particle collision energies

U.S. DEPARTMENT OF Office of

ENERGY Science

U.S. Research Activities Related to Future Colliders - 3/23/2015 12

Recent SRF advancements have
been driven by fundamental
understanding of the underlying
physics of the cavity surface

— Microscopic mechanism of “Q-
disease”

— Origin of the “high field Q slope”
— Mechanism of the “120 C baking”
— Nitrogen doping to increase Q

— Effect of cooling dynamics on Q

10" ——

0° 10" L

10°

0 5 10 15 20 25 30 35 40
E,.. (MV/m)

RoomT * * N doping
body- * traps H,
centered removes
cubic Nb hydride
phase only . phases
. 8 . 120 Chake
94K: = R
Y « reduces
Nb hydride « * b
hases * © & . .} nano-
PIOses L resatar. TRI a0 hydride
appear . s P ,.A' .._' « |+ density

U.S. DEPARTMENT OF Ofﬂce Of

ENERGY Science

U.S. Research Activities Related to Future Colliders - 3/23/2015 13

SRF Advances Widely Benefit DOE SC Program

* Lower loss (higher Q,) SRF cavities will reduce —w =
the cryogenic plant capital cost and long-term B 4
operating cost of future accelerators

— The BES LCLS-Il project will be the first
beneficiary

— Process applied to PIP-Il 650 MHz ($=0.9)
cavities leads to double Q, compared to 120 C
bake (standard surface treatment ILC/XFEL)

* World record Q, of ~7e10 at 2 K, 17 MV/m
attained at this frequency!

- T=2K, fast cooldown from 300K 10" e T T T
40010 T o
810 g
= Predressing 2= "ap
2.6x10% = Post-dressing | - 610 F vqu" 4 .,
YRS | e
32610° - et d . : Yo tug
-*-=- L] 4x10° 'v"v
2810 % ] 5
pate® i LCLS-1l spec
210" F 0
0 [ 4 5
2.0x10' Phg-ll high beta spec
1.6¢10° - 4 w AES 004, N doped
A PAV-103, 120C baked T=2K
1.2¢10° ] v AESO06Ndoped |, ...
6 2 ¢ 6 8 b ke 2 0lv=8 6 18 20 22 24 26 28 30 32 34
E__ (MV/im)

Eacc (MVim)

SRF cavity performance exceeds LCLS-1l specifications PIP-Il cavity performance after % %aping

U.S. DEPARTMENT OF Office of

ENERGY Science

U.S. Research Activities Related to Future Colliders - 3/23/2015 14



R&D on main Dipoles

Operational field (T)

T *\vldptn‘e X 8 more energy stored than LHC
gl G— o - 10000
i * HE-LHC20 T
. # O
D === 16 T P ‘HE'-LHC (Malta)
- Nb;Sn HI e ~
i (max.r¢ ) D20 FlGS(dz £ 1000 — T
10 - ‘ ‘(max.reached) i 77*MFR95_63_£V%* I
———————— T HC ~ MFISC//3 MSUT
~ Nb-Ti 2 LHC /,
[ SSC >
5 “E 2 HERE/;SS_Q
I Tevatrlgﬁla = 100 Tevat e
- _“RHIC [W?‘
- RHIC |
0 20 40 60 80 / : |
Coil width (mm) 10
1 10 100
o Field=current density * width of the coil Bore field (T)

o Consensus that 400 A/mm? is a reasonable and feasible value

o Coil width needed is 60 mm — two layers not enough
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FCC-pp
—————

Luminosity [103*cm2s]

Bunch distance [ns] 25 25 25 (5) 25 (5)
Background events/bx 27 135 170 (34) 680 (136)
Bunch charge [10'!] 1.15 2.2 1(0.2) 1(0.2)
Norm. emitt. [um] 3.75 2.5 2.2(0.44) 2.2(0.44)
IP beta-function [m] 0.55 0.15 1.1 0.3

IP beam size [um] 16.7 7.1 6.8 (3) 3.5(1.6)
RMS bunch length [cm] 7.55 7.55 8 8
Turn-around time [h] 5 4

Crossing angle [0 ]

One of the multiple challenges: Machine protection
8GlJ kinetic energy per beam (2000kg TNT per beam)
O(160G)J) in magnets

O(20) times LHC

—=> High risk at injection and extraction




Snowmass report: arXiv:1310.5189

100 TeV pp collisions

Process |0 (100 TeV)/o (14 TeV)
WW ~10

ZZ ~10

tt ~30

H ~15 (ttH ~60)

HH ~40

stop ~103

(m=1TeV)

100 TeV vs 14 TeV PDF Luminosities, NNPDF2.3 NNLO
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It really opens a new energy frontier---
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FCC-pp at 100 TeV and considering a
total integrated luminosity of 3 ab-1

Drell-Yan

Discovery reach

4.5 TeV @ 14 TeV LHC, 300 fb-1
5.5 TeV @ 14 TeV LHC, 3 ab-1
28 TeV @ 100 TeV, 3 ab-1

114 |
TeV
Same
lums.
5
o AN
9gB ~; _
LD FZBH,CIV“C]
5 10 15 20 25 30 35

Mz, (TeV)
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FCC-pp at 100 TeV and considering a
total integrated luminosity of 3 ab-1

o(M,>M,.) (£b)

‘njm1_”hemA<1~5

100 TeV

pr’™ > 500 GeV, [nl<25

M (TeV)

To recover LHC-HL sensitivity
would take 1 pb-1 (1 day operations)

min

Dijets and W’

w
VAVAVA
3
10 ;l LI | LI B B | I LI B B | I LI B I | LI B B | LI | lg
10% M(W)=46.5TeV @ 100ab™* —~
10! M(W')=39TeV @ 10ab™* -
100 M(W)=31.5TeV @ 1ab’ -
1071 — -
2 W' production, SM-like couplings to quarks 3
[ Int Tum (ab™) for 100 Events at 100 TeV ]
10—2 lllllllllllllllllllllllllllll
20000 25000 30000 35000 40000 45000 50000

M(W) [GeV]

Assuming SM couplings... FCC-pp
could exclude a W’ of 32 TeV
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SUSY Reach for pp @ 100 TeV

100 TeV vs 14 TeV PDF Luminosities, NNPDF2.3 NNLO
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100 TeV / 14 TeV J}

10°
M, [ GeV ]

106 IIIllll|Illllll|lllllllllll|lll|
pp—gd

—— {s=100 TeV
—— {s=33 TeV

— {s=14TeV

------- 40 events in 3 ab™
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|
0 2 4 6 8 10 12 14 16
my [TeV]

pp—tt

— {s=100 TeV

— {s=14 TeV

M 40 events in 3 ab™

NLO+NLL (Borschensky et al., arXiv:1407.5066
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SUSY Reach for pp @ 100 TeV

In terms of Higgs/EWK p ) : ﬁ
hierarchy problem - X1
This scenario implies . X v
a tuning of the level of 0.05% ”

CL, Exclusion

T T T T | T T
PP—>09—>qdy, 40,
95% CL exclusion
= 100 TeV, 3000 fb"
m— 33 TeV, 3000 fb™!

= 14 TeV. 3000 b
— 14 TeV, 300 fb

: 10000__ J/S=100 TeV == Boosted Top _; ’
. [Ldt=3000fb" =—Compressed | 3
- | Egysbkg = 20% 100 Q9
i %) - €sys,sig = 20% 3 ©
] (D ;I 10-2 ©
= 5000 E 8
1N =
N 10°
. L
i = 10"
| | | | ! | 0 -A/‘I_H_ nfa
10 1! 2000 4000 6000 8000 10000
m, [TeV] m. (GeV)
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Dark Matter

X q N
1 mx
— Qx Y
X q (ov) 9Ix
t (ns)
100 10! 102 10°
LI IIIIII ‘JTIIII 1 1 IIIIIII 108
I X (,‘_m\"’ m, =100 GeV
104 X X
100
1o Increasing <ov>
104
1078
102
Q
10-10 X
100
10712
102 O
o N
104

10—16

| I — L 1 Illllll

100
T (GeV)

(o(xx — any)v) ~ 3 - 10~ 26¢m3s—1

Weak scale for xx annihilation cross section

N\

Dark Matter

Dark Energy

After Planck

0.1 pb-c
(o(xx — SM)v)
92

Mwivpe < 1.8 TeV | —

0.3



Dark Matter @ 100 TeV

q g X T I IIIII T l LI I LI ", T LM l IIIIII I Ll
wino disappearing tracks I ‘ \\\:OIIider LimitS
o S\ @ 100 TeV
) higgsino “ W 14Tev
Monojets .
mixed (B/H)
q X mixed (EIVV)

gluino coan.
stop coan.

squark coan.

Long-lived o
(disappearing tracks) °

Multi-Lepton Limits

(
/ / wino / higgsino & NLSP mass
~0 2
P, X2....- ~< . [ LSP mass
e [ T Xl higgsino / wino
. R Multileptons
T < . . .
1 Xi \0'\ ) higgsino / bino
/ wino / bino
1 1 1 1 I 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 5 6

A 100 TeV pp collider would probe the multi TeV WIMP mass [TeV] 53



R&D on Detectors

2. Option 3: Toroids + Solenoid + Dipoles (ATLAS+)

About 50% bigger

Toroid + Dipole, BL? scaled

Tracker r=2.5m p, reso 15% at 10TeV
Thin Coil R= 2.5m, B=4T

12 lambda ECAL+HCAL =1m+2.5m
Muon Toroid

Forward Dipole 10Tm

Physics gets boosted and
detectors coverage needs to be
increased in the forward regions

R R e e e e e e e RS ee e
— WH14TeV |

—— WH33TeV 1
— WH80TeV ]

o
o o
o ¥)
o a
M

a — WH100TeV -
0.015F M -
C i ]
- =] g o ] i B -: ul "i_ -

Normalized events a.u.

0.01F

0.005

In addition the detector needs
bigger calorimeters to contain
the particle showers and finer
segmentation to resolve
particle flows
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2. Option 2: Twin Solenoid + Dipoles

Gap filled with 3 T
and muon chambers

shielding coil

Twin Solenoid: 6 T, 12 m dia, 23 m long main solenoid + shielding coil
Important advantages:

* Nice muon tracking space: gap with =2-3 T for muon tracking in 4-5 layers.
* Light: shielding coil + structure = 8 kt, much lighter than the iron yoke!

55 10



examples close to us
(Hadronic Calorimetry & Pixels)

For Hadron Calorimetry ATLAS TileCal
with finer segmentation and increased A
is already considered a good solution

® High segmentation achievable
by optimised organization of
tiles and by the number of
fibres coupled to a single
photo-detector.

» Minimal changes needed in
optics/mechanics to exploit
full granularity @ FCC-hh

For the tracker a full-pixel solution
(similar to ALICE 2018 upgrade) considered

Gon,
Dh: 3mm tiles every 9-18mm in Z->0.0007<Dh<0.008
DR: 11 tiles and 8 fibres in R -> 8-11 layers with 1/<DR<0.5 |
DF: 20 cm tiles-> Df=0.1 (with dual fibre readout)
In total ~ 620k fibres and 40k tiles ; but ~80-300 Tile-fibres couplings in 1PMT =:

Fibres start at
different R and go
radially out =>

. - Nofcracks
& ¥ . itudi i €

10 k channels ; DhxDf=0.1x0.1 ; 3 longitudinal layers in LHC I Tile - Rsegmentation N ew ITS Layout X

Cost/performance compromise in electronics costs (~730CHF/channel in 1?8] (no grooves) - PMTS out Radius 25 G-pixel camera

Minimal changes needed in optics/mechanics to exploit full granularity at RCC- (10.3 mz)

| Fibres

W
— Outer layers

* 12 Aindepth

* Energy resolution with C~3% and below

* Longitudinal segmentation for 3D clusters

= An x A = 0.05 x 0.05 (and smaller)
- Based on resolution studies of substructure variables 7 layers of MAPS

An x Ag =0.025 x 0.025 (and smaller) for pT(jet)~10 TeV
- ~4 better than for ATLAS/CMS

- X2 — increase of the distance from IP

- X2 — improvement in instrumentation Radial coverage

22— 406 mm

Beam pipe

700 krad/ 1x10™ 1 MeV n,
Includes safety fa)'cp;r 10




FCC-eh

For Completeness...



Resolving Proton Structure
T

—) [ T T T T T T T T
E [
< L
5 100
otes on FCC-eh { " _ rnwpraa
[ nford
Muon Detector . . 1
Asymmetric ep collider 10%
Hadronic Fwd-Endcap Hadronic Calorimeter ook (e energy of 50 GeV) :
107 £\
[ plA . ° . Oé E \S\
Motivation--- PDFs, Higgs = bb, LQ g,
i
10° |
Probably it will never see the light... .|
L T ™ i
H r LHeCE i : [ r
Loss compensation 2 (90m) Loss compensation 1 (140m) Y1061 ¢ Bxperiment RPVS
N P ERD Substrt 10° 2
? | HERA Esperiments 1960 1980 2000 2020 2040
Linac 1 (1008m) = 105:— [ Hl and ZEUS
Injector £ Fixed Target Experiments: Yyear
Matching/splitter (31m) ) ) F oS mMe Large x
Matching/combiner (31m) P I—— Higl?. Gluon
Arc 1,35 (3142m) Arc 2,46 (3142m) [ mm eess Pfécslzn Higgs
- suac Q Boson § [T T
10°E ELweak S016C — E
Bypass (230m) ‘ g Physics T i ]
C a S =§§ 3
Linac 2 (1008m) Cin2 L= -z 3
10 c Nuclear 0'12:_ E
/ AN F Structure 04 3
Matching/combiner (31m) . F C ]
IP line Detector 10 L High DcnsityMatE ok 3
Matching/splitter (30m) | E ]
QGPlasma 0.06F =
Figure 7.29: The schematic layout of the recirculating linear accelerator complex. 1 L N 0_04:_ 3
. ] 0.023— —
10 4 L 4
- . . 10 E = % o0& =
To be included in the beam lines IR LN
-7 -6 -5 -4 -3 2 K
. 10 10 10 10 10 10 . 1
and to run together with FCC-pp [H.0 Biorken X
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Lets look into the future...

Final notes..




Final notes: Scenario |

e Scenario la (we find new physics at LHC-HL)
— Name it.. SUSY....etc
— The next natural step is to explore the complete mass spectrum
—> strong motivation for a 100 TeV pp collider

e Scenario Ib (we find hints for new physics at 10-50 TeV)
— For example via contact interactions indicating
new physics coming with A ~ 10 TeV
—> Again, strong motivation to go for a 100 TeV pp collider

* Are la/lb above still consistent with an e+e- collider for

precise Higgs and EWK measurements ?
— If contemporaneous to LHC-HL it might add to the physics case for a
100 TeV pp collider and/or will indicate better which energy to target
(ILC in Kapan ?, Circular Collider in China ?, FCC-ee ?)
— If considered as a natural continuation of the LHC-HL ... it will take long...time
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Final notes: Scenario |l

e Scenario Il (we do not find new physics) |
— There will be no indication on where BSM would be S

— However, one can argue we are moved by curiosity and an order-of-
magnitude increase of energy (at the edge of the near future technology)
just makes sense.....

— One can also argue the R&D effort to make it possible will have a positive
impact on the Society and will keep the field alive.

(provided it is not ridiculously expensive)

e It still makes sense to study in detail the Higgs in a e+e+ machine
— Might still give us hints on where BSM would be and an scale for it

— Hard to believe the community will build more than one e+e- machine
— It might include tt-bar threshold scan or not

= ILC, CLIC, FCC-ee, CepC in competition (all good friends.. of course..)
—> Some questions related to Higgs (HH couplings V,V, scattering)
might need a higher energy machine above 1 TeV e+e-) ... a pp collider...?
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FCC 2016 : Rome 11-15 April 2016

In any case... the next three years of LHC @ 13-14 TeV
will dictate to large extent where to go (or where not to go...)

First Physics Data in June... we will have a hot (and busy) summer

ALBA participates in the FCC studies
Maybe we can find an ALBA-IFAE common project
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“Natural SUSY 2015”
Q:’;P:"’j /ﬂw TF Ejré;’“

[So0 \\, N h_O B \_\-‘I_I o ho \\\T'/l ho
J ) L
~ ~ m 2 2
Lt e
\ ) B
v 3y? A
2| o 2,2 2 2
. N omy p = g2 (mQ; + My, +|A,| )ln(TeV)
2 z 2y (a 2 A
. ~ om; =20 | D g Pin? 2
unawliaue_ +"'N:7-(: (H;Or-%') ) (l'—r%) M gluino Jl'2 ( T )l 3| (TeV)
t J
N. Arkani-Hamed talk at CERN Oct. 2012 _ [ cost: sind, 27
to —sin @; cos6, tr
—> Light higgsinos
b One light stop and sbotton I 7
~ Light stop (t, < 1 TeV) ....rest of sparticles can be kR
decoupled....

—> Light gluinos (< 1-2 TeV)

(same weak isospin maftiplet)



Cross Section [pb]

e S S G w—Y
S O O O OO e e e = e e
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SUSY @ 14 TeV LHC

Vs = 14TeV
Followed prescriptions in 1206.2892 [hep-ph] — pp — 38
pp — 44"
m— pp — 11"
— PP
\

>
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The Top Threshold - Ultimate Sensitivity

e

precise external as helps

G

Perspectives for Top Physics at (INC
TOP2014, Cannes, October 2014

o) 1.4 T T T T ] The cross-section around the
Q - tt threshold - 1S mass 174 GeV K .
— - - threshold is affected by several
S 1.2 -~ TOPPIKNNLO -~ - ISR only = ,
= . ) properties of the top quark and by
O L ==« CLIC350 LS only —— CLIC350 LS+ISR i
» V. Yu Qs . « Top mass, width, Yukawa
8 08 [ o7 R NS -a :
5 [ i @ coupling
o §oammmmemt “ _— » Strong coupling constant
0.6 n mt (“" ) > )
0.4 h
N . e
02 . .
L, ---:":.?..: """""""" CLIC T
0 1 1 1 L l 1 1 1 1 l 1 1 1 1 l ] 1 X -
345 350 355 —
\s [GeV] e
» Effects of some parameters are correlated;
dependence on Yukawa coupling rather weak - ‘ Here: Extract mass and as |

1

Frank Simon (fsimon@mpp.mpg.de)

B -
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cross section [pb]

ILC vs FCC-ee

* Comparing ILC and FCCee - assuming identical detector performance

- o vl o o ot ' o ot e AL L O I L D O Y B B B

0.8 [~ tt threshold - 1S mass 174.0 GeV N é 0.9 - tithreshold - 1S mass 174.00GeV E

Rl ottt | S 0.8 = — TOPPIK NNLO + FCCee 350 GeV LS + ISR -

: . ETIg =2 - 3

I simulated data: 10 fb™'/point 15 0.7 f— —— Simulated data: 10 fb'1/point ''''' —f

0.6 |~ -~ top mass = 200 MeV = S Top mass + 200 MeV o

Uw) 0.6 E_ /E’/;‘ﬁ :}&;L = s L=er =", —E

S 05F e A =

0.4 O =t 0 ]

04 — : O o 7 A B e =

03 / ------------------------------------------------------- =

0.1 Eo «/ I based on LICALE Top Study >

e T EPJ C73,2540 (2013) | <

0 O _I 1 1 | | 1 1 | 1 1 | | 1 1 1 | 1 1 | | | 1 1 | 1 1 | | 1 | 1 I 1 1 I_
342 344 346 348 350 352 354 356

Nominal CMS energy [GeV]

' NB: Assuming unpolarized beams - LC
't{ beams can be polarized, increasing cross-

sections / reducing backgrounds
With 100 fb-1 at same conditions ILC reaches a precision of 18 MeV vs 16 MeV at FCCee
68

Simulated data points -
same integrated luminosity




TeraZ: final word on Asymmetries

Long standing difference
between Alr and Agz(b), it
must be sorted out

measurement of Alr with
long. polarized beams

direct measurement of
the b couplings (again
need long. polarization)

Could potentially reach
~10¢ on sin2theta

What can be done without
long polarization ? (next
slides)

A‘O,l

0b
Afb

0¢
A

<be>

Average

103-_

>
O
S
T
S

1021

. /
sin” 6,

0.23099 £ 0.00053

0.23218 + 0.00031

* 0.23220 £ 0.00079
X - 0.2324 £ 0.0012

iy 0.23149 + 0.00017
1’¢d.of: 106/5

Aoy = 0.02761 +0.00036

A m= 1743+ 51 GeV

0.23

T
0.234
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P5’s collider vision: ILC

Precision tool: “Use the Higgs boson as a new tool for discovery’
contributes also to: “Identify the new physics of dark matter’
“‘Explore the unknown: new particles, interactions, and physical properties”

Energy upgrade path to ~1 TeV,

Upgrade path differs from circular colliders, whose upgrade path is to pp.
Scientifically motivated by:
» Higgs self-coupling (~13%); precision Higgs-top coupling (~2%)
« Extended search for new particles couplingtoy & Z
« Motivation increased if LHC/HL-LHC discovers new particles

Status:
« TDR—-June 2013 -> technically ready
« Japan is considering whether or not to host ILC.
» Subject of active discussion between DOE and MEXT (Japanese

Ministry of Education, Culture, Sports, Science and Technology)
« LCC is targeting 2018 construction start.
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y Estrategia Europea

<7 The European Strategy for Particle Physics

Update 2013

“The discovery of the Higgs boson is the start of a major
programme of work to measure this particle’s properties with the
highest possible precision for testing the validity of the Standard
Model and to search for further new physics at the energy
frontier. The LHC is in a unique position to pursue this
programme.

Europe’s top priority should be the exploitation of the full
potential of the LHC, including the high-luminosity upgrade of the
machine and detectors with a view to collecting ten times more
data than in the initial design, by around 2030. This upgrade
programme will also provide further exciting opportunities for the
study of flavour physics and the quark-gluon plasma.”

Brussels/Geneva, 30 May75013
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Very much supported by the recent USA P5 Panel recommendations

' ‘L’.‘-ﬁ;:

Building for Discovery

Strategic Plan for U.S. Particle Physics in the Global Context

Report of the Particle Physics Project Prioritization Panel (P5)

J)\ Near-term & Mid-term High-energy Colliders

LARGE HADRON COLLIDER

* The HL-LHC is strongly supported and is the first high-priority large-category project
in our recommended program. It should move forward without significant delay to
ensure that accelerator and experiments can continue to function effectively beyond
the end of this decade and meet the project schedule.

* Recommendation 10: Complete the LHC phase-1 upgrades, and continue the strong
collaboration in the LHC with the phase-2 (HL-LHC) upgrades of the accelerator and
both general-purpose experiments (ATLAS and CMS). The LHC upgrades constitute
our highest-priority near-term large project.




Scaling from LHC to FCC-hh
mm

Energy 7 = 50 TeV
increase

Luminosity 1 > 5E34 cm?s
increase? 5 =2 30E34 cmst?

Protons per 3.2E14 - 1E15
beam3

L 4 ~50 fb't = 250 fb!

Int, year

Tunnel 352>26m
diameter?! 35245m

Induced activity (material & air),
residual and prompt dose rates

LHC nominal to FCChh base 5
FCChh base to ultimate 6
Induced activity, residual and prompt

dose rates

LHC nominal to FCChh base ~ 3

= Induced activity, residual and prompt
dose rates in loss regions
- Max. dose for catastrophic loss

LHC nominal to FCChh base 5
Induced activity, air activation

Single tunnel - Air activation ~3
Double tunnel - Air activation ~1.6

1. 1&0 WG, 2. MDI WG, 3: FCC-ACC-SPC-0001, 4: FCCh GD



