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Events / 5 GeV
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ATLAS Preliminary
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[ Signal (mH=1 25‘Gev) ]

[ Background ts, tt

I Background Z
o A ] The Frontiers of PP
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Possible Strategy

B

1. Mesuring the electroweak sector with the HIGHEST ~
possible precision with e"e- collisions
2.5 Obsgt vation of deviations from the SM 1sy-l‘f)'v1d1rlg'F

: "\Elx ions on the scale of New P11ys1.cs K. -
R) plomng this New Physics directly with pp collisions:~
4. If needed; complement the studles Wte_hﬂother types of
= ——coHlisions e >
‘1"""' + =“&"p collisions
* vy collisions
* utu collisons

A « >50-year » programme ! |




Possible Scenarii (cont’d)

When

after LHC
@14 TeV

Non standard Higgs |
and/or new physics

Standard Higgs and
nothing else

® Depending of NP scale e'e”
and/or pp : CLIC or
TLEP+VHE-LHC or
VHE-LHC directly

VHE-LHC (pp 100 TeV) |
or uu collider (if new e #
physics hints <§ TeV) ~ \

toward very High Energy ...
...possibly with the same complex?




Can one do this all in one?

Extended Multnymbe
Collider Complex




E-mc¢?

TLEP : et&up to_
s ~350 Gev .
/:: i
— RSP (0 )
SPS (6.9 km)

CERN 1mplementation
capitalizing on existing infrastructures




Luminosity (x1033cm2s1)

10000

1000

100

[EEY
o

If you want to know more about TLEP see

Luminosity vs Energy
TLEP: Instantaneous lumi at each IP (for 4 Ips)

~TLEP(1-IP)

-=-|LC

f \ CLIC

\x ~-TLEP(4-1P)

500 1000 1500 2000 2500 3000 3500
Center of Mass Energy (GeV)

arXiv:1308.6176v1 [hep-ex] 28 Aug 2013

Website: http://tlep.web.cern.ch/




March 201|2 : :

[CJLHC excluded
| —LEP2 and Tevatron
1 LEP1 and SLD

Direct myy, my,,
measurements

Need to improve
* Measurement @Z-pole

* M, and M, ( @threshold)
« My



#7.in 1 vear #Win 1l year #H in S years #topin S years
@Z-pole @161 GeV @240 GeV @~350 GeV

# events@TLEP ‘
with 4 detectors |

Beam E cal. with
reson. depolar. LEP Preliminary

Ny= 2 oo
RacoonWw /[ YISWW 1,14

N, 3

l E [MeVl
N, =4 -

“n7 47175 478 247185 44719
-] T T
i [

§o o e
+

&
fa L

TLEP Programme

ALEPH

o™ [pb)

|
ross sachin [
= ] -

Amy, (MeV) ~10 ~10 =
Am, (MeV) 800-1000 500-800 34

@ Theor. limited

o ~100 from theo.
Amy (GeV) Theor. errors
indirect B 20 > should match!
Amy (MeV) @

direct ~100 ~50 ~35

OverkKkill for now




Polarization at circular colliders

e’(e”) spin naturally align along dipole magnetic field
Transverse polarization builds up by synchrotron radiation emission
(or if needed using wigglers)
Transverse to longitudinal polarization is achieved with Spin Rotators

—

SR1R

o

* Resonant depolarization is achieved with small field (perpendicular to
dipole field) RF-magnet with frequency in phase with precession
frequency. (Precession period is proportional to beam energy)

* Depolarizing RF-magnet frequency measures beam energy with <0.1

MeV 4




High precisions at Z pole and WW and top thresholds

Quantity Physics Present Statistical Systematic Challenge

‘ precision uncertainty | uncertainty
my, (keV) Input 01187500 = 2100 | Z Line shape scan 5 keV < 100 keV QED corrections
I'y (keV) Ap (not Aayag) 2495200 + 2300 Z. Line shape scan R keV < 100 keV QED corrections
R te. O 20.767 £+ 0.025 7. Peak 0.0001 < (.001 QED corrections
N, PMNS Unatarity, ... 2.084 + 0.008 Z Peak 0.0000= = 0.004 Bhabha scat.
Ny ... and sterile 1¥'s 202 +0.05 £, 161 GeV 0.001 < 0.001
Ry, b 0.21629 = 0.00066 Z Peak 0.000003 | < 0.000060 (8 Hemisphere correlations
ALr Ay, €3, Adthad 0.1514 + 0.0022 Z peak, polarized 0.000015 | < 0.000015 Design experiment
my (MeV) | Ap, €3, 65, Aayg BO385 + 15 WW threshold scan | 0.3 MeV < (0.5 MeV QED corrections

Input 173200 = 900 tt threshold scan 10 MeV < 10 MeV Theory interpretation

Myon (MeV)

E

beam

calibration with

resonant depolarization
unique to circular collider

= OE

beam

be possible @ TLEP

<0.1 MeV should

¥ Indirect my; measurement error
= TLEP + matching theory = dmy+ 1.4 GeV
TLEP + present theory = omy =+ 11 GeV

% 9 —
= — : i i i 1
:E- . = s TLEF, matching theory ermrors !:
= i TLEP, current theory errors
] 7E
- LEP, SLC, and Tevatron
6E
5F
PI=N
-F N 3 A
- ' | .'I
1E \‘- L]
= \ ..-#""""’, U o
0 &0 70 a0 a0 100 110 120 130 140

Higgs boson mass (GeV)




High precisions at Z pole and WW and top thresholds

M,, [GeV]

Extending the concept to a BSM framework,
and projections:

80.60

80.50

B8040

80.30

~ expenmental emors 68% CL: 1
— | EP2/Tevatron: today
= LHC: future (HL-LHC)

ILC/GigaZ

| SMM, =127 GeV MSSM, M, =123.127 GaW [FIITTTT |
i, Sk, MSSM 1
Heinemeyar, Foli, Stockinger, Waigsin, Zeuns ‘12
_l | | | | | | | 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 |_
168 170 172 174 176 178
m, [GeV]

T I

- | = Standar] Maodsl

1 "!l\. 1

..

= F - 7 5 3

L-'l"r AT —[—TLEF I pocka) {llr ) h L
- | | == TLER (D) IIII ) (__,-"--
E . I §lwect] | ¥

- M | —AHC Fulum) [ i
._:_Eu'hs'_ = Tircalron i

1715

R

A —

Clsmm |

172

= i

1725 173

ITAE

Indirect:M;=94.0
Direct: M =125,

174

Top mass (Ze\]

17415 ITh

-
-

).007

SM i I'J.'I'.'iiﬂﬂl'l'lﬂ'l'ﬂul 1L gi
<= ATLAS modsursment Jariig:1207.7214) - '
- CMS measurement [ Jeorreas] =

Actual
S ——

P 'Y T ‘IIUIJ-IIIIIIIIIII!II'IIIIE
To 80 5l 100 114 120 130 140

M, [GeV]




High precisions at Z-pole

Many other measurements would benefit from Tera-Z producﬁen
»

Channels Production/year Physics
T 3 1010 pairs Rare decays, conservation laws...
corb quarks >2 101 CP violation, rare decays...

e.g.>310B,  Large B, sample with clean environment
within SM > 1000 B - ‘C+‘C detected

___|

Complement to B > p W for NP search

- -

i"
-
-

Example of non-SM S :
] g

N ...orany NP
| loop process
favoring 34
generation




Study further the Higgs properties and couplings

VHiggs — _ﬂz ¢T¢ + A(¢T¢)2 +Myi.? IIJR]-¢ + h. C.]
| J




High precisions physics at H threshold

Accelerator 2> LHC
Physical
quantity |

Approx. date

Amg (MeV) 100

RV --

AT, Ty 18— 14%

X 7 - 5%

AZHoo/ SHoo 8— 6%
Agwa/ SHww 6— 4%
Agnz7/8nzz 6—4%

Agunu/Eunu

Agy/E ~30%

AgH‘t‘L‘/ SHr: 8 —6%
-

A/ Srbb 13 —10%
A/ Bhte 15— 14%
Am, (MeV) 800-1000

Amy, (MeV)

300fb-! /exp

2030-35?
1.7 x 108

11-7%
5-2%
5- 3%
5-2%
4-2%
<30% ?
(2 exp.)
~10%
5-2%
~7%
7—4%
10—7%
500-800
~10

LHC is the benchmark Higgs Factory

Power law best fit (& =240 5, o = L0222

e

(o)
=

Coupling A

Coupling measurements with precisions:
> in the range 4-15% with 300 fb-! per exp.
> in the range 2-7% with 3000 fb-! per exp.




ElectroWeak Symmetry Breaking precision measurements

Example : Precision for Higgs couplings

-

+  SUSY modifies tree-level couplings

1T
9nbb _ _Yhrr  _ 14 1.7% (

. ghSMbb ghSMTT

s M \-\ o A - = = = o -

e.g.-light stop is an important search (h1erarc_h;9&&blemf

g hgg

~1+11.6% (

Yhsmgg

Inrr  _ Ynvv

Pt

Ihsurf  YGhsyvv

Higgs couplings should be measured as precisely as possible!




High precisions at H threshold

| Best Fit Predictionsl

h — vy}

h—Z2

h —WW ———e —=@in

h — gg —e—
l
|
|
h—rr =
|
h —bb o
* CMSSM high mass
L CMSSM low mass
F' N NUHM1
1 SM unc. Higgs WG
-+  \World average Ellis & You
—40 —20 O 20

(BR_ BRS’W-?’)/BRS&I(%)

40

| _a— -

e vd AN
Sub % sensitivities
on couplings to
Higgs are highly
desirable to probe
new physics at and
above the TeV scale

e -
- | % - B
T - o



High precisions Higgs couplings at 240 GeV and 350 GeV

Great e'e” asset: Tagged Higgs sample
= Total Higgs decay width

= Individual branching ratios to sub %
= Invisible and exotic decays

But ...
Cross section modest = very large luminosity

e .

| +  Reconstruct Z
 Determine recoil mass
(thanks to be beam-energy
constraint)

Z -> |+]- with Higgs -> visible

> 1800
]
~ 1600

Unpolarized cross sections P Janot and G. Ganis BRs '
e ' ' _OHvv )
,Onz, BRs, ’

e m, é i 5 \Nli(ltll 5 _;_:ral : = width

——

—HZ, Z-> nu|1u

s section (fb)
]
3
W
=
o
=]

CMS Simulation

: : : : — WW-=>H |
...... e i | == 22 > H

— Signal

i All backgrounds

—FT

—WW

— Zyv,Zae,Wev
+l-

LEP3, 500 fb™, {s=240 GeV

0

]
S 1400
S

“ 1200

1000

goo—  Eessde 0 Y | B anl e R S
600
400

200

%
o(oyy) = 0.4%
Gy %Gy and o, IBR(H > ZZ)oc g, /T, e dl, 02,/ 0,, IBR(H — ZZ)

Higgs mass (GeV)

— i |
240" 260 280 300 320 340 360
Centre-of-mass energy (GeV)




Total Higgs decay width can also be extracted from W-fusion

-

[, <oy, .,/ BRIH—>WW)=k0uw_um! BRUH = WW)xBR(H — bb)

+
=]
(=]

Y}
=}

Events /500 fb ™
f
thn
=

O(Cww->H-bb )
=0.6%

Simulated Data—
WW Fusion
HZ |
Background
Fit result

bl — kS
PR Mt TRk et S

R .
100 150 200 250

Missing mass (GeV/c”)

Process and final state

ete” = HZ withH — ZZ

WW — Hwith H — bb at 240 GeV

WW — Hwith H — bb at 350 GeV

Combined




_ 6.0% 1.0% Sensitivity to Higgs

~7% 2.9% 0.45% Coupling at TLEP
2.0% 14.5% 1.5% using data at 240 and
3.0% 4% 0.8% 350 GeV (5 years at
2.0% 0.5% 0.19% y
2.0% 0.9% 0.15% each enery)
<10% 45% 6.2% - |
2.0% 2.9% 0.54%
~7% 3.8% 0.71%
4.0% 2.4% 0.42%
‘o o - £10 =
& | [=ILCas0
2 | |=TLEP350
s L
. . T
Comparison with of 5
TLEP sensitivities = |*F FJRN Y F— - * } +1%
with HL-LHC and i
ILC 51
-1E| __I'i{l—T"_lII_ |[|}n|E1E.IK??n|n’I“-:;nIt?rT]IYI S i A 1 |

HZZ HWW Hib Hece Hgg Htt Hyy




Sensitivity to Higgs Coupling at TLEP using
data at 240 GeV (5 years, 4 detectors)

Collider | TLEP 240 | ILC 250 . ing | TLEP-240

] 04% | 25% . a7 0.16%

oyz X BR(H = bb 020 | 119 = - gw 0.85%
oy % BR(H = c¢ 12% | 74% & — ok — 0.88%
oz xBRH - gg) | 14% [ 9.1% . _ 1.0%
onz X BR(H = WW 09% | 64% _ 1.1%

MG | 19% N N _ 6.4%
WG| 3% . _ q- 1.7%
3% 100% ‘& ? 0.48%

Ty X BR H— 77
oz X BR(H = 7y
oz X BR(H — pp

)
)
)
) "
r PR r) | 07% | 4% A 0.04%
)
)
)




High precisions at ttbar threshold

Scan of the tt threshold "

amax 11
— Observables o, Agg and <p@™**> sensitive to my,,, ['y,,, and A,

(ttH Yukawa coupling)

« Experimental precision for ILC with 100,000 tt events -

— No beamstrahlung and 500,000 tt events at TLEP

P —
J—

+

+
by

Peak of momentum distrib. (GeV)

‘\H‘H\‘H\‘\H‘\H‘H\‘H—W—H‘\H

o O N » O @

AFBl HH

Gt
| | | ‘ | | | | ‘ | | | | | | | | | | ‘ | | | | O | | | | | ‘ | | | |
8 348.6 351.4 554.2 8 348.6 351.4 354.2 345.8 348.60 351.4 5354.2
Ecm(GeV) Ecm(GeV) Ecm(CeV)
M. Martinez and R. Miquel, 2003

Expected sensitivity for TLEP (full study to'be (idn:) aﬁ(i|t LLC
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Study of the Higgs properties, its couplings and the potential
Interaction strength varies with

2 2
VH iggs — —HU ¢1- ¢ T /1( ¢ u ¢) energy scale, depends on

] uantum numbers and particle
ﬁEld Self coupllng 1 . Coupling constant,a (E) p
¢min =pv=0 species os-
Violy ]

5] 4 Strong coupling

o~ o B -

T T TITT0n T T TTTT I
i 5 10 20 50 100 EUCI
Energy, GeV

M), = 125 GeV
30 bands in
M= 173.1 0.7 GeV
(M) = 0.1184 + 0.0007

Higgs quartic coupling A(p)

Consistency :_ gz
Check LINStablity” e

102 10t 108 108 1010 107 10M 106 1p1F 109
RGE scale 4t m GeV

v = 246 GeV

My = 2402




. Do we have the technology to carry out these measurements? l

Amy (MeV) ~100 ~50 ~30 ~7 Overkill for now
AT'y/T'y (AT,,) -(14) --(7) 6(2.9)% 1.0(0.45)%

H spin v v v v

Amy, (MeV) ~10 ~10 ~7 <0.5 Theo. limits
Am, (MeV) 800-1000 500-800 31 10 ~100 from theo.
Agyvv/Ervy 4-7%* 2%" 0.5-14.5% 0.15-1.5%

JAX LY S 6-13%* 2-T%* 2-2.5% 0.2-0.7%

JAX LN N 14%* ~40% ~13%

Aghan/ Cann -- 44%** - Insufficient ?

~

Could be significantly
improved at VHE-LHC

*Assuming systematic errors scales as statistical and theoretical errors
are divided by 2 compared to now

**Sensibility with 2ab-! at 500 GeV



Recommendations from European Strategy Group (cont’d)

a

High-priority large-scale scientific activities (2)

»
Recommendation #2 )

& d) To stay at the forefront of particle physics, Europe needs to be
&% in a position to propose an ambitious post-LHC accelerator

) project at CERN by the time of the next Strategy update, when
physics results from the LHC running at 14 TeV will be
'available.

CERN should undertake design studies for accelerator projects in
a global context, with emphasis on proton-proton_and _electron-
positron high-energy frontier machines. These design studies
should be coupled to a vigorous accelerator R&D programme,
including high-field magnets and high-gradient accelerating
structures, in collaboration with national institutes, laboratories
and universities worldwide.




Indeed, most of the fundamental particles (13/17) have been
discovered thanks to accelerators

S
*2)
(o))
~

Accelerator era

Superconductivity era

Both energy and intensity frontiers had to be challenged
in past 50 Years

Today
E ..=8 TeV @ LHC(pp collider)
L,..=2x10% cm?s! @ KEKB (ee collider)




Energy Frontier vs Time

100000 O-VHE-LHC
< HE-LHC
LHC-14 TeV
® <O HL-LHC
10000 @ LHC-8 TeV
LHC-7 TeV
O cLc-ll
@ Tevatron
S 1000 & LHeC
e & gbps
e e RHIC 'COO
> ¢ HERA 2l
o ® LEP Il O TLEP-H
o 15LC <& e-RHIC
w0 AdLing
@ ISR/PETRA
PEP
® SPEARII PEPTI ~ gyger KEKB
© BEPG @ BepC-lI
SPEAR -
D o %ESR C
® DCl \’EPP 2000
1 ; ~  DAFRNE
1950 1970 1990 2010 2030 2050

Year of commissionning

>2(3) orders of magnitude in
Energy in e(p) colliders

From past ... toward new frontiers _

Luminosity (cm1s?)

Intensity Frontier vs year

1,00E+36 oSuperB
Super KEKB
1,00E+35 HELHC — TLEP ¢
ﬁc O O% VHE-LHC
O KEKB ic.1q TéW P LIELHC
1,00E+34
® L He-8 Tev
LHC-7 T8V Hec
1,00E+33 @ ER —
/rrvat’J%A&E
LE |RH|C
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o ./‘,F‘TRISTA:EESR\LEPP 2000
"% ETszVEPP v
1,00E+31
SPEARIIsppSEPC
R ® sLC
1,00E+30
® SPEAR
@® ADONE
1,00E+28 T T T T 1
1950 1970 1990 2010 2030 2050

Year of commissionning

>5 (3) orders of magnitude in

Luminosity for e

colliders



Accelerator issues

E 4
Get highest possible P «J[= G
accelerating gradient ST m

Make B small! Possibly 0
or use large m particles

Make B as large as possible

* Getlarge momentum

E ) dQ acceptance

e Make flat beams

Beamstrahlung: (
ds * High top-up rate

m



Two main areas: Magnets and RF cavities

XFEL Cavity

__."1,. m . $‘

G rad. 40MV/m @1.3 GHz

ESS type elliptical & spoke Cav1t1es

Grad. ~ 100MV/m @12 GHz



The « revolution » of circular EEEET=
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ete  colliders «clean HIGGS FACTORIES»

250 GeV

l

500 -1000 GeV

Lincar 250 GeV + Klystron based

Colliders 500 GeV

et e-

LEP3 at LHC tunnel
Circular Colliders

SuperTRISTAN 250 GeV-40, 60 km tunnel

)

Chinese HF 250 GeV, 50 or 70 Km tunnel

I




s ) ILC Gradient Range Yield Gain

1st pass yield - established vendors, standard process

& =28 MV 'm pleld =35 MY m yield

= 181 km

!
Cofilmal Rogion +—4

= Tt

yield [3%]
=

KILC 2012

|
i | K 2nd pass yield - established vendors, standard process
—HZ3Em . o i | A
II o ﬁ.ﬁ_-‘ éﬁ‘ _g‘ ‘:,;‘:'-‘ & 528 MV m yield = >35 MV/m yiekd
T i & 4 £ & 100 4 : [ |
of; ]| & - 305 km § § ]
4 \ - . -
II A o et test date (Heavities) 80 - — 3
] | | , +
| ] . A1 | £ |
| o E3 1
| =
} & |
| T 40 ) 1 !
|
|
| - |
1 KILC 2012
o -
= 5
~ 0 Em ﬁ"-""' Q.‘? ég;@' ‘F
fla
'@ g % =
500GeV & §
test date (Heavities)
& 3

= 1.4 ki
I
) 1
S e HTEL

Mot To Soale

#9-Cell cavities ~16000

Luminosity (x10%*cm?2s?) 075 1.8 3.6

Beam size (6,/c, nm) 730/8 470/6 480/3
Pulse duration (ms) 0.75  0.75 0.9

#Cryomodules (2K) ~1800
#RF units (10MW Kly) ~560

Beam power (MW) 8.4 10.5 27.2
Total AC power (MW) 158 162 300




Some further ILC challenges

»> Achieving and maintaining nano bea
with 2x10!° e/bunch

ATF?2 operating since 2009 at KE

> Realization of very lo
ultra fast Kickers fo

XFEL =5% of ILC




Two Candidate Sites in

Japanese mountainous locations

- Japanese Mountainous Sites -

site-A KITAKAMI
> =

KYUSHU district
Japanese HEP community proposes to

host ILC based on the “staging
scenario” to the Japanese Government.



219 klystrons ; 819 klystrons
15 MW, 142 drcurnferences 15 NOK, 142
! s | I I delay loop 72 m I I | on
drive beam accelerator

CR1 293 m drive baam asc:c-ahrahur

24 GeV, 1.0 GHz CRZ 439 m

25 km

Drive Beam

delay loop b -4 delay loop

@ decelerator, 24 sectors of B78 m
|

_BDS _ ALLWH i N

275 km

13 e* main linac

- 8.3 km ] Parameter CTF3
CR bi i Main B T
Ta Sitemciind / b accelerated current [A] 3.5
DR damping ri : — :
PDR p?:m;:;gring booster linac combined enrrent —"1] 101 28
BC bunch compresaor 286 to9 GV ﬁn[.]_.]_ ——= [1'5[{_31{]- ':'_L{-}U ]_"_Jﬂ
BDS beam delivery system merey (vie L &
" interaction point .D' - T P
B dump —— ot mjector, | Acceleration pulse length [us] | 140 12
2Ea6ey ,,E: J 2&V | final pulse length [ns] 240 149
””‘ oo acceleration frequency [GHz] 1 3
final bunch frequency [GHz] 12 12

» Achieving very high gradiant (100Mv/m) aboration around
with low enough breakdown rate (<10 %) CFT3 @CERN

Energy CM(GeY) 500 3000

2.3 5
Beam size (6,/0, nm) 202/2.3 40/1
Pulse duration (ns) 177 155
Beam power (MW) 4.9 14

Total AC power (MW) 270 589

Demonstrated with a few cavities

Luminosity (x10**cms™)




Some further CLIC challenges

» Same type of difficulties as for ILC tho more severe, e.g.
* smaller beam size (~1nm)
* Shorter bunch length (150ns)
* Normalized y emittance ~20 preservation
* Ultra precise alignme gnet stabilization

» Some difficulties are s
* Production of
e Stable decele rive beam
* And main eleration

Although f progress have been achieved,
still a lot of R&D needed to deliver a TDR




TLEP Ring e"¢ collider: Prlmary Cost Drlver

f--"_a Lak& Geneva

Tunnel: ~60% cost | &~/ & o 0w S

Building on existing
technologies and
experience (LEP,
KEKB, PEPILI...)

Using SC cavities

Luminosity (x10**cm2s1) /TP
Cavity Gradient (MV/m) 20
(SO I RN YY R4l [ #5-cell SC cavities 600 600 600 600

range of energy up Beam lifetime (mn) 67 25 16 20

IR NG AN B Total AC power (MW) 250 250 260 284

energy. Most parameters have been achieved or are planned at
SuperKEKB




UNK Higgs

1 FN% site filler, 2012 Factory, 2012
. i =

West Coast
. \ -l |':|l"'..|'.#IlO
design, 2017 L) LEP3onll, 2012 .
. : Chinese Higgs™ | S

AEP3 fn Texas, 2012
Factery, 2012,

circular Higgs factories around the world




An important parameter is the power per unit of luminosity
Power/Lumi vs Energy

30
—~ 25 X
G > ~20 MW-h/H?
. 20 = —
; (] = /
S 15 5 m|LC
— 10 A CLIC
E « ~ x LEP3
0 . ® : ® TLEP(4)

0 100 200 300 400 500 600
C.M. Energy (GeV) L B

—— LEFSJ, I.‘_M—i.ﬂ F\

*Luminosity not corrected
for peak 1% factor

=t

<

T T IIIIII|
—_—e
I

ILC, L, =0.88

=9
=
=t
[
=
|

inst luminosity (

—l
=
b

MMW il

1'EI'EI 105 110 115 120 125




Although based on strong experience in building gi&cular collider,
several challenges have to be overcome:

Beamstrahlung:

= Beam lifetime reduction (shg tller than
bhabha scattering limits

t>4's atn=1.5% (4 IPs) -
1250 s at n=2.0%

= Need to study the eg T>6n 1n=2.5%

acceptance of the -

= optic desigy

0 LA05 001 0015 002 0.025 0.03 0035 0.04 0045 0.05
(120-E)/E

mn at superKEKB
diation damage and

Toyg ng:
= Need to stud




Example of beam lifetime simulation with Beamstrahlung

IIIIIIIIIIIIIIIIIIII|III.JI|IIIIIIIIII

-
;“'II
p

=
o
(%]

=
o
%]

lifetime (sec)

=
o

TLEP-H default
TLEP-H improved
TLEP-t default
TLEP-t improved

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
momentum acceptance




TLEP parameters -1

LER/HER
beam energy Eb [GeV] 104.5
circumference [km] 20.7 3
beam current [A]
#bunches/beam 4 2500
#e-/beam [10%] 2.3 226/16
horizontal emittance [nm] [E& 3.2

vertical emittance [nm] 0.25 0.0081

bending radius [km] 3.1
Momentum comp. o [107°] EEE
SR power/beam [MW] 11

B"x [m] 0.032
By [cm] 0.027
¢ [pm] 270 10
c¢*, [pm] 3.5 0.047
hourglass F,, 0.98

AESR  /turn [GeV] 3/41

loss

1/3x1073

TLEP TLEP TLEP | TLEP
Z “H

26.7
0.1

2808

56
5
2.5
2.6
8.1
44
0.18
10
30
16
0.99
0.44

45.5
80
1.18
4400
1960
30.8
0.07
9.0
9.0
50
0.5
0.1
124
0.27
0.71
0.04

80

600
200
9.4
0.02
9.0
2.0
50
0.5
0.1
78

0.14

0.75
0.4

120
80

80
40.8
9.4
0.02
9.0
1.0
50
0.5
0.1
68

0.14

0.75
2.0

175
80

0.124  0.0243 0.0054

12
9.0
10
0.01
9.0
1.0
50

1
0.1
100
0.1
0.65
9.2




TLEP parameters -2

sXEKB LHeC TLEP TLEP TLEP | TLEP
LER/HER -H

Vieo [GY] . #0094/0.015 12. o
8 max.rE [ 0] . 0.66 4.0 5.5 9.4 4.9
¢ /IP . 0.0028/0.0012 N/A 007 010 010  0.10
£ /1P 0.0881/0.0807 N/A 007 010 010  0.10
f [kHz] 1.6 0.65 129 045 044 043
. [MV/m] 7.5 119 3 3 10 20
eff RF length [m] [EkE 42 600 600 600 600
for, [MHz] 352 721 700 700 700 700
&R [%] 0.22 0.12 006 010 015 0.22
oSR _ [cm] 1.61  0.6/0.5 0.69 019 022 017 025
8000 N/A 5600 1600 480 130
1 T 7 1 7 4

L/IP[10%2cm™%s71] | WA
number of IPs 4
b.lifetime [min]

Lifetime at superKEKB = 10 min



TLEP will enable to probe further the SM with very high

precision, search for rare processes and new light particles (<~200
GeV)

luminasity [10* ez 1]

i
=

-TLEP w4 1Ps If deemed necessary, the c.m. energy could be

&1L

cue pushed to 400-500 GeV, but to reach much
\ higher scales hadron colliders is necessary
" F T 500 GeV (on-going study to determine E_, with

1
*

L=10°** with 4 detectors)

M Energy |Gal]

We need a tool to search for direct production
of new particles up to energy scale in the 10
TeV range

Why not repeating the success story of
LEP/LHC with TLEP/VHE-LHC!



LHC + HL-LHC: Great tool to Search for new particles/phenomena

IV 5‘1UUU:"|""|""|""|""|""|""|""|"":
+ SenSItIVIty on SUSY can be 3 9O0E- ATLAS Preliminary (Simulation),Ns=14 TeV =
signicantly improved ... in  JEEapeu=, o Sonn ey v~ (= ) Hepion (eq) +jts 3
. E_ —— 300 fb” discovery reach _t —>h+1 {mr ITL =20 GeV): 2-lepton (ep)
particular for stop TO0E 1 o, s a7
500 vy,
= o,

500
400
300}
200k
100

0

E:IIII|IIII|IIII|IIII|IIII|IIII|IIII|
]
=

11 I 1 ‘ I 11
900 1000 1100
m; [GeV]

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
400 500 600 700 800

— — —_—

+‘_ High energy and luminosity are necessary to probe the V, V, scattering
and verify that unitarity is preserved, thanks to the « Higgs » discovered

s 5 Tl.inn reilmina I '-I I Ir‘ ] E HJEI aATiAs !
Example: ZZ VBS on s W= 5 AR
= i SMVBS ZZ + 3 ® gEPreliminary |
tOp of the SM VBS 55 Cow = 15TV 3 E §: —3000%" |
T = &5 TF
contribution (i.e. VV+ sMezach o3 P ep —wew
2 forward jets): E ):
Caw 3 3
_ - - :
-£.I,‘:-H.’ — hj wpr)‘gb '?-E' 3 2
4 1E
>565 for C¢W/ A2 >15 TeV-2 02 03 04 05 060708 |
m,, [TeV] C o/ A? (VBS ZZ—ITIT) [TV




The super-exploitation of the CERN complex:
Injectors, LEP/LHC tunnel, infrastructures 4

1980 1985 1990 1995 2000 2005 2010 2015

~ Construct.  Physics -
- [Design R&D [[roto)|  Construct

<t 57 uipole (diffracted protons)
ous) v 411T-2x5.5 m dipoles

oo zer aperture quads near IP

ts  140T/m, 150mm (13T, 8m)

oution Feedbox’s (DFBX)

o 2100 KA ~S500m HTS links
.15t the luminosity with beam overlap control

8T-15m (20

» Reduce beam size
Change Quac

»> Protect Eler:

» Improve an: =

= SC RF « rab» Cavity, for p-beam rotation at fs level!



Upgrading LHC luminosity early 2020’s

» Increase beam current = protect SC dipole (diffracted protons)

» Reduce beam size at IP = Stronger focussing quads near IP
8T-15m = 11T-11m dipoles

Low B (pp)
High Luminosity
- - 3.5m
55mNb;Sn I oo | 5.5 m Nb;Sn

Fermilab/CERN Collaboration
Demo single bore 11T , 2m
Test: very good to 10.4 T

Next model twin-bore by

beginning of 2013

Octant3 7
4 pwepo
f

! hi...
Change Quadrupole Trlplets

TR 200T/m, 70mm (~8T, <6m>)
= 140T/m, 150mm (13T, 8m)




Target parameters for

HI - LHC run
Y
S S0 ns
15 €20 .

Efficiency is defined as
the ratio between the
annual luminosity
target of 250 fb! over
the potential
luminosity that can be
reached w!th an .ldeal S
cycle run time with no s
stop for 150 days: t,, = FFeErs
tlev+tdec+tturn' The b-b/IP[107]
turnaround time after a 2=

beam dump is taken as [Iaad

. Lpeak virtual

5 hOUfS, tdecay is3h Pileup L,,=5L,
while t,,, depends on Eff150 days = 62
the total beam current baseline

IBShh]




Subscale Quadrupole
SQ

(L3 m long

L0 mm bore

echnology Quadrupaoles
TOS, TOC

| m long 1}
90 mm bore

G.L. Sabbi , LBNL

High Field Quadrupole |

Subscale Magne
SM

(.3 m long

No bore

Long Racetrack -
LRS '
J.6m long
Mo bore




HTS links
Protection of Electrical Distribution Feedbox’s (DFBX)

In the tunnel, feed power from room temperature power converters to
the « cold world » of LHC. Actual LHC use short Nb-Ti links.

45K 19K
D1 DFBX Q3,Q2,Q1

To be decided

[EnY
o
o

[0}
o

D
o

Critical Temperature
(o))
o

N
o

~500m HTS linksJ-“- I E
—|.-__.:_ : - : L5t . <-.I |

Nb-Ti Nb3Sn MgB2 Y-123 Bi-2223
Conductor

Ouvrages LHC ../ 7 i Note: LHC uses 1400 Bi-2223
CMS current leads




On going HT'S link test at CERN

Possible cable configuration for high current :
7 x 14 kA, 7 x 3 kA and 8 x 0.6 kA cables
Itot~120 kA @ 30 K

20 m long
ystat of link)
¥installed in the
/1-18 laboratory
— 4 to 80 K test

L1 s MgB,, YBCO... tests
< started end 2012




« Crab » Crossing

Improving further the luminosity by better overlap of the 2 beams

SC RF «Crab» Cavity, for p-
beam rotation

Technology pioneered successfully
on KEKB, Japan

 Effort at SLAC-ODO and in BNL, USA
* Effortin Daresbury (Cockcroft
Institute and STCF) with CERN.

Also help to adjust the luminosity to ease
ments’ life (Luminosity levelling)

B Z-> up event from 2012 data with 25
' reconstructed vertices

e




Progress in SC « Crab » Cavities

UK - Cockcroft USA (ODU)

Several types
of prototypes
being designed

and made...

¢ Service port
,I"I GHe cuflet port

L. Xiao et al.
LOM/SOM

~250 mm outer radius




Grand unification of Interactions (Strong, Weak, Electromagnetic)

Additionnal particles (such as supersymmetric partners) with
energy scales of TeV’s affect the running of the coupling constants

_— _-'*-
Resolution [m] Resolution [m]

; 1.625 ) 1.629 ) 1E33 1.0—1? ) 1.0—21 ) 1.0—25 ] 1.0—29 ] 1.0—33

Strengthl, i I | . With Super-Symmetry

1001

Unification

—_— o
1d*  qd’ 1d°  1d”
Energy [GeV] Energy [GeV]

|- Need to explore higher energy regions (up to ~10 TeV)




Whatever is found or not, reaching higher energies is unavoidable

To search for up to 10 TeV, EWKino g ::ELL:EE
very high energy (>50TeV) is necessary “LHC14

Stops/sbottoms ?
e

To probe up to 10 TeV
region, very high energy is necessary

1.000.000,00

/ ——ggF
10.000,00 e ———

1.000,00 -

Xsection (fb)
<
E z
[8]=]

=>=7H
100,00 o o &
10,00 . . . . . . . . . . —e—HH
0 10 20 30 40 50 60 70 8 90 100

CM energy

Coutesy M. Mangano Ag e/ et <1%
VHE-LHC is THE tool for Htt and HHH couplings Agyun/€uun <5%
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=140,00
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>100,00
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The super-exploitation of the CERN complex:
Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 2010

Construct. Physics -

ysics
VvV

LEP/LHC tunnel to rea=

Or build (or reuse) a 80-
S @'4y . "B 100 km tunnel to reach
[AMSHET) ¥ "I 80-130 TeV collisions

- J : i ! e * ﬁ q ;- i_. ; Yo J VHE—LH C
"R X1 OGN ok o => more detailed study of
P g AR [ eersnae such a tunnel starting
L In both cases, SC challenge to develop 16 20 Tesla magnets!

0 Magnets for HL LHC is an indispensible first step

King circumrerence (Km)




First consistent conceptual design |

Using multiple SC material

é _ )
[

a I
.I....ii‘i. | L) |

0 20 40 60 80 100 120 140 160 180 200 |220 240 260 280 300

.

80

Nb;S Nb;Sn Nb;Sn
60 low] high j highj
L. Rossi =
2 \g/\ 0 HTS ]\l'«l\)\\si Il\lb lsl Nb-T
Material N.turns | Coil fraction | Peak field J Joveran (A/mm’) 1 5 T ’
Nb-Ti 41 27% 8 380 20 Nb-Sn |INb.sn ,
HTS || low i || hieh Nb-Ti
Nb3Sn (high Jc)} | 55 37% 13 380 e
Nb3Sn (Low Jc)§ | 30 20% 15 190 0 o " 40 0 % 00 120
HTS 24 16% 20.5 380 X (mm)

L, 20 T field!

Magnet design: 40 mm bore (depends on injection energy: > 1 Tev)
Approximately 2.5 times more SC than LHC: 3000 tonnes! (~4000 long magnets)

Multiple powering in the same magnet for FQ (and more sectioning for energy)
Only a first attempt: cos3 and other shapes needs to be also investigated




Parameter LHC | HL-LHC
con. energy [ TeV]| 14
circumference €' [km)| 26.7
dipole field [T 8.33
dipole coil aperture [mm a5

beam half aperture [cm)| 2.2 (x), 1.B ()
mjection energy [TeV | (.45
no. of bunches

bunch population [10%']

intt. transv. norm. emit. [pm]
mitial longitudinal emit. eVs|
no. I|Ps contributine to tune shift
max. total beam-beam tune shift (. 0.021
beam circulating current [A] 1.58: 1.12

RF voltage |[MV| 16

T (]
rms bunch length [cm|

IP beta function |m| (.55 0.15 (mimn.)
rms [P spot size [pm)| 16.7 7.1 (min.)

full crossing angle [urad] 285 540

Piwimnski angle .65 3.13 (D)
peometric luminosity loss [). 84 = (.9
stored beam energy |[M.J| an [ : 66140
SH power per ring kW] 3.6 T - SO
arc SR heat load [W), ‘m faperture| .17 0.33 4.3: 43.4
energy loss per turn !]m"-."'[ i 201 .. BELHT

critical photon energy [V 4. STE odT4
photon Aux [10"7 /fm/s] 2 b8 L 2.0
longit. SR emit. damping time |[h| 12.9 0.32
horiz. SR emit. damping time [h] 255 2.0 .64
init. longit. IBS emit. rise time |hj h 233 : 306
init. transv. IBS emat. rise time |[h| . 0.4 - 157
peak events per crossing 27 135 (lev.) ' 171

total /inelastic cross section [mb)| / Bb 29 7 O 153 / 108

peak luminosity [10%? cm s~ 1] ; 5. 5.0 5.0
beam lhifetime due to burn off |k 4F 15.4 : 14.8
optimum run time [h 0.2 10.2 ok 10.7
opt. av. int. luminosity / day [fb—"| .47 2.8 A 2.08
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Conclusion

The last few years were very exciting

Many teams have contributed to this success, they have
tObe e X ,-

thanks to this work, 2 102 4L
, with many new 1deas emerglng

’*n'. ;;-—_.. ‘S

The Eumpean Strategy was an OppO’l’fﬂlﬂty to brlng these

= —jdeas-on the table and p'rO'V'l'd‘a'

R d

= —*-‘-ﬁr

oi'i"i’auest for understanding the fundameﬁfa’l laws af t e
Universe R = A AR\ -
The Strategy iIs an important opportumty to open- up a

medium and long term ambitious vision and' programme

Accelerator R&D is vital to enable the realization of our
vision once we get the results of the LHC runs @ 13-14TeV
and should remain at within our strategy




Main Conclusion

An 80-100 km complex (TLEP and VHE-LHC) would
provide a FANTASTIC post-LHC physics programme

A TLEP Design study has started a
< = \% itious milestones have been set up = - ,.:,_.._ Ty
N

R in 2 years & K & e

\ TDRJ'H S years, in a timely fagshion with an41pdate-rorf the,
European Strategy-in 2017-18 af{eﬁﬁe ﬁrst reund of T
"'"+-—-——--0 eration of the L

S e .

“* Afechnically possible timeline (t ( bé eonﬁrm“ed by the\)S)

2 2 2 2 2 2 2

0 0 0 0 0 0 0

1 1 % % 3 3 4

0 S 0 5 0 5 0
LHC
HL-LHC R&D + constr
TLEP* Design + R&D + construction

VHE-LHC* Design + R&D + construction




