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Where Are We Going in the Field of High Energy Accelerators ?

Outline:
« Particle Physics and prospects
* Accelerator Projects

« Strategies and realities Slides from numerous
- Beam Instrumentation and Summary sources, have tried to
leave names on them

European Organization for Nuclear Research aCknOW|ed9|ng the
source

Organisation européenne pour la recherche nucléaire
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# NLO QCD describes data over ~10 orders of magnitude!

# excellent exp. progress: jet energy scale uncertainties at the 1-2% level
# for central rapidities: similar exp. and theo. uncertainties, 5 - 10%

# inclusive jet data : start to be important tool for constraining PDFs
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Beyond the Standard Model

Atoms

Dark
4.6% Energy
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Dark
Matter
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TODAY
Neutrinos Dark
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Neutrinos

® Neutrinos play a fundamental and special role in
particle physics, astrophysics and cosmology

—I-'Dlra.c LM&]DI‘&I‘I&
13 1 T,3 T
Uy Uho + 2 U o
® Neutrino masses — presently the only evidence of new v RH

physics beyond the SM — additional d.o.f. must exist: either

v RH and/or new scale A (>> TeV ?) /\

® A window to questions related to a deeper description
of physics and to the evolution of the Universe: 1205 o9 1 02 .
Vagws ~ [ 0 UT] Vorm ~ (0.2 1 U.Jl]
6 0.7 o 001 |
- Why is the mixing matrix so different than the one of
quarks? What does this picture suggest 7 1 '
- How is the hierarchy of the v mass eigenstates ? I ::L_‘”*_
- Which is the absolute mass of the lightest state ?
- Are neutrinos Majorana particles ? e :
= P, CP, CPT are fundamental symmetries. “P is maximally "
violated by neutrinos but CP is saved” (W. Pauli). —
Is CP violated by neutrinos as well or is it a special

feature of quarks ?
- Are there sterile states and is there mixing ... ? |

mi =0

- Why are neutrino masses so small ?

r.‘-m"‘le

ea— (1)
CAm, .
(I )

normal hierarchy inverted hierarchy

EPS-HEP 2013 A_Ruhbia — Future nedtrinn nroeramme = 2
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SM & New Physics

D=0 3 problems

imposed to us by data:
D=2 whatever the scale of NP is,
some special structure is

D=4 needed to avoid these pbs

cosmological constant
Higgs mass

strong CP proble

| D=4 Lagrangian
describes perfectly the data
but... it is not enough

b D=5 operators are needed .
Vet L,L;H? P . Ayy ~ 1014718 GeV?
A to generate neutrino masses
ikl D=6 i’
G c,gk; R, FF, oper.'a ors
Agv capture the leading effects of

+ ... (59 independent structures New Physics

Christophe Grejean Linear Collider Physics Owtlook s DESY, 3% May 2013
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SM & New Physics

D=0 3 problems

imposed to us by data:
D=2 whatever the scale of NP is,

some special structure is

cosmological constant

Higgs mass

D=4 needed to avoid these pbs

strong CP proble

D=4 Lagrangian
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Tentative schedule new projects w

Color code approved envisaged/proposed

Technical design to TDR

Construction - *
Operation
Lastupdate: | Project 2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 zo3o| 2031 2032 2033
28/07/2010
LHC to nominal [7TeV 14TeV | 107
Protons |LHC-HL i 0 0 R N1} 5.10734 with luminosity leveling HE
LHC-HE NEWTMEEnEtSy § § 0§ § i B5oFeV
1 ml N BRI BN _ B B B B
ILC T I NIy o00Gev
Linear  |CLIC st e e e tlttess 500 GeV 3 TeV/
Colliders [PWFA ACET-II
LWFA
M 2 Muon Collider
uons
. Neutrino Fact . . . .
Neutrinos -
Project X/FNAL ‘1111
LHeC |0 I § I NRRorlRinstalation
eRHIC/BNL CDO upgrade from 5 x 325 GeV to 3¢ x 325 GeV
e-hadrons / I EEEN i- A
ELIC/ILAB g == vELc T Euc
ENC/GSI = = = = shared operation HESR/EN
LHiC/CERN 2.8TeV 5.5 TeV/n: Ph-Pb, p-Pb, Ar-Ar, .. HeC
RHIC I1/BNL
lons
NICA/DUBNA
FAIR/GSI
Beauty |SuperKEKB/KE 0/ab
Factories |SuperB/LNF I 75/ab
J.P.Delahaye LHC =1fb? 66 fb" 336 fb" |cHEP 2010 (28/07/10) 3070 fb'7



Tentative schedule new projects  [Fa.

Today:

Will looks at LHC lum. upgrade plans, the

possibility of ILC addressing Higgs in great "4
|} 5.10"34 with luminosity leveling

NEWMEENESY 1 0 0 0§ 0 §55)eV

detail, then look at future energy frontier
options after LHC, some words about

neutrino facilities, flavour and hadron/e/ion

facilities (if time permits)

However, would be interesting to update
this slide regularly

Technical design to TDR
Construction
Operation

approved envisaged/proposed

H

019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 203(1 2031 2032 2033

500 GeV

s St 500 GeV 3 TeV
|
or LR instalation
upgrade from 5 x 325 GeV to 3( x 325 GeV

MELIC

T Euc

eKHIL/BNL B 1011 L
e-hadrons —

ELIC/JLAB 5
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LHIC/CERN  [2.8TeV/h |5.5 TeV/n: P
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RHIC 11/BNL

HeC
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NICA/DUBNA

FAIR/GSI

Beauty |SuperKEKB/KE

0/ab

Factories |SuperB/LNF

75/ab

J.P.Delahaye LHC=1fb"' 66 fb"

336 fb! IcHEP 2010 (28/07/10)

3070 fb18



LHC (Large Hadron Collider)

14 TeV proton-proton —
accelerator-collider built in 22 sy
the LEP tunnel
Lead-Lead (Lead-proton) collisions
1983 : First studies for the LHC project
1988 : First magnet model (feasibility)
1989 : Approval of the LHC by the CERN
Council
1996-1999: Series production industrialisation
1998 : Declaration of Public Utility & Start of
civil engineering
1998-2000 : Placement of the main production
contracts
2004 : Start of the LHC installation

2005-2007 : Magnets Installation in the tunnel
2006-2008 : Hardware commissioning
2008-2009 : Beam commissioning and repair
2009-2030 : Physics exploitation

EPS HEP 2013

C\E/RW Frédérick BORDRY
>~ 20t July 2013




1000 from Afwraree .phy.cam.ac. uki~wj ots. himl ==
ratios of LHC parton luminosities: R ] :
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“Exploitation of the full potential of the LHC"

2009 - < LHC startup, Vs =900 GeV
2010

2011 Vs=7~8 TeV, L=6x1033 cm?s-!, bunch spacing 50 ns

2012 ~20-25 fb"
2013

LS1 Go to design energy, nominal luminosity
2014

2015
2016 Vs=13~14 TeV, L~1x10% cm2 s}, bunch spacing 25 ns
2017 ~75-100 fb"

2018 LS2 \ Injector and LHC Phase-1 upgrade to ultimate design luminosity
2019

2020 Vs=14 TeV, L~2x103* cm2s-!, bunch spacing 25 ns

2021 + ~350 fb-!
2022 LS3 - HL-LHC Phase-2 upgrade, IR, crab cavities?

2023

Vs=14 TeV, L=5x103* cms”!, luminosity leveling 3000 b

EPS HEP 2013
Frédérick BORDRY

20t July 2013



Final goal : 3000 fb-' by 2030’s...

L ['1'[)54 cmql] - 5 1034 levelled lumi
| (25 1034 virtual peak lumi)
140 pile up (average)
: 3 fb-1 per day
integrated

L[] 60% of efficiency
turn- \ i 250 fb-1 /year
daroun [

300 fb-1/year as «ultimate»
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Hardware for the Upgrade

New high field insertion quadrupoles

Upgraded cryogenic system for IP1 and IP5
Upgrade of the intensity in the Injector Chain

Crab Cavities to take advantage of the small beta*
Single Event Upsets

SC links to allow power converters to be moved to
surface

Rad hard electronics

Crab
cavities

EPS HEP 2013
Frédérick BORDRY
20t July 2013



Squeezing the beams: High Field SC Magnets

13 T, 140 mm aperture Quads for the inner triplet

LHC: 8 T, 70 mm.

More focus strength, * as
low as 15 cm (55 cm in
LHC).

In some scheme even B*
down to 7.5 cm are
considered

Dipoles for beam
recombination/separation

capable of 6-8 T with 150-

180 mm aperture
(LHC: 1.8 T, 70 mm)

EPS HEP 2013
Frédérick BORDRY
20t July 2013
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Field progress in accelerator magnets

tesla
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12 =,
10— NbsSn e
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2 e
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u T T
1975 1985 1995 2005 2015 year

From Lucio Rossi 14




Setting up International collaboration

with national laboratories but also involving industrial firms

Q: 140 T/m
MCBX:22T 2.5/45Tm
D1:52T 35Tm
Q3 il D1
B [ = 221 [T o
>< >< —
a m &
O o ©
> >
20 50 60 70

distance to IP (m)

SM

Baseline layout of HL-LHC IR region

EPS HEP 2013
C\E/RW Frédérick BORDRY
20t July 2013
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Physics at Linear Colliders

*  Physics case for the Linear Collider: =, 1032- AL H+X : Sis’;i;"gosde' y
* Higgs physics (SM and non-SM) é J0? : [\><“ | ——
o TOp 8 E- — charginos
 SUSY z 10-5 — squarks
. . . n F — SM it
* Higgs strong interactions o i gy
* New Z’ sector © 1r — neutralinos
* Contact interactions 107 £ Je==.
e Extra dimensions . F. e 1/l L
* 0 1000 2000 30C0
Vs [GeV
ILC = CLIC
* Higgs discovery also establishes a strong o .
case for an e+e- collider (at least in the T | FullILC Program
> L 1
350 GeV range — above 500 GeV useful) s o o oo
e ... will come back later to CLIC aiming for S10°E 1000M @ 1000GeV
the highest possible energies -
10’23— T
- c
4 i Notice the rare mode like H—=p*p-and
107 significant improvement in top Yukawa
F u and self-coupling measurements.
Al I 1l Lol Lol

European Organization for Nuclear Research

-
Q
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@ -  ILCTDR Layout ile

Damping Rings Polarised electron

souyrce

Ring to Main Linac (RTML) e+ Main Linac

(including |
bunch compressors) ~AN

e- Main Linac

C.M. Energy 500 GeV
Peak luminosity 1.8 x103* cm2s1
Beam Rep. rate 5Hz
Pulse duration 0.73 ms

ILE: Schama | S wae form-one.da

Average current 5.8 mA (in pulse)

E gradient in SCRF 31.5 MV/m +/-20%

A. Yamamoto, 13/05/27 acc. cavity Q, = 1E10



L'E.. LINEAR COLLIDER COLLABORATION

100

yield [%]
2

=

Progress in SCRF Cavity Gradient

2nd pass yield - established vendors, standard process

# 28 MV/m yield W >35 MV/m yield

! L Production yield:
94 % at > 28 MV/m,
LCWS 2012 .
| Average gradient:
2 $ & g 37.1 MV/m

£ § § §

N test date (#cavities) J reached (201 2)

18 A. Yamamoto, 13/05/27 ILC Technical Status




L'E.. LINEAR COLLIDER COLLABORATION

2009 ~

FLASH (DESY)

e TDP focus
e7CM - 1.2 GeV beam
e photon user facility

Accelerator System Tests

NML (FNAL)

e Under construction
e Up to 6 cryomodules

* Operation: end 2012 ==

systems
integration
testing

19

A. Yamamoto, 13/05/27

STF (KEK)

* “Quantum Beam”
experiment 2011

¢1 CM with beam 2013
*(2 CM 2015)

ILC Technical Status



(Gs o ovennos ILC-TDR evaluation (2013-2) ,-‘l't:

M&S M&S Value

Value
converted

(GILCU) (GJY) (M person-hr)

RDR-2007 1 6.311 24.4

RDR-2012

B ol 1.15 7.27 Y --- 24.4

TDR-2012

average for 3 1.23 7.78 1) -—- 22.6

region

TDR- {Asia) 1.26 7.98 1) 830 2 26 % 22.9 24 %

mountain site

1) Estimated by using PPP (purchasing power parity) methodology established by OECD
2) Conversion to Japanese Yen: using currency exchange rates
- assuming a model with 100JYen/USD, 115 Jyen/Ero

* Budget not incluced, above :
- Project preparation, Operation (0.39GILCU, 850 FTE) , Detectors (~2 x 0.4 GILCU




L'E.. LINEAR COLLIDER COLLABORATION

Geological Survey and
Common-Subject Study, going on, in Japan

site-p Kitakami

|

KYUSHU district

s i Al




L'E.. LINEAR COLLIDER COLLABORATION

Geological Survey and
Common-Suject Study, going on, in Japan

KEK site.p Kitakami

Tohoku U

!

\/ e
Nomura Research
Common Subject:

Central Campus

=

B B g § W

Report now available favouring northern site
Important report from Science Council underway




1.E+05 HE-LHC 1 1
=l Fnergy frontier machines
= hadron colliders superconducting
= |epton colliders HE-LHC
4 ep colliders |

Pl (hadrons or leptons)

E+04 —
— CLlC from hitp://www hep. phy.cam.ac i html|
> = Tevatron pp 1000 ‘
‘?0. 1.E+03 - 20357 ratios of LHC parton luminosities:
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HE-LHC - LHC modifications

CMS HE-LHC
>2030

LEIC
K vomue SPSH,

1.3 TeV, >2030Cb

TT40 TT41

SPS

5
Tl

AD

East Area
L |
- [OF L e N S——"
200 2 -
/ 4
) e
~
July 23, 2011 24



HE-LHC - main issues and R&D

20 Tesla dipole magnets based on Nb,;Sn, and HTS
high-gradient quadrupole magnets for arc and IR

?7? fast cycling SC magnets for 1-TeV injector ??77?
emittance control in regime of strong SR damping and IBS

cryogenic handling of SR heat load (first analysis; looks
manageable)

dynamic vacuum




An intense R&D programme is required to continue
rigorously now if HE-LHC should become a real option for
following the HL-LHC in the 2030s

EuCARD13 T
large dipole+
18 T small
insert

US basic programs
and LARP R&D
EU FP6-CARE-NED

LARP 11T - i
US 13 T Quads 15-20 T R&D AT it iiel Final

IS0 T long quad i i dipol
small FP7-HiLumi Ipole proto &

: EuCARD US NbSn-HTS models and Magnets
dipole O —
A—R&D . development prototypes ISP EiElT HE-LHC

2005 2010 2015 2020 2025

EuCARD2
HE-LHC full bore Industry HE-LHC

preliminary dipole contracts, start start-up
study HTS constrution

delivery

HL-LHC work as a test bed From L. Rossi, CERN
26




First conceptual layout of a 20 Tesla magnet
that would fit into the LHC tunnel

L. Rossi and E. Todesco

~

| 1

\|‘ | I
HM-MHlJl 1 ‘
P

]
\.|.w-i.. 1) |
_J

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

80i
[ Nb;Sn || Nb;Sn Nb;Sn
60 ¢ lowj || highj high j
E 40 HTS T"?” ];Ibf ! Nb-Ti
Material N. turns | Coil fraction | Peak field | Joeran (A/mm?) S oY
Nb-Ti 41 27% 8 380 207 urs |[NosStINessoll g
Nb3Sn (highJc) | 55 37% 13 380 -\ ol |fhigh
0 R e T T
Nb3Sn (Low Jc) | 30 20% 15 190 0w w o m am
HTS 24 16% 20.5 380 X (mm)

Magnet design: 40 mm bore (depends on injection energy: > 1 Tev)
Very challenging but feasable: 300 mm inter-beam; anticoils to reduce flux

Approximately 2.5 times more SC than LHC: 3000 tonnes!
Multiple powering in the same magnet for FQ (and more sectioning for energy)
Certainly only a first attempt: cos3 and other shapes will be also investigated




80-100 km tunnel in Geneva area — VHE-LHC

with possibility of e+-e- (TLEP) and p-e (VLHeC) TLEP

circumference 80 km

m max beam energy 175 GeV

.= max no. of IPs

CDR and cost review RN R v o

GeVc.m.

for the next ESU SR |y ot 240
i ' * GeV c.m.
(including injectors) Tl o
'II'E'F_ - ‘Eﬁ-. . 1 i 1 GeV c.m.
' luminosity at 90
& :

16 T =100 TeV in 100 km
20T = 100 TeV in 80 km

£

3 "y
a

]

LEGEND
= LHC tunnel

cesss HE_LHC 80km option
potential shaft location

i B P E AR
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“CERN should undertake design studies for accelerator projects in a
global context, with emphasis on proton-proton and electron-
positron high-energy frontier machines.”

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

B34 Construct.  Physics | Upgr

N [OWM Design, R&D = Proto Construct. Physics

HL-LHC Design, R&D Construct. Physics PrOjGCt

_today

Kick-off meeting: 11" Nov. 2013 Design, R&D | Proto = Construct.  Physics
(Daresbury)
Study : VHE-LHC with
TLEP

Kick-off meeting: February 2014
(CERN)

/w/ EPS HEP 2013

52 Frédérick BORDRY

N/

20t July 2013



Physics at Linear Colliders from 250 GeV to 3000 GeV

8 s _ | susy mode i
: . : = E X B — Higgs
* Physics case for the Linear Collider: 2 ek [\>< | —ans
* Higgs physics (SM and non-SM) & ¢ =i
. h 10 ‘
Top cé’ 3 — sM
° SUSY 5 1k _..T-T,Vw{lte
. . . : — trali
* Higgs strong interactions : e
, 10
* New Z sector F
. . . 2 L - A1 WA L
Contac’.c mterfactlons 10 1000 2000 30C0
« Extra dimensions Vs [GeV.

Higgs boson Production Cross-Sections
Recently: Further work on completing picture of i o«

A — N
. e El H el_re ! 3 / several thresholds: \
Higgs prospects at ~350 GeV, ~1.4 TeV, ~3 TeV, = f ///’
. > 107 F . = | 126 GeV Hvv, He'er
example for CLIC: T ¢t g
1 i i h 217 GeV HZ
collisionenergy |Vs=14TeV |[Vs=14TeV |Vs=30TeV |Vs=30TeV o f (TH Tl
Polarization e/e* |unpolarized |-80%/+30% | unpolarnzed -80% / +30% o [
v 1F T | 343 GeV HHZ
Boto
107k | 472 GeV Hit
= 0, = oy = o = 4Oy E
-2 A L L timal signal to bkgd /
Mumbers with polarized beams obtained by scaling signal and background cross all cross section 10 (I) 10100 2()'00 30100 \(.),,p e e ne 4
sections, ignoring polarizafion-dependent changes to kinematic properties. values: f GeV
mH = 120 GeV Vs [GeV]

CE/RW European Organization for Nuclear Research i a2l 08N
\\_/ Organisation européenne pour la recherche nucléaire
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819 klystrons
15 MW, 142 ps l I I

drive beam accelerator

- -

25km

Drive Beam '

Drive Beam
Generation
Complex

e~ main linac, 12 GHz, 100 MV/m, 21 km

\

CLIC Layout at 3 TeV

circumferences I I
delay loop 73 m

CR2439m

819 klystrons

@

I 15 MW, 142 us
CR1293m drive beam accelerator

-,

2.5 km

y

i

et main linac

[

PDR
BC
BDS
IP

combiner ring
turnaround

damping ring
predamping ring
bunch compressor
beam delivery system
interaction point

dump e~ injector,
2.86 GeV
Main Beam
Generation
Complex

48.3 km

Main Beam '

booster linac
2.86t0 9 GeV

et injector,
2.86 GeV

31




@ CLIC Layout at 3 TeV @

Drive Beam |
Generation
Drive beam time structure - initial Drive beam time structure - final
LT T T LT T - < — >
140 ps train length - 24 x 24 sub-pulses R LT -
4.2 A-24 GeV - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches

6-:,:&/¥ e~ main linac, 12 GHz; 100 MV/m, 21 km

+
e+ main Imac %

48.3 km . ]
CR combiner ring Main Beam '
TA turnaround

DR dampingring
PDR predamping ring booster linac
BC bunch compressor 286109 GeV
BEDS beam delivery system
IP interaction point

2.75 km- 2.75km
IP

B dump e—injector, et injector,
2.86 GeV e e et et 2.86 GeV
PDR DR DR PDR
3BO9mi 427 m 427 mf 1389 m
Main Beam
Generation
Complex

32
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Drive Beam
Generation

CLIC Layout at 3 TeV

Drive beam time structure - initial

240 ns
>

140 ps train length - 24 x 24 sub-pulses
4.2 A-24 GeV-60cmbetween bunches

__ S

Drive beam time structure - final

240 ns

: - 5.8 us

24 pulses - 101 A - 2.5 cm between bunches

BC2

48.3 km

PDR

BDS
IP

combiner ring
turnaround

damping ring
predamping ring
bunch compressor
beam delivery system
interaction point

dump e~ injector,

2.86 GeV

Main Beam
Generation
Complex

quadrupole

qUadrupole  Power
_extr .
transfe action ang

F'structyre (PETS)

389mj{427 m

et injector,
2.86 GeV

427 mJ {389 m
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Drive Beam
Generation

CLIC Layout at 3 TeV

Drive beam time structure - initial

240 ns
>

140 ps train length - 24 x 24 sub-pulses
4.2 A - 2.4 GeV - 60 cm between bunches

ga—

Drive beam time structure - final

240 ns
>

i

5.8 us

24 pulses - 101 A - 2.5 cm between bunches

e~ main linac, 12 GHz, 100 MV/m;

PDR

BDS
IP

48.3 km
combiner ring
turnaround
damping ring
predamping ring
bunch compressor

beam delivery system
interaction point
dump e~ injector,
2.86 GeV
Main Beam
Generation

Complex

Power-
transfe

€Xtraction apng
F'structure (PETS)




Main linac gradient - Ongoing test close to or on target 1E6

BDR 1/pulse/m
w
m
~
\\®¢n
o
[o]
S

— Uncertainty from beam loading being tested

i
TD24 baseline:
Unloaded 106 MV/m

Expected with beam
loading 0-16% less

Drive beam scheme — Generation tested, used to accelerate test beam aboy
specifications, deceleration as expected

m
~

- Improvements on operation, reliability, losses, more
deceleration studies underway

80 120

100 110
Unloaded Accelerating Gradient M\/m
quadrupole

Quadrupole Power-extraction and

transferstructure (PETs) gmo e NSrr:I\:)r::jlied
5120
- % 100,
E, 80/
2 60 CLIC Nominal,
§ w0 loaded
8ry T~ .‘% 20/,
% 20 40 60 80 100 120
Power in accelerating structure (MW)
Luminosity — Damping ring like an ambitious light source, no show
stopper
— Alignment system principle demonstrated
— Stabilisation system developed, benchmarked, better
system in pipeline
- Simulations on or close to the target
Operation & — Start-up sequence and low energy operation defined
Machine Protection - Most critical failure studied and first reliability studies
drive beam .
Implementation - Consistent three stage implementation scenario defined Egeggclwri o e
— Schedules, cost and power developed and presented S —
= = 1=2.75 km
- Site and CE studies documented i e
- - “L=2.75km

unused arcs

Fig. 3.6: Simplified upgrade scheme for CLIC staging scenario B.



Considering 150 days per year of normal operation at
nominal power and a luminosity ramp-up in the early
years at each stage of collision energy, the
development of yearly energy consumption can be
sketched.

Re-optimize parts
Reduced current density in normal-conducting
magnets
Reduction of heat loads to HVAC
Re-optimization of accelerating gradient with
different objective function

Efficiency
Grid-to-RF power conversion
Permanent or super-ferric superconducting
magnets

Energy management
Low-power configurations in case of beam
interruption
Modulation of scheduled operation to match
electricity demand: Seasonal and Daily
Power quality specifications

Waste heat recovery
Possibilities of heat rejection at higher
temperature
Waste heat valorization by concomitant needs,
e.g. residential heating, absorption cooling

Beyond:

Scale with inst. luminosity —i.e. running at the very
end of the project lifetime might be power limited and
require more time.

Power/energy consumption

Staging scenario /5 (TeV)  ZAg (cm™2s™")  Wiainveam MW)  Pojecrric (MW)
0.5 103 9.6 272
1.4 1034 12.9 364
3.0 10 27.7 589
0.5 10 4.6 235
1.5 1034 13.9 364
3.0 10 27.7 589

Table 5.2: Residual power without beams for staging scenarios A and B.

Stagillg scenario \/E (TeV) P\miting for beam MW)  Pauzdown (MW)
0.5 168 37
1.4 190 4
3.0 268 58
0.5 167 35
1.5 190 42
3.0 268 58

na
o

—— CERN energy consumption

Furst stage lnminosity optimised (scenano A)

M

tn

Energy [TWh] per year

=
w

=1

1.4TeV

ha
o

M

—
[

2012: 1.35TWh —

Low enfry cost (scenanoe B)

0.5TeV
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r pAN
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—
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Year
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=
w

=

T
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@ Costs @

" = | 1 | ] .
‘© 8l - Machine control

";: | 1 & operational infrastructure
L i i - Civil engineering

% i T & services

= °r | I nteraction region

E 4 - - - Two-beam accelerators

© 7 | .

E T B Drive beam production

L i

w L - Main beam production

3 I { . :

) i .

=

m - -

~ - .

0

05TeVA 05TeVB

First to second stage: 4 MCHF/GeV (i.e. initial costs are very significant)

Caveats:
Uncertainties 20-25%
Possible savings around 10%
However — first stage not optimised (work for next phase), parameters largely defined for 3 TeV final stage
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Muon Collider / Neutrino Factory SN

Many technical challenges, intensive R&D on target, cooling required
FRONT END MUON SOURCE 6D COOLING ACCELERATION RING
[ORR 5
i > 0.2-2000 GeV _J:l'
O) © —
T+~ -
| _ —-~U~—Q——- .
Proton Source T o5 5O —
© = O +
98 60 =8 H
o5 58 ~ °© ~ 4 km
O .:3 D g >
o
Proton Driver o Front Erid Acceleration i Storage Ring
20 . 1.2-5GeV
= :
[ -
S o ~»o| © g 53 @
m v mo|l E 5 i ©
S o s g 8 € B S
= 2 35|l oa =i g
3 5 |Bel® gi <
< © |@5 E £ Accelerafor Types:
- " Linac, Recirculating
O Linac (RLA), FFAG




Long-Baseline Neutrino Experiment

-'l. e

ide-band, 3GeV v,
L— I 300km

Stage |:>10kton Liq ArTPC almlng !, 03
to go to underground (1,600m)
Stage 2: Additional 20-30kt

L —

Review drwen schedule ‘
Start operation in ~2022.

ij' "'Stage 1: 700kWV | Maln In]ector beam
h. Upgradable to >2.3MW w/ Project X

250

>
&

(0
o




Project-X

Operational in
Stages 1 and 2 Only

Op’éfziﬁonal in

T6vau'oﬁ_
Stage 1 Only v LamaNs
Nl 3-8 GeV High Power
Pulsed Linac Muon & Kaon
= £ — Campus
High Power

Spallation Campus

1-3 GeV
‘3,'\\_ CW Linac

N 3 ]
SF-0 = =
MI-60N\ —_— o
f, L7 “ (o - _J
h N o o R || O =g =[]
i ) ' 0-1 GeV =
3 g G ¢ CW Linac |* o : ;
||‘ Mam Injector “‘ = : | === Stage 1 0-1GeV
i g D === Stage2 1-3 GeV
3 I \ : === Stage3 3-8GeV
W " ==== Existing Beamline ||
Y /1 Enclosure
N\ 0
3 2

41



® Neutrinos from Stored Muons (old idea but never Well-understood neutrino source:

realised!)
N : . . i — 53
® Strongly revived interest in the combination of /J, o I/,u + I/G —I— €
- a clear resolution of the short-baseline neutrino |_E]p ;
anomalies with >>50 C.L. { / \ :
. L Sterile
- the precise measurements of the electron neutrino _ ¢ ._ I‘l ' EIeCtE’IG” Aacitan
cross-sections needed for LBL experiments, Target T neutrino _
- and the synergy with neutrino-factory technology. crosssections!
. K b ]
® FNAL PAC stage-1 approval in June 2013. j ( ) 'S
To be reviewed by US HEPAP P5 in the future a — : FD
(#300MS$ project).

® LOI submitted at CERN in June 2013, under review. | ~50m | ~800 m |

T T T

—_

-k e EbTING WAN oy BEAM +
_. - ?’; oo | A L'L“'J-k“ : al arXiv:1205.6338 |
& . i i Foavi 10 Wrong-sign p~
o = : : N 10 POT
] c% .‘{r?l‘;!lh
= 10° | 3 ;
= oS 7
< g 20,
107 a _ ;
99% MBZ/LSND
i TORI FOMAD) RIEWOR | 1 1
— T 10" 107 10° 107
sin® (QHHF,]
EPS-HEP 2013 A. Rubbia — Future neutrino programme = 29

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire




» ~ 100 kW Target Station (designed for 400kW)
> Assume 60-120 GeV proton

> Carbon target
> Inconel
> Horn collection after target
> Collection/transport channel
> Stochastic injection of =« Neutrig Seam . Rosay Ring ,
> Decay ring %%MW.#
> Large aperture FODO

> Also considering RFFAG

> Instrumentation
> BCTs, mag-Spec in arc, polarimeter

3.8 GeV/c

Alan Bross

EPSHEP2013 July 20, 2013



Sliber-Kamiokands sXZ . ' Ao -~ 4N | Neutrino[SIIN
{[CRR; Uniy. Tolky ittt  — e @t J-PARS
| L (KEK-JA SRR

b L -

135730 FukuRE136 30

= /107201 3" G154 1 138° 342680 E el A

At J-PARC, a proton beam is accelerated by a series of accelerators, which consists of
A 400 MeV (currently operating at 180 MeV) linear accelerator (LINAC)
A 3 GeV rapid cycling synchrotron (RCS)
A 50 GeV (currently 30 GeV) main ring (MR)

The applications of these beams include fundamental nuclear and particle physics, materials and life science, and
nuclear technology.

Higher intensity plans exists, as well as detector upgrade plans ...

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire




The EUROSB concept

® The European Spallation Source (ESS), which is being builtin ... e 7
Lund, will have a 5 MW 2.5 GeV superconducting linac e S pr
® First beams 2019, Full operation 2025 £ f?;ﬁj/[’*;@:‘;ﬂ
® Idea: Double linac power to 10MW (+accumulator ring) to ~-"-:0'Rm-: ,,:,'E'DEH{; Vo > “‘L‘F.E“f_'-'_i'_ _
deliver in addition 5SMW to a neutrino target to produce S WD o, AT £/
extremely intense beam with an average neutrino energy £ i) TheS :H.%:ioé;mh:r X
=300 MeV (Estimated additional cost for v beam: 400M€) o T GSW&D:H“LEmﬁ___E“SZ"“
® A MEMPHYS 540kton Water Cerenkov detector at Garpenberg DE“:RK "; .ﬁﬁ'&im;mm‘
mine (L=540 km). o g awmatss T TSRS
o L e e
Preliminary estimate T
Lo, of CPV coverage ® Unique opportunity to develop MW-class very low-energy
: 206V 25GeV 3Gev oo ey neutrino beam and understand operational issues (highly
8- gy

N challenging!)

- ® Low energy beam poorly focused and cross-sections very
low, so sensitivity limited by statistics (at present level of
understanding of systematic errors)

® Synergy with LAGUNA/LBNO for the far site (CERN-

Garpenberg=1700km and Protvino-Garpenberg=1300km)

00 v . . and detector
200 400 GO0 800 1000

L [Km]|

fraction of &
=
=N

=
=

EPS-HEFP 2013

A. Rubbia — Future neutrinc programme - 30
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Flavour Factories

Past:

e PEP-II @ SLAC, USA
» KEKB @ KEK, Japan
Present:

e DAONE @ INFN-LNF, Italy
e Vepp20ooo @ BINP, Russia
e BEPCII @ IHEP, China

Future:
SuperKEKB @ KEK

Proposals:
e Tau-Charm @ BINP, INFN, IHEP, TAC (Turkey)

M. E. Biagini, INFN/LNF



v i
i
N 'l.
——
= S —
= e E
= 1

Al 3ET | | P 7 .t LER
New superconducting final focusing
magnets near the IP

e 2.6A

Upgrade to Belle Il detector \\\\ bell I Superconducting Solencid , ’
- = TR YLEEEE e T T I o
- " iz 2l )
1 Al - == /

KEKB to SuperKE

& Nano-Beam scheme
extremely small 3,

. :H‘ . t MDH _ low emittance

@ Beam current double
ST

* j—~\ \
o
2er X ok \ﬁ’ky AR,

- v

Redesign the lattice to squeeze the
emittance (replace short dipoles with
longer ones, increase wiggler cycles)

Reinforce RF systems for
higher beam currents

40 times higher luminosity
2.1X1034 --> 8x1035 cm™s™

Improve monitors and control system

Injector Linac upgrade

Upgrade positron capture section
B

DR tunnel Low emittance

2 g L New e+ Damping Rin
K. AKAI, Progress in Super B-Factories, IPA813 R 9



S KEKB(@record) | SuperKEKB
parameters LER HER LER HER
Beam energy Eb 55 8 4 7.007
Crossing angle (full) ) 22 83
# of Bunches N 1584 2500
Horizontal emittance Ex 18 24 3.2 4.6
Emittance ratio K 0.88 0.66 0.27 0.28
Beta functions at IP | Bx /By’ 1200/5.9 32/0.27 | 25/0.30
Max. beam currents b 2.0 1.4 3.6 2.6
Beam-beam param. Cy 0.129 0.090 § 0.0881 | 0.0807
Bunch Length Gz 6.0 6.0 6.0 5.0
Horizontal Beam Size ox* 150 150 10 11
Vertical Beam Size oy* 0.94 0.048 0.062
Luminosity L 2.1 x 1034 8 x 103°

K. AKAI, Progress in Super B-Factories, IPL}&%F

a-beam scattering is included




“Commission

FY2014 FY2015 FY2016

: Basel I ne CY2015 CY2016 CY2017
: 10 " 12 1 2 3 4 5 6 7 B ] 10 " 12 1 2 3 4 5 6 1 B 9 10 " 12 1 2 k) 4 6 7 8 g
| S Ce n a rl O | Phase 1 Summer shutdown Phase 2 Summer shutdown Phase 3 Summer shutdown
| Commissioning
|Belle Il selenoid Rell In luminesity tuning detector tuning
|QCs Installations dismantlement Phase 1 Phase 2 - Phase 3
acs Cooling tes Jan. 2015 - ~4 months >
QCS Field meas. field meas.
| IR magnet Installation/ dismantlement 5 months > . |
|Concrete shield Installation/ dismantlement F I rSt ta rg et |U m I nOSIty
(Cosric-ray tost NN+ 4034 cm-25-1
|Endcap- Endyoke Installation -
| TOP Installation TO P
|CDC Installation C Dg
o — XD/SVD ready I installation
|Belle Il Status on the beam line
[Phase 1] No QCS, No Belle Il

e Basic machine tuning, Low emittance tuning

* Vacuum scrubbing (0.5~ 1.0 A, >1 month)

* DR commissioning start (~Apr. - )

[Phase 2] With QCS, With Belle Il (without Vertex Detector)
* Small x-y coupling tuning, Collision tuning

*  PBy* will be gradually squeezed

* Background study

[Phase 3] With Full Belle Il

* Increase beam current with adding more RF

* Increase luminosity

K. AKAI, Progress in Super B-Factories, IPAC13 49



_ Super t/charm proposa

Italian BINP IHEP Turkish
Tau/Charm Tau/Charm Tau/Charm Charm

Luminosity (cm2s™)
Circumference (m)
Beam energy (GeV)
Emittance H (nm)
Coupling (%)

IP § (xy) (mm)

bb V tune shift

Crab waist

Beam current (A)
N. of bunches

2 rings

1X1035

340
1223

5
0.25
70, 0.6
0.64 = 0.08
YES
1217

530

2 rings

1X10%

360/800

0.5 22
3/10
0.5

200,0.6/20, 0.76
0.095-20.17

YES

1.8 2 1.7
118

» s Linac+rin
8
1X10% 1.4 X 1035
990 250 (6007)
3 1+ 3.56
10 16
0.5 0.3
1000, 1 80, 5
0.06 0.12
YES NO
2.7 0.48 + 4.8
540 125

M. E. Biagini, INFN/LNF



Events / 0.01 GeV/c?

—4- Data
0 — Fit
80
=== PHSP MC
70 + . Background
\

3.7 3.8 3.9 4
M, (mJ/y) (GeV/c?)

SASF FEL Undulator

ERL

1 GeV Electron Linac

Detector

TUndulator

SR

3.56 GeV

Tndulator Positron Ring

Tndulator
Booster

Super-c-tau



Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments
area (b.205)
Extracted beams from
Nuclotron

\_

KRION-6T
and HiLac

(3.5 MeV/u)

Booster (3-660 MeV/u) Multi-Purpose
inside Synchrophasotron Detector (MPD)
yoke

SPP and
LU-20

(S MeV/u) Nuclotron

0,6-4,5 GeV/u
Cryogenics

= NICA NICA Project at JINR, Grigory Trubnikov Melbourne, July 07, 2012 http:/nica.jinr.ru




Facility for Antiproton and lon Research - FAIR
B BN

~ N 4 SI1S100/300
L p-LINAC

v Rare Isotope ,lw
— |

Production Target ’j
/ // Super-FRS

Antiproton
> 9 Production Target
Plasma Physics 7
Atomic Physics / ‘
_ AP FLar
e ML )

@ HELMHOLTZ
O. Kester, IPAC2013, 14/05/2013 FA' R | ASSOCIATION E E ][
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beam energy [GeV] 7000 60
Luminosity [1033cm2s1] 1
normalized emittance ye, [um]  3.75 50
IP beta function p*,  [m] 0.10 0.12
rms IP beam size o*,  [um] 7 7
rms IP divergence o', , [urad] 70 58
beam current [mA] (860) 430 6.6
bunch spacing [ns] (25) 50 (25) 50
bunch population 1.7x101! (1x10°) 2x10°
Effective crossing angle 0.0
D. Schulte: LHeC 7 I nte ra Ction Region LH:O

Loss compensation 2 (90m) Loss compensation 1 (140m) 0.2
0.15

0.1
0.05

Linac 1 (1008m) —
Injector

Matching/splitter (31m)
Matching/combiner (31m)

X [m]
o

Arc 1,3,5 (3142m) Arc 2,46 (3142m)
-0.05
Bypass (230m) 01
Linac 2 (1008m) 015
Matching/combiner (31m) Ipﬁ:‘ o \[;tector -0.2 |
Matching/splitter (30m) -40 -30 20 -10 O 10 20 30 40
Z[m]

CE?W European Organization for Nuclear Research

7 Organisation européenne pour la recherche nucléaire
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URGANIZED BYSTAESDIVISION DESEAR I CLESTAND HELD SN HESA ES
U STED BYS AESUNIVERSTIYAUEMINNESU IR
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Energy

DPF EXECUTIVE COMMITTEE

et
i
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WWW.SNOWMASS2013.0RG

Joint ECFA-EPS session - EPS HEP 2013

Goal: Identify compelling HEP
science opportunities over an
approximately 20-yr time frame

Not a prioritization, but can make
scientific judgments

Deliverables:
“White papers”
Input to working group write-ups
Report:
* 7x 30-page group write-ups +
theory report

w/ executive summaries input to
overview

* 30-page Overview
Analogous to Briefing Book of
European Strategy Update

The Ongoing Strategy Discussion in the U.S.
- A.J. Lankford

20 July 2013 55
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A Proposal for a Phased Execution of the
International Linear Collider Project

The Japan Association of High Energy Physicists (JAHEP) endorsed the
document on 18 October 2012

ILC shall be constructed in Japan as a global project based on agreement and participation by the
international community.

Physics : Precision study of “Higgs Boson” , top quark, “dark matter” particles, and Higgs
self-couplings,

Scenario : Start with a Higgs Boson Factory ~250 GeV. Upgraded in stages up to a center-of-
mass energy of ~500 GeV, which is the baseline energy of the overall project. Technical
extendability to a 1 TeV region shall be secured.

Japan covers 50% of the expenses (construction) of the overall project of a 500 GeV machine. The
actual contributions, however, should be left to negotiations among the governments.

More recently: Site selection, political process, Science Council, international
contacts ...

Also in Asia; China expressing interests in a 50km circular tunnel ... will be
interesting to follow 57



European Strategy Priorities

European Strategy priorities:
*  LHCand LHC luminosity upgrades (until ~2030)

— Higgs and Beyond the Standard Model physics in long term
programme
* BSM -—does it show up at LHC at 14 TeV, 2015 onwards ?
— What are the best machines to access such physics directly

post-LHC .... we don’t know but we can prepare main options
the next years towards next strategy update (~2018)

— Two alternatives considered; higher energy hadrons (HE LHC
or VHE LHC), or highest possible energy e+e- with CLIC

. ILC in Japan, a possibility for exploring the Higgs in detail, starting
at 250 GeV

— Ifimplemented a comprehensive programme that can map
out the Higgs sector in particular

* A European Neutrino programme in a global context, high lighting
long baseline projects

*  Several other points related to for example accelerator R&D ...

. Polarised
Damping Rings ethron source

Ring to Main Linac

(RTML)

(nc.lbunch compressors)
—

e Beam Delivery
Polarised ~ System (BDS)

positron & physics

source detectors




European Strategy Priorities

European Strategy priorities:
*  LHCand LHC luminosity upgrades (until ~2030)

— Higgs and Beyond the Standard Model physics in long term
programme

* BSM -—does it show up at LHC at 14 TeV, 2015 onwards ?

— What are the best machines to access such physics directly
post-LHC .... we don’t know but we can prepare main options
the next years towards next strategy update (~2018)

— Two alternatives considered; higher energy hadrons (HE LHC
or VHE LHC), or highest possible energy e+e- with CLIC

. ILC in Japan, a possibility for exploring the Higgs in detail, starting
at 250 GeV

— Ifimplemented a comprehensive programme that can map
out the Higgs sector in particular

* A European Neutrino programme in a global context, high lighting
long baseline projects

. Several

-y
olarise:
Ttron source

.........




-r Beam Instrumentation

* Unprecedented request for precision
— Positioning down to well below the micron level

* Treatment of increasingly more data
— Bunch by bunch measurements for all parameters

* Dealing with high beam powers

— Non-invasive measurement techniques
— Robust and reliable machine protection systems

* Dealing with the ultra-fast

— Measurements on the femto-second timescale

* Dealing with the ultra-low
— Measurement of very small beam currents

e . <0



LHC and LHC lum. upgrade remain backbone of future particle physics until
2030 at least

Energy frontier options are being developed, guidance for LHC at 14 TeV
needed — decision points in 2016-19? Post LHC projects both challenging and
interesting

ILC might turn into a construction project in the coming years

Neutrino programmes expected to become clearer — clear physics guidance
exists, international discussion important.

Flavour physics alive a well with “new” facility at KEK coming up

Longer term other possibilities .. plasma for example

And don’t forget light-sources, neutron facilities, medical accelerator and
industrial accelerators — with strong technology links to the projects above.

Would expects these links to strengthen, and important to work with in order to
develop technology and industry capabilities

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire
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