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‘Accelerators’ overview o

Outline

High energy: LHC and HL-LHC
* Near Future Colliders
— Higgs factories, ILC, CLIC, CEPC
— FCC (hh ee he), HE-LHC, SppC
— Strategic build order priorities
* Far future: Novel acceleration

* High intensity: Beyond Colliders &
Neutrino programme, other facilities.

UK contribution strategy

Disclaimer: focus on
accelerators relevant to EU PP

(exclude FELs, light sources,
medical accelerators, etc...)
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Higgs discovery over 5 years ago... i

P i
- 4 July 2012:

5o observation of a
Higgs-like boson
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LHC performance and future ] e

LHC performance exceeding yearly targets in quest to measure Higgs Boson couplings

and search for exotic physics: ATLAS Simulation Preliminary
50 Dark Matter, Extra Dimensions, Super symmetry, ... s =14 TeV: [Ld=300 o' ; [Ldt=3000 b
= 1 I I I I I I I I I ] ) ) - ’ -
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Processes extremely rare, requires many Ho>tt (VBF-iike
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o INCI.
Passed 100 fb! in October 2017 (ttH-like

A test collision recorded by the CMS experiment on 12 April 2018. The CMS collaboration uses
these first collisions to prepare for data taking, fine-tuning and powering on various subsystems
as needed. (Image: CERN)
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The path to High Luminosity LHC s

LHC Run2 currently at 13 TeV, integrated luminosity of >120 fb-' delivered to ATLAS/CMS by end 2017.

Plan to increase to 14 TeV after Long Shutdown 2.
After LS3 ending 2026, enter HL-LHC: aim to reach 5 - 7x nominal luminosity.

EU strategy 2013: Europe’s top priority should be exploitation of the full potential of the LHC,

including the high luminosity upgrade of the machine and detectors.
LHC HL-LHC

L
I

EYETS LS2 14 TeV LS3 14 TeV
13 TeV —
injector upgrade ato 7 x
Cryo RF P4 f&g‘;’;& HL-LHC nominal luminosity
P7 11 T dip. coll. regiars installation -
Civll Eng, P1-P5 ———\
= 2023 | IIIII“
ATLAS - CMS m/'
upgrade phase 1 damage ATLAS - CMS
BN G T 2.5 x nomina! lumenosty upgrade phase 2
nomenal lumnosey ot ciialinr el 1L§ AL'CE » LHCb [prm— —
/- upgrade
300 fb! inhosiy
Run 3 target HL-LHC target
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High Luminosity LHC — how? o,

&.(") CIVIL ENGINEERING “CRAB” CAVITIES U
{ =

2 new 300-metre service tunnels and 18 superconducting ,crab“ £ |

2 shafts near to ATLAS and CMS. cavities for each of the ATLAS S Ae

and CMS experiments to tilt the ﬁ

beams before collisions. S "

|
FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the [ |
ATLAS concentration of the beams before
collisions.

|

SUPERCONDUCTING LINKS BENDING MAGNETS

Filectrlcal transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powerful dipole bending magnets

current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new

tunnels near ATLAS and CMS.

collimators.

CERN Noverbre 2015

Lower beta* (~15 cm)
* New innertriplets-wide aperture Nb;Sn
= Large aperture NbTiseparator magnets
= Novel opticssolutions
Crossing angle compensation
= Crab cavities
"= Long-range beam-beam compensation
Dealing with the regime
= Collisiondebris, high radiation
Beam from injectors
= Major upgrade of complex (LIU)

= High bunch population, low emittance, 25 ns
beam
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ROYAL
HOLLOWAY

“CRAB” CAVITIES
16 superconducting ,crab“
cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

s IR beam
diagnostics

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before

SUPERCONDUCTING LINKS

Flactrical fransmission linas hasad on a

UK built prototypes

BENDING MAGNETS
4 pairs of shorter and more
powerful dipole bending magnets
to free up space for the new
collimators.

Major simulation/design effort

COLLIMATORS
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

CERN Noverbre 2015

UK institutes on HL-LHC-UK
£8M CERN-STFC investment in UK

CHEb [ER
1824
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LHC Injectors Upgrade

The Cockcroft Institute

of Accelerator Science and Technology

&4 UNIVERSITY OF

LIVERPOOL
/
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HUDDERSFIELD

+ new injector
diagnostics

Linac4:
160 MeV H |ons

Linac2:
50 MeV protons
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Near Future Colliders
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International Linear Collider: ILC (e
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International Linear Collider: ILC | it

* EU strategy 2013: ‘There is a strong scientific case for an electron-positron collider,
complementary to the LHC, that can study the properties of the Higgs boson and other
particles with unprecedented precision and whose energy can be upgraded.’

* ILC TDR complete, mature technology.
° V prototype: e+e- Higgs factory

e+e- annihilations:
E>91 +125 =216 GeV

E ~ 250 GeV

E >91 + 250 = 341 GeV

Y
4
¥

s PSE A
> Ty =
-
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J E ~ 500 GeV

XFEL started commissioning from 2017 t\

Phil Burrows
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International Linear Collider: ILC (e

ILC in Japan?

g
*t Cost reduction by technological innovatior

"5’0 !

\
o

Innovation of Nb (superconducting) material process: decrease in material cost

Innovative surface process for high efficiency cavity (N-infusion): decrease in number of cavities

Staging

ILC 500GeV

meeting of Lyn Evans and Prime Minister Abe, March 27, 2013

* Early optimism from Japan to host ILC.

* Proposed staging of 250 GeV CoM, | s
Higgsstrahlung (saves ~40% cost). IR TR

* Decision expected by end of 2018. /
< < 2 REA seminar (Nov. 8, 2017 *’ZOkm MiChizonoi
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ICFA STATEMENT ON THE ILC OPERATING AT 250 GEV AS A HIGGS BOSON FACTORY
The discovery of a Higgs boson in 2012 at the Large Hadron Collider (LHC) at CERN is one of the
most significant recent breakthroughs in science and marks a major step forward in fundamental

n
—

ROYAL
HOLLOWAY
UNIVERSITY
OF LONDON

D
physics.

o T . echnological innovatio
of matter and its interactions.

The International Linear Collider (ILC) operating at 250 GeV center-of-mass energy will provide
excellent science from precision studies of the Higgs boson. Therefore,

ICFA welcomes the efforts by the Linear Collider Collaboration on cost reductions for the ILC, which
indicate that up to relative to the 2013 Technical Design Report (500 GeV ILC) is
possible for a

meeting of AEFANCINTLENEEER G and notes that there is large

discovery potential with important additional measurements accessible at energies beyond 250 GeV.
Ear/y ICFA thus supports the conclusions of the Linear Collider Board (LCB) in their report presented at this
Prop meeting and as a Higgs boson
] factory with a center-of-mass energy of 250 GeV as an international project?, led by Japanese
ngg initiative.

1 1 In the LCB report the European XFEL and FAIR are mentioned as recent examples for international projects.

Decis

Ottawa, November 2017

"
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Compact Linear Collider: CLIC .

T 2
Compact Linear Colllder (CLIC) /
B 380 GeV - 11.4km (CLIC380) | -
I 1.5 TeV - 29.0 km (CLIC1500)
S0 3.0 TeV - 50.1 km (CLIC3000)

* Drive beam technology demonstrated at
CTF3, CERN, acc. gradient upto 150 MV/m.

* QOperation 100 MV/m, 135 MW at 12 GHz.
* Project stagingto multi-TeV e*e
380 GeV, 1.5 TeV,

* Design report due in Dec 2018 as input to
EU strategy.

fl - y ~ e
540 klystrons A 540 klystrons ,«' 7 i 4 L Y = p ‘
20MW,148ps | || Drive Beam ;"f""l‘fmmes | | | 20mw,148ps ' i %l A B2 S - '
— - I — s eay 73m f Z . 2
drive beam accelerator CR1 29(;0; drive beam accelerator o) 34 . ks , / =
CR2439m U as A S— . A v oo
25km 25km ah o 2 AR T
delay loop > < delay loop PPN b ey 'J 4=
3 e yiry el r 7
deceleralor 25 sectors of 878 m Bty § A ; ! 9% ‘ 2
Nh *. 4 n & / " "" T / P < -
M BDS BDS M‘ !u!!z !H!! i of r  § KPS 4 : AR Geneva
275km 275km o 2 : Fey ", |
e~ main linac, 126Hz,72/100MV/m 21km e* main linac < o by y el £
(o
50 km .

CR combiner ring /
TA turnaround

D umevind 1.5 TeV / beam
PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP interaction point

B dump

2.86 10 9 GeV Main Beam

e-injector
2.86 GeV

et injector
2.86 GeV

UK |nst|tutes contrlbuted to de5|gn Ph|I Burrows — CLIC spokesperson
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Compact Linear Collider: CLIC 00

* Drive beam technology demonstrated at
CTF3, CERN, acc. gradient upto 150 MV/m. (G i iy @

* Operation 100 MV/m, 135 MW at 12 GHz. CLIC physics context
* Project stagingto multi-TeV e*e

— 380 GeV, 1.5 TeV, Energy-frontier

* Design report due in Dec 2018 as input to capability for =, 10° — —
EU strategy. electron-positron & ; ]

| wywe  cCOIlisions, B 10°F 4

CLIC layout 380 GeV 557" animavuir : :
w for precision 9 10 3 e~

_— ) T —— exp'oration 8 1 ;_ v—“f;'

1 P < Of Higgs + top, : -

1 as well as potential  1o'L ;=.

= ;5;';3;:? V new physics 2 : o

PDR preda mp ng ring booster linac - | 7 |

T | ::':rtnnl'_?_lycemerge L 1000 2000 300_0

UK institutes contributed to design; Phil Burrows — CLIC spokesperson
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Proposed Circular Colliders in China

Qinhuangdao (RE£ %)

:

Easy access
300 km from Beijing
3 h by car
1 h by train
Yifang Wang
Google earth

/

John Adams Institute for Accelerator Science
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Future Circular Colliders: hadrons

parameter FCC-hh SppC HE-LHC HL-LHC

e S T T N I T B TR
dpooioam | e | 2 | 15 | s | ss |
eynchrad.powor/ring (W] | 2400 | w00 | o1 | 7a | ss |
ctorodonergybeamic | 84 | 82 | 13 | o1 | os |
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Future Circular Collider: FCC (hh ee he) o L.

SN F CC WEEK 2018 Eeibchiaies

Ml Future Circular Collider Conference ar‘t|C| ants
_ AMSTERDAM Netherlands P P

3 09 - 13 APRIL -

mmm L _sep

fccw2018.web.cern.ch

Exp = | arc
Inj. +Exp Inj + Exp.
/ 1.4 km
QL e ) || ool — 28km — extfact'onil D
1B

1.4 km

: » , e l\
« pp-collider (FCC-hh) - main emphasis, O e O

defining infrastructure requirements H & F

« e*e collider (FCC-ee), as potential first step
 HE-LHC with FCC-hh technology
p-e (FCC-he) option, IP integration, e from ERL

SEEEEEE
© o ©o o o ©

F. Zimmerman J. Osborne & J. Stanyard
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FCC Week in Amsterdam, 9-13 April 2018

Dutch press last week catch on to Physicists' ambitions:

B e z
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. TR - AR 7. N
Ka 597 X . . W\ b
ot (58 - \ 1
\ " ’ > .

(leV()ll(sl(rant

Hoe moet de grootste
deeltjesversneller op aarde eruit gaan
zien?

ght the l\argest part'\c\e

u\Nhat mi h \ook “ke?n

acce\erator on ear
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Considering the options: what to build when? e

* Many options for future accelerators: how to decide which to build and when?
— HE-LHC ; FCC-ee, FCC-he, FCC-hh
— ILC (250 /500 GeV), CLIC (380 GeV CLICino, 1.5, 3.0 TeV)

— Which combination/ sequence of construction?

HE-LHC —> FCC-hh versus

HE-LHC —> FCC-ee —> FCC-hh versus

FCC-ee —> FCC-hh

CLICino —> HE-LHC —> Muon collider G. Dissertori

— What scenarios are ‘realistic’, ‘feasible’, ‘dangerous’ ...?

— How would construction of ILC in Japan or Chinese collidersimpact plans for future
colliderat CERN?

» Depends on IPPP: Innovation, Physics, Price & Politics:
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Considering the options: what to build when? (e

HL LHC HE LHC

2020 2030 2040 2045 time

= built x - Killed
G. Dissertori
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Considering the options: what to build when? ool e
Scenario 1a: ILC + FCC-hh

x

N -
HE LHC

2020 2030 2040 2045 time

G. Dissertori
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Considering the options: what to build when?
Scenario 1b: ILC + HE-LHC

2020 2030 2040 2045 time G. Dissertori

/ Stephen Gibson — UK input to EU PP Strategy, Durham, 16 April 2018

John Adams Institute for Accelerator Science



Considering the options: what to build when? .

Scenario 2a: FCC-ee + FCC-hh

2020

G. Dissertori
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Considering the options: what to build when?
Scenario 2b: HE-LHC + mu-C

2020 2030 2040 2045 time G. Dissertori
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Considering the options: what to build when? o
Scenario 2c: CLIC

2020 2030 2040 2045 time

G. Dissertori
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Far Future: Novel Acceleration
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Higgs factory: which flavour? o,

Muon collider?

ILC

/ Lenny Rivkin
' Stephen Gibson — UK input to EU PP Strategy, Durham, 16 April 2018
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ROYAL

Muon Collider concepts

* u+u- main advantage over e+e- is less synchrotron radiation: TeV collider fits in small ring

Front Cooling Acceleration Collider Ring
2

10

Accelerator Types: Linac,
Recirculating Linacs (RLAs),
FFAG

Proton Driver

. Target
ﬂ i
=]
o

Accumulator
Hg-Jet Target
Capture Solenoid

8 GeV Linac ?

Decay Channel

Phase Rotator
6D Cooling
6D Cooling

Merge

=
[*]
c
3
@

* ‘Traditional’ muon collider

— High intensity protons on target generate pions which quickly decays: oL
:'t+
* Large 6D emittance beams must be cooled: - @ Vy
* Muonionization coolingdemonstration by MICE, program ending now... e gun

to fast
acceleration

* New idea for muon collider (M. Boscolo)

— High intensity 45 GeV e+ beam hits thin target (0.01 rad length) collides
with e-in target, giving muon pairjust above threshold:

— Small emittance and small energy spread, therefore no need for cooling.

et*Linac or Booster

(not to scale)

— 6.2 km storagering.

ete” > uu”
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‘Table top’ accelerators?? (e

* How to increase acceleration gradient beyond conventional RF 100 MV/m (CLIC technology)?

GORDON AND BETTY

MOORE

FOUNDATION

RF Acceleration: scaling with frequency

o -(I)f(- sS==== < wmwstaiins  od | A~
L] E=SSE E rmeow ANDER [JT’E] g RN
DESY | B e \ ™ 4 il

ECOLL POLYTICHNI = & = ANGH 0eRa w‘h‘m
FEDERALE DE LAUSA HoMA 20

/" Lenny Rivkin
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Laser / THz accelerators - L.

Dielectric Laser Accelerators * THz structures
— High electric field at optical wavelengths: — Easierto manufacture / control at THz wavelength.
— Gradients<0.3-1 GeV/m — Recent demonstration of THz accelerated beams

— Staging ratherinefficient, lowers average gradient (>30 keV so far), + new developmentsin UK.

— Laser efficiency -> high power requirements.

ol Ay
Peak gradient as a function of Laser Field e s
Laser pulse energy (mJ)
0.01 0.05 0.1 0.15 0.2 0.3 MCP detector
- - . . —— s
M
300} 7 |
a / 100 -~ 1'01 /\
£ L ." 3 4 ectrum
£ 250 /;q $ {d} } z g ors(p)ﬂ?
b3 ’ . B~ X, o f(THz)
o] . ” 75 §
i -
g 150k o S L 50 é
g 4 X 8
‘g . y /i o .o Daa 30,0; mitlure . ARTICLES
g & /,/ iy 2 p OtoNICS https://doi.org/10.1038/541566-018-0138-2
& //./ —— ﬁimulaltionl: worst J45
50p // oise level N
0;4“—-. e e . | Segmented terahertz electron accelerator and
0 0.5 1 15 2 25 3 35

manipulator (STEAM)

Dongfang Zhang ©®'25*, Arya Fallahi®">, Michael Hemmer®", Xiaojun Wu'4, Moein Fakhari'?,
Yi Hua', Huseyin Cankaya', Anne-Laure Calendron'?, Luis E. Zapata', Nicholas H. Matlis' and
Franz X. Kértner ®'23

o . i
Peralta et al., Peak incident electric field, £, (GV m™)
Natiira N2 Q1
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Laser & beam driven plasma wakefield: 100 GV/m R

* Laser-plasma accelerators (1 GeV demonstrated) * Protondriven plasma wakefield

— Laser pulsein plasmafilled capillary enables — 12cm, 3x10'! proton bunch drives plasma wakefield
electronsto surf a plasma density wave. in cell at SPS.

— Recent exciting developments in multi-pulse — Acceleration of 15 MeV injected e- to >1GeV
schemes and staging atlow energies. — Successful observation of self-modulationlast year:

Propagation direction
FTEUE T

Wake;otential protons e ‘e e - l ;
- . f AP ~ S b ;. \ Hg ,In ’ ,
2! o p Bt - 5 .
g g 3 L AN T | Al )ﬂ ““
. I
. . A . -
A *. » v o

Bubble regime

self-injected laser pulse

electrons

1

)
3
Proton beam density py..,

Plasma electron density p,,

0.00

Distance in beam (z)

Self-modulated proton bunch
resonantly driving plasma

cavity

or“bubble” Second half of the proton bunch sees plasma .
[ S.M. Hooker et al. J. Phys. B 47 234003 (2013)] s wakefields.
LBNL have demonstrated staging at low energies (~200 MeV increased to ~300 MeV). ' No Plasma g
Stage I Plasma Steinke, S. et al. Multistage '

gas jet lens  Plasma-mirror

tape coupling of independent

laser-plasma accelerators.
Nature 530, 190-193 (2016).

Magnetic
spectrometer

Van Tilborg, J. et al. Active
Stage ||
7 mﬁharge capj llary

, Plasma Lensing for Relativistic
Laseis Lanex screen ) E Laser-Plasma-Accelerated
—— (removable) i

Electron Beams. Phys. Rev.
Eanexscroen Lett. 115, 184802 (2015).
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Road to multi-TeV colliders: e

T

Z pole: 1500
WW: 200

80 .00 Musaon Colbders

FCC-ee,
70.00

6000

%0.00

10)!
cm?s?
/nMw

4000

30.00

2000

PWF
——
1000

OLA e

0.10 1.00 1000

C.M. colliding beam energy (TeV) . .
——ILC —m-CUC —a—PWFA ——LPA »-DLA —e—Muon Colliders —+—FCC(TLEP) G D|Ssert0r|
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High intensity beams: physics beyond
colliders and neutrino programme
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Physics Beyond Colliders at CERN L

 PBC launched in 2016 with mandate to

PhyS ICS BeyOnd Colliders explore opportunities offered by the CERN

The annual workshop of the Physics Beyond Colliders study group

is to be held at CERN, Geneva, on 21-22 November, 2017. acce/erator Comp/eXfOI' I’)OI’)-CO//idE‘I‘ phySIC.‘.

S | & /
: :.followmg up on the-mission of.the study group, the worksho

‘disctiss the opportunites offered by the CERN complex-for futlire — Wide range Of beams, IntenSItles, energies

(. non- colllder experiments.that explore open questions in fundamental | ;

s

=z

o

l
This second workshop will present the progress and developmig I n put tO ESPP u pdate

of ideas currently under investigation bythe Physics Beyoﬁ'a ollidersy
study. It also aims to stimulate and discuss new ideas. = '

Overall executive summaries plus:

. ‘ B Protons post LIU Evaluation and proposals
Details on the workshop programme, registration and abstra€t submission, as well as the m -
= of the Study Group, can be found on the workshopweb siter"hitps://indico.cerg.ch/eveptt AT 4 Technology Evaluation and proposa|5
QOrganizing Committee: Joerg Jaeckel, Mike Lamont, Connie Potter, ClaudeYallée. . .
B eci:- oG com@ontn o BDF Comprehensive design study
Conventional beams Case dependent feasibility studies
' LHC FT Preliminary conceptual designs
l?@zw : EDM Feasibility study
PFWSICGI Gamma factory Exploratory study
- *Beyonc
St M. Lamont’s slides in 2"d PCB workshop AWAKE+ SIS SIe
' ] NuSTORM Exploratory study
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Physics Beyond Colliders at CERN -
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Physics Beyond Colliders at CERN
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Long Baseline Neutrino programme L.

* Long Baseline Neutrino programme; see e.g. Asher Kaboth’s overview at IOP-HEPP/APP:

— Current generation: T2Kand NOvVA
— Next generation: HK and DUNE

* Accelerator generated high intensity neutrino beam produced via by Proton Improvement

Plan at Fermilab:
— PIP-IlIl high power proton driver 1.2MW -> multi-MW ; (UK: Front End Test Stand developmentat RAL-ISIS).
I IA
“The US-led DUNE/LBNF project b %
will undertake a game-changing DEEP UNDERGROUND
programme of neutrino physics Sanford Underground e e T
targetingbig science challenges

STFCis investing £65 million
as part of the S500 million

international project”
B. Bowsher

Fermilab
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Summary & points for discussion 0

* Top priority: exploitation of LHC Run Il & HL-LHC from 2026 — 2036...
*  Which collider to build next? Depends on IPPP; Innovation, Physics, Price & Politics:

— Japan expected to decide whether to build ILC by end of 2018; if not, plenty of options:
— e*e  Higgs factories: ILC, CLIC, CEPC, FCC-ee;
— Hadron colliders: FCC-hh, HE-LHC.

* Novel acceleration: reaching >100 TeV in feasible size requires new technologies, priorities
for development?

— Laser-plasma, beam-driven plasma wakefield, THz, dielectrics, muon collider...

* Consider many non-collider PP experiments to exploit CERN accelerator infrastructure + UK
engagement in high intensity accelerator driven neutrino programme.

* UK strategy for engagement in EU PP; scientific & economicreturn on investment.
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Back up
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Future Collider Phenomenological Cost Model 1 e

— 112 + R 12 4+ 5 P12
Cost(TPC)=aL'*+f[E“+pP Viadimir Shiltsev

where q,[3,y — technology dependent constants PRESENTED AT
— a=2B$%/sqrt(L/10 km) DPF 2015
A~ E/T The Meeting of the American Physical Society
P~ 10B$/sqrt(E/TeV) for RF Division of Particles and Fields
— B= 2B$/sqrt(E/ TeV) for SC magnets Ann Arbor, Michigan, August 4-8, 2015
— B= 1B$ /sqrt(E/TeV) for NC magnets
_ Table 1: Main parameters (c.0.m. energy Ecm, facility size Ly, site power P) of the collider projects
Y= 2B$/Sq I‘t(P/'l 00 MW) and their estimated total project cost 7PC according to the phenomenological afy—model [10].
"VLHC- Ecm, Ly, P, Region afly—TPC,
iLclSSC TeV km MW $B (est.)
104 T S “Near” Future
2 s CepC 0.25 54 ~500 China 10.2 £3
= - FCC-ee 025 100  ~300  CERN 10.9 43
§ px I" = ILC 0.5 36 163 Japan 13.1 +4
= S SPL ‘ Future
S The model is CLIC 3 60 589 CERN 27.0 +8
fw good to +30% pp-Collider 6 ~20 230 usS? 14.4 £5
. SppC ~50 54 ~300 China 25.5+8
"Actual® Cost (BS) 10 FCC-pp 100 1(29 } ~400 CERN 30.3+9
Far” Future

X-Collider <10 <100 ? <10
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beam energy [GeV] 45.6 45.5 120 120
beam current [mA] 1390 461 29 17
no. bunches/beam 16640 12000 393 242
bunch intensity [1011] 1.7 0.8 1.5 1.5
SR energy loss / turn [GeV] 0.036 0.036 1.72 1.73
total RF voltage [GV] 0.1 0.1 2.0 2.2
long. damping time [turns] 1281 1280 70 70
horizontal beta* [m] 0.15 0.2 0.3 0.36
vertical beta* [mm] 0.8 1.0 1 1.5
horiz. geometric emittance [nm] 0.27 0.17 0.63 1.21
vert. geom. emittance [pm] 1.0 1.6 1.3 3.1
bunch length with SR/ BS [mm] 3.5/121 24/8.5 3.3/5.3 2.7/ 3.3
luminosity per IP [1034 cm-2s-1] >200 32 >7 3
beam lifetime rad Bhabha / BS [min] 68 />200 240/ >300 38/18 40 /100




