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ors outside and inside CERN in
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al. 1 ostly in the context of CARE -
network (with support of the EU-FI’6) with contribution
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e future of proton accelerators at CERN: POFPA and PAF
injectors: design teams on Linac4, SPL, PS2, SPS

and invaluable help by numerous enlightening
discussions during workshops & conferences...
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(heavy ion) accelerators at CERN
T I ckntiao

AN ULALAUD

. » callidar (“T Ha(C7)\
‘—J\a-t/ VAL A AVAMAL WSAE %\ LALLM A \ Aum AN ~— /

.I..L6.l. [ SN Gy EV) By | OY § 6] \/‘lubl \ L/ LJl LN\_ /

B DAantAan O AIIRARENY T T A TT 770

L T By B A_J\.,J:/LU.LI. N\ LLALNAN L \ N L AN UL LLINC /

72t a i =

. Why upgrade?
= When?
= Which upgrades?

June 23-27, 2008 4 R.G.
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Why upgrade the LHC ?

= Hardware ageing

m Foreseeable
luminosity
evolution

2008

June 23-27, 2008

halving

Radiation
damage limit
© J. Strait
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e to hardware limits

infrastructure has suffered from the
entration of resources on LHC during the past
ears

or better beam characteristics

June 23-27, 2008 §) R.G.
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or new IR hardware and new injectors:

2000-2011

June 23-27, 2008 7 R.G.
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proton-proton collider

LHC Interaction Regions

Low B ipp)
High Luminosity

c.m. energy 14 TeV
(7x Tevatron)

Design luminosity

34 2c-1
O

(~100x Tevatron)

Start of
beam commissioning
in 2008

Low @ (Ions) { B]EI?:JIIC 8)

Low B (pp)
High Luminosity

LHC baseline luminosity was pug,hed In competition with SSC



= Power in triplet ~ 200W at 1.9/ 1K

June 23-27, 2008 10 R.G.



Preliminary improvements S\

jonal resources for “New Initiatives” + Support of EU-FP7 & US-LARP

Collimation phase 2

accuracy?), much more robust against

ollimators + increased triplet aperture (IR upgrade phase 1)
Set-up time (accuracy ?): BPM inside collimator jaws
= Planning:

= Conceptual design review by end 2008
o Hardware test with & without beam in 2009/2010
o Operational in 2011/2012

June 23-27, 2008 11 R.G.



Preliminary improvements S\

jonal resources for “New Initiatives” + Support of EC-FP7 & US-LARP

IR upgrade phase 1

s Upgrade of ATLAS and CMS IRs.

Replace present triplets with wide aperture quadrupoles based
on LHC dipole cables (Nb-Ti) cooled at 1.9 K.

Upgrade D1 separation dipole, TAS and other beam-line
‘equipment so as to be compatible with the inner triplet aperture.

s Modify matching sections (D2-Q4, Q5, Q6) to improve optics
flexibility. Introduction of other equipment to the extent of
available resources.

= Planning: operational for physics in 2013

June 23-27, 2008 12 R.G.



with ¢ = Piwinski angle

¢ =00, [(207)
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effective beam size
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Factor wrt
ultimate

J.-P. Koutchouk

QO0 quad’s
DO dipole

~D0idipole clo§e t9 IP= 15 j Beml
bunches quasi-aligned S ——s " O angle

Crab

Beam 2 cavities

- :‘|- er Abe P. g -
= Verysmall f*(8 cm) 6

O Hour-glass effect 0.86 o ultimate beam (1.7x10"! protons/bunch, 25 spacing),
- B* ~10 cm
Total 6’7 ° early-separation dipoles in side detectors , crab
cavities

— hardware inside ATLAS & CMS detectors,
first hadron crab cavities; off-0 8

June 23-27, 2008 14 R.G.



Factor wrt
ultimate

Itimate beam
rab cavities =

at collision (¢~ 0) =

O Vefy small £*(8 cm) 6
= Hour-glass effect

Total 6.7

June 23-27, 2008 15
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L. Evans,
W. Scandale,
F. Zimmermann

Beam 1

Crab

cavities

Beam 2

ultimate LHC beam (1.7x10!! protons/bunch,
25 spacing)

B* ~10 cm
crab cavities with 60% higher voltage
— first hadron crab cavities, off-6 B-beat

R.G.



Factor wrt

ultimate F. Ruggiero,
W. Scandale.
F. Zimmermann

Stronger triplet magnets

- - -—--——-
. . - ) Beam 1
and 3% intensity per Wire
bunch(¢~2) = larger

compensators

2 bb ‘ Beam 2
Reduced S *(25 cm) 2
O Longit. profile 1 . 4 ° 50 ns spacing, longer & more intense bunches
(5x10"! protons/bunch)
Total 5.3 *  B*~25 cm, no elements inside detectors
> long-range beam-beam wire compensation
— novel operating regime for hadron colliders
June 23-27, 2008 16

R.G.



chemes comparison

© F. Zimmermann

Parameter ]
transverse emittance e [um] 3.75 3.75 3.75
protons per bunch N, [10%] 1.7 1.7 ‘|
bunch spacing At [ns] 25 25 |
beam current | [A] 0.86 0.86 |
longitudinal profile Gauss Gauss |
rms bunch length 7.55 7.55
beta* at IP1&5 | |
full crossing angle 0 673 | 381
Piwinski parameter 0 0 |
hourglass reduction 0.6 0.36 0.99
peak luminosity 15.5 i 15.5 | 10.7 |
peak events per #ing 294 294 | 403 |
initial lumi lifetime
effective 2.4 2.4 2.5
6,_6 6;6 ‘"_ 5_
36 36 35
4.6 | 4.6 | 6.7
1.04 (0.59) 1.04 (0.59) 0.36 (0.1)
0.25 0.25 0.36
0.33 0.33 0.78
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decays faster luminosity [10”ecm™s"]  ES/FCC
€€ schemes

events per crossing

ES/FCC

@ But LPA always gives more
events per crossing...

June 23-27, 2008 () R.G.
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more constant luminosity, with less
it of the run and higher luminosity at

1 crossing angle at the IP or the field in the
crab cavities)

LPA scheme: variable f* and/or o,

June 23-27, 2008 20 R.G.



INJECTOR COMPLE)
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- Upgrade procedure

Main performance limitation.

injection AQSC oC

\ Aug exy Pr°

V) because of t
b eam brlghtne

Increase injection energy in the PSB from 50 to 160 MeV kinetic
Increase injection energy in the SPS from 25 to 50 GeV kinetic
Design the PS successor (PS2) with an acceptable space charge
effect for the maximum beam envisaged for SLHC: => injection
energy of 4 GeV

June 23-27, 2008 22
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Present and future injectors )

Proton flux / Beam power

Linac4

(LP)SPL: (Low Power)
Superconducting Proton
~ Linac (4-5 GeV)
B T PS2: High Energy PS
- (~5to 50 GeV - 0.3 Hz)
SPS+: Superconducting SPS
(50 to1000 GeV)
SLHC: “Superluminosity” LHC
""""""" _ (up to 103 cm—2s1)
----------------------------------------------------------------- DLHC: “Double energy” LHC
(1to~14 TeV)

)

—
ol 0
o3,
=l
<)
P
P
<)

Output

\4
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Zones d'implantation s
des batiments SPL

AVOUL O] | C

Zone d'extension
EURISOL

VUE EN PLAN - 1/2500

Note: Retouvez les references des batiments SPL
sur le plan infifule "SPL PROJECT"

f :
= f T : = ] W “\.' J
Linac4 .p— .S :

Acces personnel ,-"

| Lin

'\ Acces materiel

ac 4
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lon species H-
Output kinetic energy 160 MeV
Bunch frequency 352.2 MHz
Max. repetition rate 1.1 (2) Hz
Beam pulse duration 0.4 (1.2) ms
Chopping factor (beam on) 62%
Source current 80 mA
RFQ output current 70 mA
Linac current 64 mA
Average current during beam pulse 40 mA
Beam power 5.1 kW
Particles / pulse 1.0 10%
Transverse emittance (source) 0.2 mm mrad
Transverse emittance (linac) 0.4 mm mrad

June 23-27, 2008
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ID| WBS Task Name 7 2008 2009 2010 2011 2012 2013

Q2[Q3[ Q4| a1[Q2[Q3[ Q4| a1[Q2[ Q3 Q4] Q1] @2[Q3[ Q4] Q1 02/ Q3[ Q4| Q1] @2[ Q3[ Q4] Q1] Q2[ Q3| Q4

1 Linac4 project start 01/01
2 2 Linac systems —
3 21 Source and LEBT construction, test| [0
4| Drawings, material procurement I
5| 2z RFQ construction, test
6| 24 Accelerating structures construction
7 Klystron prototypying
8| 26. Klystrons construction
9| 26 LLRF construction
10| 23 Beam Instrumentation construction
11| 2. Transfer line construction
12| 2« Magnets construction
13 2.1 Power converters construction
14 5 Building and infrastructure

15 5.1 Building design and construction

16/5.2,3, Infrastructure installation

17 3 PS Booster systems

18 3.1 PSB injection elements constructior

19 3.2 PSB beam dynamics analysis

20 4 Installation and commissioning

21 4.1 Test stand operation (3 + 10 MeV)

22 4.: Cavities testing, conditioning

23 Cabling, waveguides installation ||

24 Accelerator installation

25 Klystrons, modulators installation

26 Hardware tests

27 Front-end commissioning

28 4.k Linac accelerator commissioning

29 Transfer line commissioning

30 PSB modifications

31 4.€ PSB commissioning with Linac4

32 Start physics run with Linac4 W 01/05

P
CERN

\
=z

Milestones

» End CE works:
December 2010

> Installation:
2011

» Linac
commissioning:
2012

» Modifications PSB:
shut-down 2012/13
(6 months)

» Beam from PSB:
1rst of May 2013



= Low: loss injection process (Charge exchange instead of betatron stacking)

zh flexibility for paintin%in the transverse and longitudinal planes (high
hopper at 3 MeV in Linac4)

o More intensity per pulse available for PSB beam users (ISOLDE) - up to 2x
o More PSB cycles available for other uses than LHC

First step towards the SPL:

= Linac4 will provide beam for commissioning LPSPL + PS2 without
disturbing physics

June 23-27, 2008 28 R.G.



stage 2: LP-SPL

4 (160 MeV)

Kinetic energy (GeV)
il leiodic e Beam power at 4 GeV (MW)

m Rep. period (s)

Protons/pulse (x 1014)
Average pulse current (mA)
Pulse duration (ms)

June 23-27, 2008 AL R.G.



Stage 2: PS2

#S” main characteristics
. compared to the prez=nb PS

PS2 PS
Injection energy kinetic (GeV) 4.0 1.4
Extraction energy kinetic (GeV) ~ 50 13/25
Circumference (m) 1346 628
Maximum intensity LHC (25ns) (p/b) 4.0x 1011 ~1.7x 1011
Maximum intensity for fixed target physics (p/p) 1.2x 1014 3.3 x 1013

Maximum energy per beam pulse (kJ) 1000 70
Max ramp rate (T/s) 1.5 2.2
Cycle time at 50 GeV (s) 2.4 1.2/2.4
Max. effective beam power (kW) 400 60

June 23-27, 2008



Stage 2: Planning

-SPL and PS2 will not interfere with the regular operation
for physics.

-

TS S ioning hon 45416
Fri114MG

Mon SEM T

Start operation for physics Mon FIEMT Marn Fi3MT

Milestones

> Project proposal: June 2011
> Project start: January 2012
» LP-SPL commissioning: mid-2015

» PS2 commissioning: mid-2016
» SPS commissioning: May 2017
» Beam for physics: July 2017

June 23-27, 2008

R.G.
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k > easier handling of high intensity. Potential to increase the intensity per
pulse

= Benefits for users of the LPSPL and PS2
o More than 50 % of the LPSPL pulses will be available (not needed by PS2)
— New nuclear physics experiments - extension of ISOLDE (if no EURISOL)...
o Upgraded characteristics of the PS2 beam wrt the PS (energy and flux)
o Potential for a higher proton flux from the SPS

June 23-27, 2008 32 R.G.



characteristics

June 23-27, 2008

stage 3: HP-SPL

1c4 (160 MeV)

SHBRpEr DL CCOTL SPIMS =065 + p=1.0 —>

Energy (GeV)
Beam power (MW)

Rep. frequency (Hz)
Protons/pulse (x 1014)
Av. Pulse current

Pulse duration (ms)

Option 1 Option 2
250r5 25and 5
3 MW (2.5 GeV) 4 MW (2.5 GeV)
or and
6 MW (5 GeV) 4 MW (5 GeV)

50 50
1.5 2 (2.5GeV) +1 (5 GeV)
20 40
1.2 0.8 (2.5 GeV) + 0.4 (5 GeV)



F
ge 3: Benefits @

actory), adding an accumulator and a
ence) + muon facility with storage ring(s) at

ioactive Ion Beams (ISOL-like), adding beam switchyard with
d experimental hall

June 23-27, 2008 34 R.G.
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2 ~40 KW to
~10 KW te ISOLDE

ISOLDE ~70/kWito
RIB facily Y
ty -

| | | - >10% pot @
| ‘ ‘ 450 GeV
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352 MHz

jo-Frequency power
by 19 klystrons

, al

the beam is e,
e 3MeV line

1 Permanent TR

drupoles and 33 _ Solirce

tic Quadrupoles

| RFQ | DTL |CCDTL [PIMS|
 No.ofresonators | 1 | 3 | 7 | 12 |

GradientEp | - | 32 | 2839 | 40 | MV/m | NS (R NIR R e s
connects to the existing
line Linac2 - PS Booster

No.ofKlystrons | 1 | 1+2 | 7 | 4+4 |
Length | 6 | 187 | 252 | 215 |m |
June 23-27, 2008 ¥e}



nac4 civil engineering

Equipment
building

Linac4
tunnel

Linac4-Linac?2
transfer line

Low-energy
injector

Access
building

June 23-27, 2008 R.G.
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)
Tunnel cross-section )

beam line

Final position of cable trays:

Linac 4 Installation Layouts | |

Jean-Pierre Corso ; ’ CROSS-SECTION

June 23-27, 2008 R.G.






hitecture

nominal

SPL type IprevEE option | I b
frequency [MHZ] 704.4 1408.8 352.2/1408.8
beta families 0.65/0.92 0.6/0.75/0.94 0.67/C.8/0.94
cells/cavity 55 7/9/9 4/5/9
trans. energies [MeV] 160/589 160/358/876 tbs
output energy [MeV] 5137 tbs
gradients [MV/m] 19/25 19/20/28 tbs
cavities p. module 6/8 1/1/8
cavities p. period 3/8 bs
cavities p. family gy 192 32/48/176 tbs
cavities in total 231 tbs
length [m] 425 tbs

June 23-27, 2008 «piential SPL architectures”, SPL review, 30 April 2008, F. Gerigk, M. Eshrag R.G.



high-beta section:

e 704.4 MHz, 25 MV/m,

* 668 - 5094 MeV,

e 25 periods, 200 cavities,
e 3/7mM

low-beta section:

e 704.4 MHz, 19 MV/m,
180 - 668 MeV,

e 14 periods, 42 cavities,
e 86M

50 quadrupoles SC 5-cell, B=1 cavities

| IIIII T .

- 14.26 m
3 15.06 m
SC quadrupoles SC 5-cell, 3=0.65
beam axis

3 |1.45 m
. 12.25 m

N total; 463 m, 242 cavities, 2 families, 704 MHz

une 23'27’ 2008 “Potential SPL architectures”, SPL review, 30 April 2008, F. Gerigk, M. Eshragi

R.G.
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