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1. INTRODUCTION Motlvatlon

1. Lack of reliability:

Ageing accelerators (PS is 48 years old !) operating far beyond initial parameters

= need for new accelerators designed for the needs of SLHC

Q. Mo R
2. Main performance limitation: = Gy O
with N, : number of protons/bunch

Excessive incoherent space charge _ _
tune spreads AQq. at injection in the €y v - normalized transverse emittances
PSB (50 MeV) and PS (1 4 GeV) because R: meanradiusof the accelerator

of the high required beam brightness N/&*.

By . classica relativistic parameters
= need to increase the injection energy in the synchrotrons

Increase injection energy in the PSB from 50 to 160 MeV kinetic

Increase injection energy in the PSB 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
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1. INTRODUCTION Descrlptlon (1/2)

Proton flux / Beam power

50 MeV Linac2 :
womey | -inace
A4 ¢ 4?
146V PSB (LP)SPL
L (LP)SPL: (Low Power)
- v Superconducting Proton
|- 20GeV_______ PS PS2 Linac (4-5 GeV)
o 90GeV .. PS2: High Energy PS
o f (~ 510 50 GeV — 0.3 Hz)
= b v SPS+: Superconducting SPS
5| 450 GeV SPS SpSH (50 to1000 GeV)
Ol1Tev 77 SLHC: “Superluminosity” LHC
""""""""""""""""" (up to 10% cm2s-1)
v ¥ i DLHC: “Double energy” LHC
LHC/ (1to ~14 TeV)
7Tev. SLHC DLHC
~14TeV
v TTTTTTTTTTTTTTTTTTe
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1. INTRODUCTION Descrlptlon (2/2)
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1. INTRODUCTION Staqe1 (1/2)

Layout

Beam
characteristics
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LINAC4

3 MeV 50 I\_/IeV 102_MeV 160 _MeV
- - H H NG
352.2 MHz
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%*




1. NTRODUCTION Stage 1 (2/2)
WBS| Task Name 7 2008 2009 2010 2011 2012 2013
Q2[Q3[ a4/ a1[a2[a3[ Q4| a1 a2[Q3[ Q4| Q1[Q2[Q3[ Q4| Q1] Q2 Q3[ Q4| Q1] Q2| Q3[ Q4] Q1] Q2[ Q3| Q4
Linac4 project start 01/01
2 Linac systems —
2 Source and LEBT construction, test| [0
Drawings, material procurement —
2.5 RFQ construction, test
2.« Accelerating structures construction
Klystron prototypying
26. Klystrons construction
2.6 LLRF construction
2. Beam Instrumentation construction
2.8 Transfer line construction
2¢ Magnets construction
2.1( Power converters construction
5 Building and infrastructure
5.7 Building design and construction
5.2,3, Infrastructure installation
3 PS Booster systems
3. PSB injection elements constructior
3. PSB beam dynamics analysis
4 Installation and commissioning
4. Test stand operation (3 + 10 MeV)
4.: Cavities testing, conditioning
Cabling, waveguides installation ||
Accelerator installation
Klystrons, modulators installation
Hardware tests
Front-end commissioning
4.k Linac accelerator commissioning
Transfer line commissioning
PSB modifications
4.¢ PSB commissioning with Linac4
Start physics run with Linac4 § 01/05

R.G.
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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



1. INTRODUGTION: Staqe2(1/4)

LP-SPL

SC-linac (4 GeV)
3 MeV 50 MeV 102 MeV 180 MeV 643 MeV 4 GeV

H-source —RFQ =—chopper—DTL ﬂ-CCDTL *PIMS “

o
Y

352.2 MHz 704.4 MHz
Length: 460 m

LP-SPL beam Kinetic energy (GeV) 4

characteristics Beam power at 4 GeV (MW) 0.16
Rep. period (s) 0.6
Protons/pulse (x 1014 1.5
Average pulse current (mA) 20
Pulse duration (ms) 1.2

R.G.
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1. INTRODUCTION Staqe 2 (2/4)

PS2 main characteristics compared to the present 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) 40x10%| ~1.7x10%
Maximum intensity for fixed target physics (p/p) 1.2 x 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

R.G.
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1. INTRODUCTION Staqe2(3/4)

Construction of LP-SPL and PS2 will not interfere with the regular operation of Linac4 + PSB for physics.
Similarly, beam commissioning of LP-SPL and PS2 will take place without interference with physics.

D [Task Name | Stat | Finish 3007 (2006 (2009 (2010 (2011 (2012 [2013 (2014 [2015 (2016 [2017 [2018
1 SPL + P52 Mon 1708 Mon T3AT : : : : : : : :
2 Design Mon 1703 Wed BHM1

3 SPL Construction Mon 12212 Fri1HME

4 ZPL beam commissioning Mon 615 Fri12i2M6

3 P52 construction hon 17212 Fridrn Mg

E P=2 bean commissioning hon 454016 Fri 120216

7 SPS modification Fri 11416 Fri SISM7

g SPS beam commissioning Mon 51547 Fri GE30M 7

9 Start operation for physics hon FrEAT hon 7rEMT

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
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1. INTRODUCTION Staqe2(4/4)

S¢0¢

=—4=—Normal Ramp
== No phase |l

6000
5000
Integrated
luminosity $ 4000
in LHC... @
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0 - T
S5 O o O 8'\?\8 5 o
8 5 Bk B G oo
/ \
// Linac4 + IR
Early upgrade
operation phase 1
RG. Collimation
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1. INTRODUCTION Staqe 3 (1/2)

SC-linac (5 GeV)
3 MeV 50 MeV 102 MeV 180 MeV 643 MeV 5 GeV
H-source ~ —RFQ —chopper —DTL <CCDTL ==PIMS --..—>
Length: 460 m 352.2 MHz 704.4 MHz
Option 1 Option 2
HP-SPL beam
e Energy (GeV) 250r5 2.5and5
characteristics
Beam power (MW) 3 MW (2.5 GeV) 4 MW (2.5 GeV)
or and
6 MW (5 GeV) 4 MW (5 GeV)
Rep. frequency (Hz) 50 50
Protons/pulse (x 1014 1.5 2(25GeV)+1 (5GeV)
Av. Pulse current (mA) 20 40
Pulse duration (ms) 1.2 0.8 (2.5 GeV) + 0.4 (5 GeV)
R.G.
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1. INTRODUCTION Staqe 3 (2/2)

Additional option initiated in September 2008 (LHeC workshop in
Divonne): use the =1 part of the SPL for multi-pass
acceleration of e+/e- for LHeC...

In any case, any upgrade beyond stage 2 (LP-SPL):

»  will depend upon the approval of major new physics programmes
[Radioactive lon beams (EURISOL-type facility) / Neutrino factory /
LHeC].

will be mostly implemented during a series of ordinary shutdowns
Is unlikely to be in operation before 2020

YV VYV
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2. WORK PLAN OF THE SPL STUDY (1/3)

« Linac4is in construction at the correct location for becoming the SPL
front-end (Beam for physics in 2013)

« Project proposals (TDR + cost estimates) for LP-SPL and PS2 are due for
mid-2011

Main technical issues for the SPL project proposal:

R.G.
11/12/2008

Design optimization (layout, beam loss and collimation...),

Detailed options and modes of operation

Design and test of prototype sc cavities at 704 MHz (25 MV/m @ B=1),
Design and assembly of a full cryomodule (8 cavities),

Design of the high power RF distribution scheme and prototyping of
key components,

Design of architecture and algorithm of operation of the LLRF,
Analysis and documentation of safety and environmental impact,
Preparation of Civil Engineering documents for tender.

14



2. WORK PLAN OF THE SPL STUDY (2/3)

Other technical issues:
« LLRF,
« Beam instrumentation,
. lon source,
Klystron modulator.

Other concerns:
 Implement a 704 MHz high power RF test place with 2 K capability
« Upgrade CERN competences and capabilities in SRF.

R.G.
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2. WORK PLAN OF THE SPL STUDY (3/3)

Recent planning by Civil Engineering shows that time is very short...

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
HAEEINRHREE 213]4 2134 HEENRHEEREREFREERERNRAE 213 213
1 | All SPL and P52 Parameters defined (for integration purposes) “I
2 | Integration studies azsuming sufficient staff numbers for all groups_ g =3l
3 | Integratinn laynit frnzen for rivil engineering funnAls and h||i||'|ing|s=I * _’_AF—“' " ., \
4 | Call for tender for CE Consultancy services — § t\ \R \i‘
5 | CE preliminaries studies and geological investigations — r--’“ i \‘\ . o XL
& | Design CE totally frozen * ‘ \ ! \.\
7 | Emvironmenta impact study mnmw ™ \ \ \ \ L\ \
& | Preparation of CE tender drawings and cost estimate % 1\ i“ Etl‘ 1 \
9 | cost Estimate for TDR 1Tk "\ﬁ* L \ \ "1’ \ \ P \
10 | call for tender for CE works { A "-.iﬁ‘ NEBEERE \ | S LTI\
11 | Civil Engineering works - underground ‘. \_ -\ : - - - A k‘ )
12 | Civil Engineering works - surface Al ]} \ | | = = \ "el A
13 | Handling and lifting equip ement \ \‘. \ \ ‘\ N \ % \
14 | cooling ventilation \ y \ | [\ \ ™~ ™ ‘ H \
15 | Electrical works \ N TN R T U [ et
16 | Access system and fire detection AT \ “11 TN i H
17 | Delivery of the infrastructure and equipment \ \ J | 1‘ \ \ _:;‘*” *
18 | SPL and P52 machine installation \"._ i \ K mmw
19 | SPL and PS2 commisionning i %
20 | Start operation for physics |- »-"! *

R.G.
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Motca Tha 2 yoars botwoon the firat itcm, "all paramctors defined", and the stoding of the CE Waoarles is cxtremcly challcnging
The planning for EL, CV, HE, ... wiorks needs to he approved by various TS corresponding Groups
The planning for items 19 to 20 results from preliminary discussionswith . Garoby and F. Gerigk
Except new FTE, the first financial commitrmernt for either project will be item 5 (~ 1 MCHF). Wewil try to present the financial commitrrent planning before end 2008

11/12/2008
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3.

COLLABORATION MEETING Goals

First meeting of the SPL Collaboration on December 11-12, 2008 at CERN
http://indico.cern.ch/conferenceDisplay.py?confld=44821

Remark: H- ion source, modulators and beam instrumentation are deliberately not
on the agenda of this meeting.

MEETING GOALS:

- to review specifications and technical choices + to set deadlines for decision on
pending questions,

- to define the precise contribution of each partner (deliverables and planning) and the
interactions between partners (names of persons in charge, exchange of
information/hardware, planning of meetings, ...),

- to propose how to demonstrate 25 MV/m (B=1) and 19 MV/m (B=0.65) before mid-2011
- to list untreated subjects and collect suggestions for addressing them,

- to organize the collaboration (Constitution?),

- to define the dates of the main meetings until end of 20009.

R.G.
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3. COLLABORATION MEETING . Orqanlzatlon (1 /5)

WORKING GROUPS:

The mandate of the working groups is to fulfill the meeting goals on a subset of
subjects.

WG 1: High power RF equipment (RF distribution, amplitude/phase modulators,
circulators, loads...)

WG 2: Cavity design (Geometric beta, high power coupler, HOM
damper/coupler, tuner...) and construction (Manufacturers, processing facilities,
low power RF tests...)

WG 3: Cryomodule and integration (Design, construction, assembly...)

WG 4: Beam dynamics and loss management (Collective effects, H- stripping,
collimation...)

R.G.
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3. COLLABORATION MEETING: Organization (2/5)

Thursday, 11 December 2008

Plenary session 1: introduction
Conveners: Rola y
(AT Auditorium: D3:01
Coffee break
{AT Auditorium: 10:00 - 10:20)
Plenary session 2: planned contributions to the SPL
Con : Frank Gerigh

=1 Setting the scene L

um: 10:20 - 12:30)

Analysis & discussion (1)

11:00 (AT Audit
12:00
Lunch
13:00 foo12:30 - 14:000
Work ession 1 {with wG 4 rl

Coffee break

Working Group 1 - Session 2

Working Group 2 - Session 2

Collaboration dinner

taursnt 2 - DSR - Bidg 504:

0 - 21:30)

Friday, 12 December 2008

Plenary session 3: discussion
Conv Roland Garoby (CERN)

ak
(AT Auditarium: 09130 - 9430)
Interactions between Working Groups

Working Group 2 - Se

Warking Gr

|
n
W

L

Lunch

(-3 42730 - 14:00

Summarizing

14:0) i T iR Al b nf i Writa_un of rorammandatinne of Afeite-tin of
14:00 ¥ & recommandations of Werking Write up of v & rec fons of Working Write-up of v &

; & recommandat

ite- & reco io Lei i ¥ o i i of Y B FELLTT af rking
Group 1 Group 2 Group 3 Group 4
G0 $4:00 - 15451 AT 1410 1 11 5341 14100 - 15:45] TER-B-023) 14:00 -

Coffee break
(AT Auditariumi: 5= 16t

Plenary

RG. '
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3. COLLABORATION MEETING: Organization (3/5)

Plenary session 2: planned contributions to the SPL

Place: CEAN

(i) )

room: AT Auditorium

Thursday 11 December 2008 10:20
Conveners: Gerigkll Frank

Dates:

Contribution List|Time Table |

10:00

[
[
=]
=]

1200

Thursday, 11 December 2008

[15] CEA (saclay) plans
by Stephane CHEL {Centre d'Etudes de Saclay [CEA-Saclay))
(AT Auditoriumi 10:20 - 10:40)

[16] IN2P3 (Orsay) plans
by Pats«i DUTHIL (IPNG - INZP3 - CNRS)
(AT Auditoriumi 10:40 - 11:00)

[17] TRIUMF plans
by Robert LAXDAL; Rick BAARTMAN
{AT Auditorium: 11:00 - 11:20)

[19] Cockcroft Institute plans
by Amas DEXTER
{AT Auditorium: 11:20 - 11:40)

[20] Stony Brook / BML plans
by Rama Buchi Rap CALAGA; Ilan BEN-ZVI
{AT Auditorium: 11:40 - 12:00])

[21] Explanation/Discussion on the mandates of the working groups
by Roland GAROBY
{AT Auditorium't 12:00 - 12:30]

El slides

R.G.
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3. COLLABORATION MEETING: Orqanlzatlon (4/5)

Plenary session 3: discussion

Place: CEAN
room: AT Auditorium
Dates: Friday 12 December 2008 08:30

Conveners: Garoby, Roland

Contribution List|Time Tahlel

08:00

09:00

Friday, 12 December 2008

[22] Organisation of the collaboration (with discussion}
by Roland GAROBY
(AT Auditorium: 08:30 - 09:00)

2471 Preliminary feedback from the Working Groups
(AT Auditorium: 09:00 - 09:30)

R.G.
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3. COLLABORATION MEETING: Organization (5/5)

Plenary session 4: summaries and recommendations
Place: CERN

Room: AT Auditorium

Friday 12 December 2008 15:00

Conveners: garoby, Roland

Dates:

Contribution List | Time Table |

Friday, 12 December 2008
16:00 [25] Summary & recommendations - Working Group 1
by Edmond CIAPALA {CERN): Amos DEXTER
(AT Auditorium: 16:00 - 16:20)

271 Summary & recommendations - Working Group 2
by Stephane CHEL (Centre d'Etudes de Saclay (CEA-Saclayl); Wolfgang WEINGARTEN [CERN]

(AT Auditorium: 16:20 - 16:40)

28] Summary & recommendations - Working Group 3

by Patxj DUTHIL {IPNO - IN2P3 - CNRS); Vittorio PARMA [CERN)
[AT Auditorium: 16:40 - 17:00)
17:00

[29] Summary & recommendations - Working Group 4
by Rick EAARTMAN; Frank GERIGK
[AT Auditorium: 17:00 - 17:20)

[30] Summary on organisation and planning of the collaboration
by Roland GARCBY
[AT Auditorium: 17:20 - 18:00)

R.G.
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MAIN REFERENCES IN 2008

1. Site Layout of the Proposed New Hadrons’ Injector Chain at CERN,
CERN-AB-2008-061 PAF
https://edms.cern.ch/file/964560/1/CERN-AB-2008-061 PAF.pdf

2. Upgrade issues for the CERN accelerator complex,
CERN-LHC-PROJECT-Report-1110,
http://cdsweb.cern.ch/record/11236767In=en

3. Feasibility Study of Accumulator and Compressor for the 6-bunches
SPL based Proton Driver, CERN-AB-2008-060,

http://cdsweb.cern.ch/record/1125556/files/ CERN-AB-2008-060.pdf
4. Assessment of the basic Parameters of the CERN SPL,

CERN-AB-2008-067-BI-RF,

http://cdsweb.cern.ch/record/1136901/files/ CERN-AB-2008-067.pdf
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