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Linac4 layout and motivations lJJ

Bunch Frequency 352.2 MHz
New 160 MeV H- linear accelerator to qu- Eep. FLe‘I’l”erCY . g 5 Hz
. o o ax. beam Pulse Lengt c ms
rc.aplace Linac2 as injector to fhe.P.S Booster. Max. Beam Duty Cycle  0.08 o
First step of the upgrade of the injectors for Chopper Beam-on Factor 65 %
the LHC Luminosity Upgrade. Chopping scheme: 222 transmitted /133 empty buckets
approved in June 2007, started January 1%, 2008. Source current 80 mA

RFQ output current 70 mA
Linac pulse current 40 mA
Tr. emittance (source) 0.25 T mm mrad

Tr. emittance (linac exir) 0.4 T mm mred
Max. repetition frequency for accelerating structures 50 Hz

. Make possible an
7 beyond nominal, by reducing space charge at
Tk PSB injection (factor 2 in By? and brightness going
from 50 to 160 MeV).
| G WA . More than Linac2
=rnn s s ! \ = (worries for long-term operation of Linac?2 ).

LA 4 - and reduced loss with new

Trdnsf;; line

‘ NN e technologies (chopping, H- injection).
BN ; . Present 50 MeV for non-LHC users.
‘ \ N Linac2 = . Preparefora possible

=1

s o (neutrino facility).




Where do we stand now (11.11)2 LJJJ

WBS(Res) node : LINAC4 (Linac4 Project)

wﬂ-rkn:milstalus:|PIann|_3d.Af:ﬁve.Complete\_3J Include LOE EVM extraction, 22.11.11
Baseline : |Basel|n93.16May2{]11 \_EJ
Resource Type : |MEtBIiE| @
40MCHF earned value (=actual cost)
LINACA - Linac4 Project - WBS(Res) : QOMCHEF total value.
PV W EV N AC AC Wlth Q H
: & 45% of the project value achieved
/ commitments
100000k //
AL Committed 23 MCHF
o // ®70% of the project value achieved
. 0 or committed.
- /7 Good correspondence actual
f,gf cost /earned value, few months delay
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- Electrical distribution, cable trays, piping
- Waveguides
- Faraday cage for electronics

Next steps:
Cabling campaigns
- False floor Infrastructure completed by June 2012




Milestones of baseline 3 lJJJ

Linac4 installation & commissioning

S’rart of Lmzqc4BecrnCemmissiommgo—160MTV*feb14

J.Coupard 20/10/2011



General Services lJJJ

mratiun

2011 ey

Oct | Nov | Dec

Jan [Feb | mar | Apr [May [Jun | Jul | Aug [ Sep | Oct [Mov | Dec | Jan | Feb [ mar | Apr [May | Jun | Jul | Aug | Sep | Oct [MNov

1day?
.4 Maons?
1 7.5 mons
6.9 mMaons:
o days
125 MONs

1 1mon
3,35 mons
3 mons

3 mons
1mon

1 mon

3 days

2 whs
1wk

12.4 Monsd
1 745 mons?
185 days?
.75 mons?
127 days?
_8.1::5 mons?
10.4 Mons?
5 whs

g whks

32 whs
3wks

1.45 Mons?

TN 21. TTHOTHS:

ng and Ventilation

of11 4 Start of Installation

18/03
11/o3

o7fo3

&= Cooling pipes installation - services shaft
14/02 o Cooling pipes installation - surface

18/o4

P 20007 | Jul-12

Electrical Distribution - main mechanical part

15006 < Start of Cabling Campaign
Cable campaigns
=== @ Cable pulling - Ethernet
2107 iy Cable pulling - campaign 1 (BHocal, Vac, GSM, safety)

Eza}hu,# Cable pulling - campaign z (DC, D, Ctrl, RP, Bl-faraday)
002 ey (“able pulling - campaign 3 (RF cables)
=== e Cable pulling - campaign 4 (3 MeV - RI
=25/06 g Local cable pulling
+ 30jos § Crilling on the floor
=04/06 @ Installation of the feets (DTL, CC
& 18/o6 § Pre-alignment of the supports

21h12

Wentilation systems - racks and technical rooms
"u"entlilatiu:u n systems - Klystrons gallery
Ventilation systems - Acces module
Ventilation systems - Faraday cage

Vl'enti lation systems - Tunnelftransfert line
E’.u:u:uling pipes installation - Chilled water

Cooling pipes installation - underground
|
@@ Cooling pipes test

e G Schielding

J.Coupard 20/10/2011



=== Progress
e General services
e Commissioning

@ Ma chine
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Linac4 layout

U

Normal-conducting linear accelerator, made of:
1. Pre-injector (source, magnetic LEBT, 3 MeV RFQ, chopper line)

2. Three types of accelerating structures, all at 352 MHz (standardization of components).
3. Beam dump at linac end, switching magnet towards transfer line to PSB.

¢~ No superconductivity (not economically justified
in this range of 3 and duty cycles);

¥~ Single RF frequency 352 MHz (no sections at
704 MHz, standardised RF allows considerable cost DTL
savings) ;

¥~ High efficiency, high reliability, flexible S

operation — 3 types of accelerating structures, PIMS
combination of PMQ and EMQ focusing.

Energy RF Power
[MeV] [MW]

0.045 - 3

3-50 19 5 112 PMQs

50 -102 25 7 14 PMQs, 7 EMQs
102 -160 22 6 12 EMQs




.Linc:c4 — Low energy test stand lJJ

for
early characterization of low-
energy section; will be moved
to Linac4 in 2013

“¥"Ton source and LEBT
completed and under
test;

““"RFQ in construction;

¥~ Chopping line
completed, tested
without beam;

&~ LEP klystron and
modulator installed
and tested.

& Complete beam
diagnostics line being
assembled.

Beam tests with RFQ
from beginning 2012




First beam measurements lJJJ

= background RFQ acceptance
== Phase Space x-x‘ and y-y* Colour Measured emittance
% % % ' g3mm Drift . 30 mA proton beam
T - + mm Dri - ¥wad) [——
@ = pA " .
o , ; |
o LB T .
e L | J2S ]
i [ ] = % & [ M Solenoid _Q
N jig Faraday Cup = =
ﬁ— D[ f Pre Chopper -
‘L L = SEM-Grid - «]
lllllll o e T reer ] L BCT
SR, - Slit ] R

10 [ 1
X =, 115 0 X Ta =203.565 fwsd

First measurement campaign completed
(A. Lombardi and her team):

- Characterization of beam out of the source
- Understanding the behavior of the LEBT
- Matching the beam to the RFQ input




Problems with the H- source lJJ

» 2005: decision to build an RF Volume source based on the DESY design:

- no resources for an internal development;

- DESY source had high reliability (external antenna, Cesium-free);

- higher extraction voltage + improvements to RF generator and matching to achieve
higher current: 45 kV, 100 kw for 80 mA (DESY: 35 kV, 30 kW, 30 mA).

» June 2009: source started in the “3 MeV test stand”. Extensive measurements at 35 kV.

» From May 2010: increase extraction to 45 kV but severe sparking forbids operation.

Reason: intense electron beam co-extracted with the H- melts the e~ dump (up to >200 kW
instantaneous power in e- beam!). Vaporization (and destruction) of the dump induces sparking.

DESY had less electrons (with less voltage) and more H-. A “chemical’ reason?

e —

e-current [A]

e-/ H- current ratic@l 001)
6

0 40

H- current mA

60

80

-

e T T

extraction electrode

DESY source now converted to protons and
for commissioning of the 3 MeV test stand
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New source program lJJJ

WPIS H- lon source: staged approach, 2 units each + spare

_ #1 Volume source | #2 Surface source #3 Magnetron

Operational experience DESY SNS BNL ?
H™ current 30 mA —> 50 mA —> 80 mA
. 2 MHz RF 2 MHz RF .

Plasma Heating process Ext. antenna "t 2 Ext. antenna Arc discharge
Cesiati Cs-chromate Cs metal

esiation Single deposition: Constant flow
Cs-Oven test stand Nov. 2011 Nov. 2011 2 test stands,
Electron / H ratio 10-100 10 0.5-1 B.357:ion
357 Plasma test stand source
e — Sept. 2012 2014-2015 (+LEBT,
3MeV test stand (until Dec-2012) Jul. 2012- Dec- diagnostics)
(operational, Bldg. 152) 2012

B.152:RFQ

IS test stand (Bldg. 357) 2014 and chopper
Linac4, building 400 Jan 2012 2015 testing

1. Extend and improve the source test stand in Bld. 352 (ex-SPL source test stand).

2. Build quickly an improved RF volume source for 3 MeV and L4 commissioning.

3. Build and optimize a Cesiated RF source for L4 2nd part of commissioning and operation.
4. Study (and build) a magnetron-type source to go to high currents — if needed.




Status of the new ion source lJJJ

New RF volume source for 3 MeV test stand and initial Linac4 commissioning
(no Cesium, improved design and electron extraction to avoid melting of the dump)
design completed, construction started

# June-August 2012: Installation at
the 3MeV test stand of a volume
source (sub nominal H- current)

» Commissioning and test of the 2@

lon Source (spare+R&D) on the IS-

test stand (357)

IS support and
Alignment

IS Pumping unit




module #3

L4 The Linac4 RFQ LJ

Energy 3 MeV, length 3m, 3 section of 1 m each.

Brazed 4-vane design with simplified shape and
cooling, for max. duty cycle 10%.

Construction entirely done at CERN: machining,
metrology, brazing (horizontal). CEA (F)
contribution for RF design and measurements.

Status: Modules #1 and #2 completed, Module #3
failed the 2nd and last brazing, being redone next
week.

Programme: RF tests and conditioning beginning
2012, beam tests with protons March/June 2012.

module #1



Chopper line lJJ

Length 3.6 m

Already completed, installed in
the test stand and tested without
beam.

Chopper: 2 meander-line
structures on ceramic substrate.

2.84 ns

PSB injection scheme (with energy ramping)



3 MeV Test stand programme lJJJ

Official schedule

April May June July August Septemb. |October |NovembernDecember

RFQ beam commissioning (protons)

Installation of new ion source

LEBT beam commissioning (H-)

RFQ beam commissioning (H-)

Chopper line beam commissioning

Emergency backup schedule (in case of delays with the ion source):

April May June July August Septemb. |October |November December

RFQ beam commissioning (protons)

Chopper line commissioning (proton)

Installation of new ion source

LEBT beam commissioning (H-)

RFQ beam commissioning (H-)

Chopper line commissioning (H-)

Would delay the start of H- tests aimed at addressing potential risks with the new particles

C. Rossi responsible
for 3 MeV Test Stand



Linac4 DTL

[] Pre-series tank and girder segments supplied by industry.

[J Tank Segment T1S1 final machined with high quality from
CADINOX

[] Girder Segments T1S1 and T1S2
pre-machined from two companies

[1 Girder T1S1 final machining at CERN
High quality drift tube parts from DMP

[1 Assembly of drift tubes at CERN:
O E-beam Welding

O Re-machining

O

O Metrology

Testing




Linac4 CCDTL

[J Construction at VNIITF (Snezhinsk) and BINP
(Novosibirsk) in Russiq,

[1 3 out of 7 modules are produced,

[J Module 2 has been qualified by CERN team in
Novosibirsk (5-11 Nov 2011).




Linac4 — Pi-Mode Structure

e Tank #1 (pre-series) completed and RF conditioned
to 1.25 times the design voltage.

e Construction in collaboration with Soltan Institute
(Warsaw) and FZ Julich.

e EB welding at Julich qualified, actual production
started. Visit to Poland in December.

| Struciure used for the first time in a proton accelerator! \

U




Complex RF system
Combination of LEP

RF system

klystrons (1.1-1.3 MW)
and new pulsed klystrons

(2.8 MW) with splitting to
2 cavities.

8 new klystrons ordered
(4 from Thales and 4
from CPI)

Plaques de blindage
supérjeures

Premiére ébauche a
ne pas considérer

1stThales Klystron

Focalisateur intégré
Vélizy (Sept 11)

Berceau et
blindage a
Vélizy (Sept 11)

Collecteur
(Aout 2011)

N
old LEP Kklystrons

to be replaced with new klystrons
after some years of operation

Klystron test stands ready

Prototype klystrons to be delivered for
tests beginning of 2011

Testing of LEP klystrons in pulsed mode

in progress — some problemsin going
>1.1 MW, to be checked.




Beam Interlock System

@/‘E Chop JRI\/AYey:!

g Disable
- - ramping of
rce j PSB RF
Master

BIC

Source HV
Fre-chopper

L4 Baamstopper On|

L4 Beamstopper In
Chopper

L4 Low-Enargy WD

No Inhitit {Operatol

L4 Tr.(2)
Master

L4 Tr.(1)
Master

Destination LBE
Destingtion LBS
Destinafion PSB

Destination L4DUMP

Destination LADUMP

Simplified layout

Version 2)

L4T Beamstopper Oul|
L4 WD afer BHZ20 (Hy

|L4 WO afier BHZ20 (K

LINACA4

B. Mikulec, B. Puccio, J.L. Sanchez

PSB

e
|

JECTIO
Master

12

PSB
Master

Destination PSB Dum|
Destination ISOGPS
Destination ISOHRS

|
PSB
Injection
BIC
11

Destination PS

BLMs in B1 e (nigh 1o

Bl Beamstoppers Out

Distributor

Bl KSW

| Wection Foi Satus

PSB

"--
I pSrj gl{notyet
piC :defined)

U

A low-energy
beam (160 MeV)
presents some
dangers,
because an
accidental beam
lossin a critical
positioncan
make a hole in
the vacuum
chamber

3

Machine
protection
requires a
sophisticated
Beam Interlock
System,
integrating Linac
and PSB




Beam instrumentation lJJ

Faraday Cup 2 LEBT 45 KeV only scope
Emi 11/2 LEBT, MEBT 45 KeV . . . .
Emitance e 12 MoV - impressive list of equipment!
BPMs 31 MEBT- Booster ~ 3MeV —160 MeV  Pos, intensity - some new designs, to fit in the
L2-Booster transfer Phase .

SEMGrids 18 LEBT — Booster 45 KeV - 160 MeV Short avallable Space
Transformers 16 LEBT- Booster  45KeV — 160 MeV - International review on 18-19.11
BSM 1 MEBT - PIMS 3MeV -160 MeV  Russian coll - doubts on the use of SEMgrids
Halo Monitor 1 MEBT 3 MeV M. Hori i 1

AL for H- (stripped e- from adjacent
Wire Scanners 6 MEBT, CCDTL, 3 MeV - 160 MeV W”‘ES) >1O MeV

PIMS

BLMs 26 MEBT - Booster 3 MeV - 160 MeV Positions to be

confirmed
Laser Wire 1 MEBT - Booster 3 MeV - 160 MeV e S
tests : 1Sem 2 WBS 2 WBS 1 Sem/WBS
Emittance 2 L4Z, LBE 160 MeV LI n a C 4

meter at 160

MeV Layout and specs

e | L4L ~12m | L4D *\\%m ‘ L4(§l~22 m L4d'~14
> MEBT
DN63 H-
= ‘ e LEBT u Rth u (choP r DTL CCDTL PIMS
Stepping oo = / —— ] — -
motor 45 keV | 3 MeV 50 MeV 102 MeV
Wire
support
Linear
Drive
Travel-cepmniotes 1Sem 1Sem 2> WBS

3 Sem



Linac4 commissioning schedule lJJJ

[Task Name

2013 |
Januaryzm},#ebruaryzmﬁ March2013 | April2013 \ May 2013 | June2013 | July2013 |August2m3 kptemberzo{@ctober2013||ovember2mbecember2mj)anuary2014Tebruaryzma{March2014| April 2014 \
12 3[4]506[7[8][9l0n 213 14|15\16\17|18|19\20\21\22\23|24|25\26 27128[29/30 31 3233134135 36 37138130l4014142 43144 45146 a7laBlaglsols1 5211 23 4[5 16178 |g o1 213 1al15 16]17 18]

Linac 4 - Machine
L4L (3 MeV) '

ot Standoperan | & SdorTsatsemdesraon Start of beam commissioning (3MeV): May 2013
source H-installation &= source H-installation J

LEBT nstalation G LEBTinsallaton End of beam commissioning (160 MeV): April 2014
RFQ installation

=== RFQinstallation
MEBT installation &=, MEBT installation
Hardware Test Hardware Te=st
Beam commissioning - 3 MeV Beam commissioning - 3 MeV
L4D (50 MeV)
DTL tanks 3 installation (V
DTL tank 1 installation
Hardware Test
Beam commissioning
DTL tanks 2 installation
intertanks1-2 & 2-3 installation
Hardware Test
Beam commissioning - 50 MeV
L4C (102MeV)
CCDTL 37 installation > CCDTL3-7 installation
CCDTL 1-2 installation
Hardware Test
Beam commissioning - 102 MeV
L4P (160 MeV)
PIMS 4-12 installation > PIMS 4-12 installation
PIMS 13 installation
Hardware Test
L4z
Main dump
MAQF installation
Bl installation (BTVx3, BCT)

Beam commissioning Linac4 - 160 Mg

ersion November 2010)
[ DTLtanklinstaIIa;tion

@@ Hardware Test:

Be:am commissioning
= DTL tanks 2 installation
& intertanks 1-2 & 23 installation

===y Hardware ':I'est
W Beam commissioning - 50 MeV

— 2}

e CCDTL1-2installation
&= Hardware Test

Beam c issioning - 102 MeV

&= PIMS 13 installation
&=== Hardware Test

o L4z

r=  Main durr{p

= MQF instaillation
& Blinstallation (BTVx3, BCT)

Beam c

5 commissioning stages: ~ A — > D
(on intermediate dumps) 3MeV 10MeV 50MeV 100 MeV 160 MeV

Connection to the PSB during along (min. 7 months) LHC shut down after 2014.



Linac4 Plans 2013/2014

2013

2014

2015

5

6 7] 8| 9/10|11

12

Reliability run

Linac4 Ready for connection means:

1

Linac4 ready for
connectionto PSB
(H- 160 MeV or
protons 50 MeV)

1. Transfer line up to Linac2 wall installed;
2. Equipmentfor connection to LT.BHZ20 ready

U



Connection options JJ

Connect to the PSB during an intermediate length shut-down
(2015/16 or 2016/17) — READY IN 2015

tionl

Op 0 a 4-5 month shutdown for upgrading the pixel detector has been asked by
CMS for 15/16 or 16/17. We need 7 months for the connection, and if we
start during the end-of-year ion run the time should be sufficient.
In case of problems with Linac2 connect Linac4 to produce

Option2 50 MeV protons — READY AT END 2014

degraded PSB performance because of lower peak current, no need to
modify LBE/LBS or the LT/LTB lines, minimum additional shielding in Linac2
area. Need to prepare Linac4 transfer line and proton source or stripping.

(2014)

_ Connect to the PSB during LS2 (2018 or 20192)
Option3 — after reliability run, keep the machine ready
for connection from end 2015.

_ Depending on the physics results, there is still a (minor)
Option4 | possibility that LST will move (by one year?). In this case, one
could connect eg. in 2015.



M_ Present baseline lJJJ

From minutes of LMC 112, 26.10.11.

Steve Myers answered that there would be a decision on this point
(possible connection of Linac4 to the booster) at Chamonix 2012, but that at
present the work should continue according to the baseline schedule.

Present baseline schedule:

- Commissioning of Linac4 in 2014,

- Ready to send 50 MeV protons in emergency from 2" half 2014;
- Ready to connect to PSB in 2015.

Main actions for PSB connection, from the Linac4 side:
a) install new LBE/LBS measurement lines

b) improve shielding in Linac2 area
c) install new connection magnet (BHZ20)






