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The LHC injector chain
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Why an injector upgrade?

. The nominal luminosity can be
reached with the current injector chain but the ultimate
luminosity needs higher brightness, which cannot be
achieved with the current chain.

. Linac-2, Booster and PS are old machines which
had problems in the past. Vacuum leaks, radiation
damage on the PS magnets etc.

Nominal 1 x 103*cm=2 s 1.15 x 10" ppb
Ultimate 2.5 x 1034 cm-2s1 1.7 x 10" ppb
Ditanet Workshop Paris Uli Raich for the CERN BE/BI 4
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A new injector chain for the LHC
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First phase of injector upgrade: Linac-4

PS Booster
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Current State
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lon Species

Output Energy

Bunch Frequency

Max. Repetition Rate
Max. Pulse length
Max. Beam Duty Cycle
Beam Chopping Factor
Chopping scheme
Source current

RFQ output current
No. of particle per pulse

Transverse emittance

Ditanet Workshop Paris
2011

3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS

A
A 4

352.2 MHz
Linac-4 parameters
H-
160 MeV
352.2 MHz
2 Hz
1.2 ms
0.24 %
62 %
222 transmitted, 133 empty buckets
80 mA
70 mA
1014
0.4 T mm mrad
Uli Raich for the CERN BE/BI 8
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Linac-4 Layout

18 klystrons

0.1% phase 1 (Linac4) RFQ, DTL, CCDTL, PIMS
3-4% phase 2 (SPL) (RFQ BTL. : i

(design: 10%)

95keV 3MeV 3MeV 50MeV 94MeV 160MeV
| |
H- [ RFQ CHOPPER DTL | CCDTL | PIMS
RF Radio Chopper Drift Tube || Cell-Coupled Pi-Mode
volume | Frequency Linac Drift Tube Structure
source | Quadrupole | 352 MHz Linac
(DESY) | (IPHI) 3.6 m 352 MHz || 352 MHz 352 MHz
35 kV 352 MHz 11 EMquad | 18.7 m 25 m 22 m
Extrac. | 6 m 3 cavities | 3 tanks 21 tanks 12 tanks
+60kV | 1 Klystron 3 klystrons || 7 klystrons 8 klystrons
Postacc. | 1 MW 4 MW 6.5 MW ~12 MW
111 PMQs 21 EMQuads 12 EMQuads
Total Linac4: .
88 ::\ nae RF Duty cycle: 4 different structures,

Ton current: 40 mA (avg.
in pulse), 65 mA (bunch)

Ditanet Workshop Paris
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Slide by M. Vretenar
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352.2 MHz

Layout of the Linac

RF BOm
E[?/Ieer\?]y Le[':r?]th power Focusing
[MW]
RFQ 0.045 -3 3 0.6 RF focusing
DTL 3-50 19 5 112 perm. quads
CCDTL 50 - 102 25 7 21 EM quads
PIMS 102 - 160 22 6 12 EM quads
Ditanet Workshop Paris Uli Raich for the CERN BE/BI 10
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Parameters to be measured

Intensity at different energies (connected to interlock system)
Beam trajectory and energy (phase)

Beam profile

Energy spread, will be measured at low energy up to 3 MeV only
Transverse emittance at 45 keV, 3 Mev, 12 MeV, 160 MeV
Chopping efficiency

Bunch shape

Beam loss (connected to interlock system)
max. beam loss: 1 W/m
not more than 1 full beam pulse may be lost

Diagnostics for charge exchange injection into the Booster

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 11
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Source and LEBT

ML mwlgh ._.,_”

»
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Faraday Cup

Source intensity measured by a retractable Faraday
Cup

Secondary electron emission will be suppressed by
polarization voltage which also eliminates parasitic
electrons created in the source (HV installation to be
done)

Pneumatic in/out mechanism on PLC like LEIR is
available

Oscilloscope will be used for signal observation

For final operation a 1 MHz sampling ADC is
foreseen

Uli Raich for the CERN BE/BI 13
team
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SEMGrids for Profile Meas.

 SEMGrid resolution: up to 0.5mm,
up to 36 wires

* New analogue electronics for 36
under design

 Needs time resolved
measurements (200 kHz)

 New VME readout card has been
developed (36 channels), series of
50 cards have been produced

* In/out mechanism by motor with
PLC control

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 14
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352.2 MHz

Transverse Emittance Measurement

Slit and grid phase space scanner

L-shaped 0.1mm slit moves under
45 degrees

Slit and grids move independently
Positioning precision: 50 ym
Movement PLC controlled

Slit and grids mounted in
2 independent vacuum boxes which
can be separated

Horizontal and vertical SEMGrid

» wire distance .75 mm

* 40 signal wires

 readout with home built 36 channel
250 kHz ADC

» time resolved profiles

. _ o Faraday Cup
Ditanet Workshop Paris Uli Raich for the CERN BE/BI 15
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Emittance Evaluation

File View
Emittance Plot :/user/indoplemittance_data/ES_2011_3_31_16_19_58_V_600_325.cfv Emittance Plot -
Entries 8100 Integration Limits
N Meanx 3.453| | v 20 3
,,,,,,,,,, Meany 7.087 | | Mo ZE=
_______ - '_,_,-""‘ N N\ RMS x 3.073 Measurement No |1 33
----------------- s _’__,-"""-‘ N ‘\:“\ RMS y 19.7 V' Average over all measurements

____________________________ I™ Subtract signal offset

Draw Options

""""""""""" SURF2
. SURF3
CONT1
CONT2
CONT3
CONT4
LEGO1
LEGO2 =l

Axes Limits

X 3' 3
WElI_El

I 0.8
ZOOM BACK

Save Image
Flle Path and Name (can be edited)

I/u ser/bipmop/PLOTS/emplot.png

Possible ext: jpg,png tiffeps, pdf

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 16
2011 team



Histogram of signal levels

Background for each slit
Position

Emittance Plot
Emittance when taking less

and less channels around
peak

Ditanet Workshop Paris
2011

3 MeV
H-source RFQ chopper

50 MeV 102 MeV 160 MeV
DTL CCDTL PIMS

A

352.2 MHz

Pseudo Scubexx evaluation

OO0 0

SignalHIsto

X! Profile

$D' a2

A 4

— Integration Limits

high |2o 3
low |75 3:
Measurement No I 1 3:
Threshold Im 3

v Average over all measurements

V' subtract background

ALY LA A LA b ) LS LA

Uli Raich for the CERN BE/BI
team

—Results |
H™ energy |45.00 a:
emittance 0.25 )
alpha |-25.24 3:
beta |4.45 jﬁ
gamma I 143.47 3

]
Ok
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Source Test Stand — Measurements Examples

Profile Measurement with Slit and Faraday Cup

——ES_2011_5_19_14_21_52_H_Profile_600-0-0000.csv
ES_2011_5_19_14_49_50_H_Profile_600-0-1000.csv
400 ~ —— ES_2011_5_19_15_46_16_H_Profile_600-0--1000.csv
1 ES_2011_4_5_11_6_47_H_profile_600_0_steerer_0_0.csv
350 ES_2011_4_5_13_52_18_H_profile_600_0_steerer_0_1.csv
4 ES_2011_4 5 13 _3 21 _H_profile_600_0_steerer_0_2.csv
300 A _
. Solenoid1 600A
250 Solenoid2 000A
S ]
. 200
? 150 |
k=) ]
& ]
100
50 |
04
-50 T T T T

Horizontal

Ditanet Workshop Paris
2011

Position [mm]

Emittance-meter
measurement after 1st
solenoid

Mean x

RMS x
100 RMS y

-30 -20 -10 0 10 20 30

Uli Raich for the CERN BE/BI
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-2.533
Meany 6.166

14.77
50.7
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RFQ + 3 MeV
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3 MeV Measurement line for commissioning only

/ Steel proflles
\ / for Cable trays

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 20
2011 team



3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
352.2 MHz
3 MeV measurement bench
3 MeV 3 MeV
Laboratory test
""" RFQ =1 » stand (from Jan * @
2012)
. Linac 4 Tunnel + +
| 3 2
(from 2013) @
Sliﬂt‘ Bc‘ﬂm %M B{EM Sp}nctarﬁr:ter SEM Dump

Halo
monitor

End of structure or
matching section

Commissioning scenario

Quadrupoles / -

Pulse length 50-100us

Rep rate 1Hz

Max beam current 65mA

| Average beam current (after chopping) | 40 mA |

Beam energy 3MeV (RFQ, MEBT), 12 MeV (Tankl) Dume

Beam emittances at structure RFQ 0.3 mm mrad —

output planes (RMS norm) MEBT 0.3 mm mrad
DTL tank1 0.3 mm mrad

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 21
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Slit at 12 MeV

oyt

Mechanical problems due to heating See B. Ch I's talk
ee B. Cheymol's ta

Slit material: carbon on copper

Water cooled

4
Al

2l

TR
=i

Slit material inclined to distribute
thermal load over a bigger
surface.
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Chopper

 Losses at 160 MeV must be
minimized
« Chopper eliminates unstable beam

and during rise of the Booster
distributor

« Chopped beam is injected into the
RF buckets of the Booster o™

« Correct functioning of the chopper
must be monitored

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 23
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Longitudinal Painting for maximum Brightness
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Basic idea:
— Saw-tooth shape energy offset (w.r.t PSB synch energy) variations of Linac4 beam
— Switch beam on and off if it is inside bucket (with margin)
— Inject into waiting accelerating bucket !!

* Longitudinal painting is baseline to fully profit from the increased PSB injection energy
24 Ditanet Workshop Paris
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“chopping”

removing microbunches (150/352) to adapt the 352MHz linac bunches to the 1
MHz booster frequency

Match to the
DTL
Chop
Match from — B —
the RFQ ] |

y-yp at the dump output

100% (of the beam) - rms emittances vs lenght

0.155
0.15
.
N Bt
{ ik« N Yul P
™3.00E:07 == * & T .Q ] 0.14 i
v 'F nve?¥ amed g *¢
s empom oS PIVIN 0435
a4
2508 013

meters

Emittance increase 20-30%
E/BI

25




3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
352.2 MHz

Halo Monitor

—

Vacuum chamber

M
Carbon target foil 10 cm

Acceleration grid A Retraction mechanism

Permanent ring magnet

3-MeV H™ ion beam

—

Secondary electrons

Permanent ring magnet

Phosphor screen
Acceleration grids B-E
Fiber optic conduit F

RF coaxial line 500 V
Fiber optic conduit G

RF coaxial line 5 kV

Type-HN coaxial feedthroughs

Thermoelectrically cooled CCD

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 26
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A

352.2 MHz

Functioning of Halo Monitor

Gate off, 0.8 kV (foil 0.8 KV)
electrons re-absorbed

Initial acceleration:
Target foil -1 kV vB -5 kV
Electrons absorbed in aluminum

\ Grid C
Layer JcridA Vor
3.5 kV pulse -> 6kV through Voff | o100 Ly, Voff
reflection seen by phosphor % 500V %
. . -1 KV, 100- avalanche

rISG-tIme 500pS — FET Switchn|s diode switch K _|

. . Timing T / av::lsa: c\:/he T
1 kV pulse on Grid D switch off  signal Gato and deiy | i amere | ——I
flourescence generator J -

Ditanet Workshop Paris
2011

Target foil

Phosphor screen

Fiber optic
conduit F, G

GridD Grid E CCD

team
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
352.2 MHz

Individual buckets will be chopped out

352 MHz <> 2.8 ns between buckets

Must be able to measure 1000 ions in the chopped
beam in the vicinity of 5 108 ions

Beam traverses thin carbon foil and creates secondary
Electrons which are accelerated towards a
Phosphor screen

Monitor can be gated off during the intense beam and
switched on within 500 ps

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 28
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
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Bunch Shape Monitor

 Device built at INR Troitsk

« Wil be assembled in
October and tested on the
3 MeV measurement line

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 29
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3 MeV 50 MeV 102 MeV 160 MeV
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A
Y
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Wire Scanners

Uses carbon wires
Beam pulse restricted to 100 us for heating reasons

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 30
2011 team



3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS

A
A 4

352.2 MHz

SEMGrid Wires and Wire Scanners

« Simulations of
energy deposition
done

« Simulation of signal
levels to be
expected

* New, time resolved
electronics under
preparation

» Fabrication of grids
with carbon wires

Ditanet Workshop Paris
2011

7000 T : .
—Carbon wire 0l{==33 um Carbon wire
—Tungsten wire =40 um Tungsten wire’
6000+ =+= Sublimation point of Carbon 02
=== Melting point of Tungsten 0.4
— 5000 0.6
X o
o E_U‘s_
p=l o
S 4000 108 4
2 5
= S ] B4
= 3000 .
-1.4F
\ 4 6»¥
2000 1
-1.87\
1000 v . ! ! ; 2% 2 60 80 100 120 140 160
40 60 80 £ 10([)M vi 120 140 160 Beam energy [MeV]
nergy [Me’
40 mA, 400 ps, o,=1mm, o,=2mm
Uli Raich for the CERN BE/BI 31

team
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Current Transformers

Good magnetic shielding
avoids interference from
nearby pulsing quads

Shielding simulation and
test measurements have
Been done

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 32
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352.2 MHz

Typical Transformer Signal

— XSG phoenix AARA_Y L L NAAK [ | Calibration signal before each

File View Control  Options beam pulse

cycle from BD0.sp1: X/ BoA . sp1: Xl| Box2.sp1¢ X/ BI3.sp1¢ X|| SFTPRO[19] PS Digitization of 400 us pulse
Ci{ms) 00274.9303 275.03430 | 275.02595 | 275.01775| 275.00930 2008 oct 10 17:38:45
at 10 MHz
LI.STTRAD6 X
0.250 Lo . .
Acquisition of Booster distributor
0.200 timings
0.150
Measures
% 0.100 — - total intensity
1 * intensity per Booster ring
0.050 BDX.
_0.000! -7 Background suppression by
BDX). SDIS software
-0.0504, T ' . . . r :
274.925 274.940 274.960 274.980 275.000 275.020 275.040
C{ms)
i Updatel ﬁ;zfme’zel Freeze”A NviovBE veEeEve " m ve vie gl E 12| 3

Ditanet Workshop Paris Uli Raich for the CERN BE/BI
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352.2 MHz

Linac4 Beam axis

(410-U0-002)

3 BPMs

1BCT Very little space, needed dedicated design for all devices

1SEMGrid

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 34
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
352.2 MHz

Inter-tank regions

o Tore
Isolation
=== PCB
s Mumetal
= ARMCO
ARMCO
= ARMCO
= Vis

Very little space

Support contact RF (bronze)
s Contact RF
W Chambre a vide
W Connecteur Burndy (8)

Ceramique
mmm  Collet (Kovar)

mmm Support (Tnox)

Special design to limit
7 Longitudinal dimensions™™

BPM built inside a quad

20 mm

N 7 7 7 /P A v )—@
g /4 7 %
T
. ‘

o T
= ;l\ AR
N

232 mm
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
35R.2 MHz

BPMs: Shorted stripline

Shorted

* Linear

* Fair sensitivity
 Compact
 Cheap

* Not beta-dependent

Vy (0 = P2 f [1 O)-1 (r——)]

v (f) = e 'EZO 1,(f)-e" sin(a)l)

C

* But highly resonating

Ditanet Workshop Paris Uli Raich for the CERN BE/BI
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
35R.2 MHz

Pick-Ups: What should be measured?

Absolute beam position with respect to an external reference.

Relative beam intensity measured by two consecutive pick-ups.
Absolute beam intensity after calibration with BCT.

Absolute beam phase with respect to distributed RF reference.

TOF flight between two pick-ups.
Low freq. cut off =15 Hz <:I > | Pulse |.= 400us
/Gy, = 50 GHz {1 > Obuncn = 20ps - 777ps
Ditanet Workshop Paris Uli Raich for the CERN BE/BI 37
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
Bunch structure along TL.: 352.2 MHz
Concerns
End of Linac
Phase RMS [deg] -

6.00E+01 Drys = 2.5
S.00E+01 -

Debuncher
4.00E+01
3.00E+01 Dpys=17°

@ Phase RMS [deg]
2.00E+01
Looton PSB Stripper foil
0.00E+00 - (I)RMS = 95°
0 50 100 150 o Spectre dans la ligne de transfer

3 ‘ I : ‘

» |
Beam energy at 160MeV PN J '\ | n
www w WW MWW W m
s i\ W
é 10° W 1
10
107 H\m\ 1 15 ] é 2?5 3 35 4
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3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS

A
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352.2 MHz
List of instruments

Faraday Cup 2 LEBT 45 KeV only scope
Emittance 1 LEBT, MEBT 45 KeV
meter 3 MeV — 12 MeV
BPMs 31 MEBT - Booster 3 MeV - 160 MeV Pos, intensity

L2-Booster transfer Phase
SEMGrids 18 LEBT — Booster 45 KeV — 160 MeV
Transformers 16 LEBT - Booster 45 KeV — 160 MeV
BSM 1 MEBT - PIMS 3 MeV - 160 MeV Russian coll
Halo Monitor 1 MEBT 3 MeV M. Hori

(finished)

Ditanet Workshop Paris Uli Raich for the CERN BE/BI 39
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Wire Scanners 6

BLMs 26
TV screens 7
Laser Wire 1
tests

Ditanet Workshop Paris
2011

3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS

A
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352.2 MHz

List of Instruments

MEBT, CCDTL, 3 MeV - 160 MeV
PIMS

MEBT - Booster 3 MeV - 160 MeV
Booster inj 160 MeV Emittance + inj.

MEBT - Booster 3 MeV - 160 MeV R&D for SPL

Uli Raich for the CERN BE/BI 40
team



