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LHC Injectors Upgrade




VB14
Why LHC Injectors Upgrade?

N, number of particles per bunch
Ny number of bunches
fr revolution frequency
e,l normalised emittance
B beta value at Ip
F reduction factor due to crossing angle

From machine design, Brightness from

optics and limitations injectors: defined

(e-cloud,etc) at low energy

High + LJJJ mmmm TEN TIMES MORE
Luminosity B LUMINOSITY IN LHC!!

LHC LHC Injectors Upgrade
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CERN accelerators complex
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CERN accelerators complex
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CERN accelerators complex
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Commissioning

Linac4 successfully commissioned to the final energy of 160 MeV in 6

5) PIMS 100-160 MeV 4) CCDTL 50-100 MeV 3) DTL 3-50 MeV
Nov 2016 Jun 2016 Nov 2015
LaT 160 MeV 105 MeV 50 MeV

2) Preinjector 3 MeV

Oct 2013
3 MeV
ume 1) Source
Mar 2013
45 keV

JP.Corso le 29.05.2012 ~76m
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Commissioning

Linac4 successfully commissioned to the final energy of 160 MeV in 6
stages:

6) Half Sector Test
H- stripping

JUMP

JP.Corso le 29.05.2012 ~76m

Frequency : 352 Hz b
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Beam measurements - some examples

|~ Linac 4 Spectro T E S | .
File View Options Control Help imulation
[P— P —
%] P @ 4 [ © 18 Aug 2014 16:39:24 LN4 - MDL, 04 MD1 - 01 :
L4.SPECTRO

Gain AlD - AlD

5o T 54 i
Position (In - In N
Energy |12 Mev | v
o o
Magnet AQN  132.32 |
QDF20 Y6 0o
QFF30 T oo E A ) /\
i

Settings
Fit Gauss(3p) - -10 - 10
firet e 5 R A RN 3 a G
irs = X385 i e =738 e ot
Lt P Measurement
I T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 View 50— 10
Mev (Resuts |
rSelected Profile Prafile U o
o 45 032707 |0.06784. ||
45 0.32611.[0.06776
-3004 47 0.32265...|0.06806..
-1000 - 43 0.32008...[0.0678L..
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B 53 032167 |0.06658
-3000 54 0.32127..[0.06702..| |
1] 0.1 0.2 0.3 0.4 0.5 0.6 B3 0 0 0o 0s7TEd |7

Spectrometer (bending + grid) measurements [ RN Ne M e R I At Woh
indicate an rms energy spread of 52.8 keV (vs 49.2 Transverse emittance at 50 MeV
keV expected) after DTL tank1,12MeV, August 2014 after the Drift Tube Linac, Nov 2015
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Beam measurements - some examples

—— Amplitude 100 (%) - = Amplitude 99 (%)
—— Amplitude 92.3 (%) 8o 2 s —— Amplitude 105 (%)
= Amplitude 61.5 (%)

©  meas 81MV
®  meas 7.5MV
O meas 5MV

Energy Gain (MeV)
~N
Energy (MeV)
-
o

-
(=1
T

L L L L L
1 -150 -100 -50 0 50 100
RF phase (deg)

RF phase (deg)
Beam loading Time-of-Flight

Average energy vs cavity phase for a CCDTL module measured June 2016 with Time-of-Flight and beam loading

Very good agreement between measurements and simulations!!
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Beam measurements - some examples

Proton beam after stripping at 160 MeV measured in
Half Sector Test

e , : Temporary
dump _

T o e

g Stripping foil
1ol system

09/20/2018
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Y [mm]

X [mm]

Proton beam transverse footprint —
stripped — 160 MeV at, Mar 2017
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Commissioning achievements

. 160 MeV 160 MeV
Final energy
Stripping H- stripping Stripping and more tested in Half Sector Test
Emittance transv. RMS 0.4 m mm mrad 0.3 m mm mrad
norm (@ 160 MeV)
Pulse length 409 usec 1Hz Up to 600 psec 1Hz
(4 rings)
Fast Chopping at 3 MeV Demonstrated , including transmitted beam
Chopping system 2usec inj kicker rise-time quality
-70mA peak at the source -50mA peak (in twice the acceptance of the RFQ)
Current -65 ma peak at 3 MeV -30 mA peak at 3 MeV (record)
-40 mA after chopping -20 mA after chopping
09/20/2018

V. BENCINI - CERN

All RF structures performing to
specs

Smaller emittance, allows for
more turns injected

Longer injection in the PSB (100-
150turns)

- Unprecedented flexibility, to be
exploited
- Beam from 1pusec to 150usec

- Peak current from the source

- Average beam current after
chopping (LEBT and RFQ
transmission and chopping
factor)
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Current limitation — What is the cause?

I\_;:@ FT ¥ numlx::.is::s:n; LN-; -n; M‘D.l IILINAC-L;Y‘(‘L‘E_;B‘P-20!‘7. M',._‘ .\I“I,, ..;.,.w A_CYCLE 1BP-20. The main Iimitations to the peak Current and
= e e ———— e
to the beam stability come from the source
LINAC 4 VISTAR y
Beam Destination : LINDMP
L4L L4D L4C L4P L4T L4Z @ 25 mA
7 T1213 73113  T4013 TO117 TO117  TO107 T0273 1
0.045MeV 3 Me 3 MeV 50MeV  100MeV 160 MeV 160MeV e
3e-01
= le-01
o
e
= 3e-02
“x
1le-02
Cicemend 2
3e-03
’ SEJ + 546 us ... 576 ps
Mo Exception £o display... le-03

X [mm]

09/20/2018 V. BENCINI - CERN




Current limitation — What is the cause?

09/20/2018
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Current limitation — Finding a solution

Studies on the Linac4 source Test Stand to overcome the present limitations

* Same configuration present
in Linac4 tunnel

\ / HV ! HV ] RFQ
- . correctors (:m-re(:Il:m's‘!;.,,.ﬂj_rh,m acceptance mask ¢ Allows to test different

H- source 15 Solenoid BCT Slit Grids 21d Solenoid

/ I 1 % / source settings
. #

m . .

4 N a « RFQ mask mimics the RFQ
j R T acceptance
k. L ! e el
'—“\\_\._

i -1_|
i s i v s
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Current limitation — Finding a solution

The activities at the Test Stand are giving really promising results:

* Better understanding of the influence of source parameters on pulse shape and stability
(gas pressure, RF pulse stability,... )

* Influence of the extraction geometries

WORK IN
ROGRES

* Increased beam current into RFQ acceptance (32 mA)

* ..workin progress...

For more details see poster and proceeding (here at LINAC 2018): VB8

Activities at the Linac4 Test Stand (TUPO127)
J.B. Lallement et al.
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Current limitation —is it enough?
Can Linac4 fulfill the LIU beam requirements with LHC m

the present performances? VB9 Intensity 3.45-102ppr  0.9/1.2-10% ppr
Emittance 1.7 um 10 um
According to simulations (Benedetto/Forte/Bracco) a a
Current 20 mA
Turns (or us @ 1Hz) 30 110/150
5000 turns
L4 current = 40 mA; iX-r-"=0'4 um; Matched optics L4 current = 20 mA; E‘l!ﬂ.—-(}j um; Matched optics L4 current = 20 mA; L4 SL_V_“=G,3 um; Mismatch. optics
| ez se=121pm | Y oy, sooc= 1220m | O ez, 0= 117 pm

L4 = = Havi2 L4 —— (Hevi2 L4l — — Hevi2

112

1.2

€ i)

0.8 0s
0.6 0.6
0.4/ 04
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 S0 0 1000 2000 3000 4000 5000
Turn No. Turn No. Turn No.
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Reliability and beam quality run




Root Cause Downtime by system

Accelerator Controls

Reliability and fault tracking

Availability Fault Count Fault Mean'Tlme
to Repair
449 Network

91.5% 23 weeks ~29 min °-57%\ 0385

Source B L
eam Losses Operation

Period: 13/07/2017 — 15/05/2018 1.91%

. e 0
T:flrget r‘e|la.bl|l'FY. of more than 90%... Last update: 22/06/2018
Linac2 availability is 99%!!

*  Main downtime cause: RF systems

Radio Frequency Power Converters
36.98% 22.97%

* Many interventions were performed in the summer to increase the
availability (for example RF pick-ups redesign and replacement)

Pre-Chopper
9.75%

A considerable decrease in fault time is expected in the next run
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Timeline for Fall 2018

20/8/2018 7/12/2018 ‘

JWe are here

w34 w35

HW commissioning

- Beam quality run & RF commissioning

- Reliability run
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Timeline

20/8/2018

lWe are here 7/12/2018

w34 w35

Beam quality run

HW commissioning

Beam quality run )&

Commissioning phase aimed to reach all the LIU
beam quality requirements

RF commissioning
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Beam quality run

The goals for the beam quality runs are:

Measurements before and after the RFQ show that a

1) Pulse length: 600 ps J — stable pulse of 600 ps can be produced

09/20/2018

Before RFQ After RFQ
n% T N :IZcthcnz —
5 W :h.‘?w*" N

\

I [N

[ i < >

T - 1600
\J 600 ps i i
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Beam quality run

The goals for the beam quality runs are:

1) Pulse length: 600 ps J

2) peak current: 25 mA J —

Current above 25 mA after the RFQ is reached

[—
Wcni Ccnz
E
0= -
H
E ol
g
26 mA
L
B3
tme (ns]
L raw L raw L raw L raw [l raw
Craw [ raw Craw tar [Pe 1 meas
o [Istope IR
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Beam quality run

The goals for the beam quality runs are:

[Fcn1 [ch2

1) Pulse length: 600 ps J — -
2) peak current: 25 mA J s

3) pulse flatness: - 2% over 120 ps J E—— \\

36
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Beam quality run

The goals for the beam quality runs are: still not achieved...but almost there
1) Pulse length: 600 ps J —
]
2) peak current: 25 mA J it
3) pulse flatness: - 2% over 120 us J n \
-5% over 600 ps I mEEE———) . \\
| 6%
ol UL
rrrrrr it [Jraw o [Jraw1 “mél[:lzsv]v 2 [Jraw3 [Jraw 4
Ecv:s i E;T:\;s EHM[/T . [v]Start-Stop | Per-ring CJ1-m
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Beam quality run

The goals for the beam quality runs are:

1) Pulse length: 600 ps J

2) peak current: 25 mA J WL

3) pulse flatness: - 2% over 120 us J
- 5% over 600 us x

4) Stability shot-to-shot of 2% I — .
| ll o bt LA [ il |

o UL LA TR LAY A A IR 1 UNTTINLAL N R nmhh.\ﬂ..‘ ’
R 11 4 kel IR L0 MRE D ol ORI 00, Lo M i L |

Still not achieved...work in progress

1200
LOCALTIME
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Conclusions and next steps

* Linac4 has been successfully commissioned up to the final energy of 160 MeV and demonstrated to
be able to provide the minimum current in the PS Booster needed for the high intensity operations
in LHC and ISOLDE

* The reliability run showed that the required availability can be achieved

* Source development at the Linac 3 MeV Test Stand is undergoing to fulfill the nominal LIU beam
requirements and to increase the output current

BUT
It’s not over until it’s connected!

During LS2 Linac4 will be connected to the PS Booster and the transfer line needs to be
commissioned.
Much work has still to be done!
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