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LINAC Activities at CERN

Alessandra Lombardi and the Hadron Sources and Linac team

e  The Superconducting Proton Linac (SPL)
. Achievements with LINAC4

e  Activities on RFQ redesign

. Conclusions and outlook
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LINACs for v-fact or p-collider — CERN 2010
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SPL parameters

Energy
Beam power
Rep. rate
Av. pulse current
Peak pulse current
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Beam pulse length
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Building blocks of the superconducting part
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4) IT-mode

Structure
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Baseline beam parameters

LINAC4 - CDR -2006 LINAC4 - achieved (2016) Comments — mucoll specific

Stripping and more tested in Half Sector Test

70mA peak at the source 50mA peak (in twice the acceptance of the RFQ) Peak current from the source

65 ma peak at 3 MeV 30 mA peak at 3 MeV (record)
40 mA after chopping 20 mA after chopping Average beam current after Missing a factor 2 for the high current
chopping (LEBT and RFQ
transmission and chopping
factor)
160 MeV 160.48 MeV All RF structures performing to
specs
0.4 m mm mrad 0.3t mm mrad (at 160MeV) Smaller emittance, allows for
more turns injected
400 psec 1Hz Up to 600 psec 1Hz Longer injection in the PSB Longer pulse and ducty cycle is
(4 rings) (100-150turns) possible
Fast Chopping at 3 MeV Demonstrated , including transmitted beam Unprecedented flexibility, to be  Repetition rate (40MHZ) not
2usec inj kicker rise-time  quality exploited demonstrated
Beam from 1usec to 150usec
Energy painting with the Flexibility in the longitudinal plane
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Measuring at 3 MeV : CHOPPING

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

Match to
the DTL

Match from
the RFQ

y-yp at the dump output

Measured Current in BCT04040 (mA) vs L4L.QFC03130|
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Beam Profil
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© o Blue: gaussian fit
50" Red: raw data
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Beam dump and
shielding 3 profile diagnostic

— tanks

2 \ LTB.BHZ40

Availability
93.9%

250 255 260 265 2700 275 280 285 290 295 300

Beam phase spread at 160 MeV — in specs.

LINAC 4 Fixed Display 20-11-2019 17:48:26

Beam current
transformer
2 quadruPgles and
corrector magnets

-23.3 -23.4 .-23.2 -23.2 -23.2 -23.5 -23.2 -22.7
71% 96% 96% 100% 99% 99% 99% 99% 101% 98% 98%

; \E ] r 112

-"-'-!l'“-,--;""f* ; Pre-injector I Accelerator Transfer Lines

[ e ——

96% transmission from 3 MeV to the LBE —23mA suitable for all pre-LS2 beams

Emittancesmeasurements in LBE — as expected




Pulse Flatness and chopping
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Clms] 000274,200000000 | 275,0000000 |275,d4534000 |275,3034250 |275, 1500000 |275,0000000 |35 0ot 2019 19:07:17
L . LdL.BCT.4013-5TLmA]
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-0,0 e —] (]
e ——
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15,0
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44 ,.SRICHOPPER
20,0 |44, SRECHOPPER
L4¥ ,SRACHOPPER
25,0
Mm—ﬁ__ =
30,04, , ; . . : : i .
274,920 275,000 275,100 275,200 275,300 275,400 275,500 275,600 275,700

600 ps long 25.5 mA pulse just upstream the LINAC4 dump
(red curve). The pulse flathess meets the specification for each
of the 4 Booster rings

Zoom into start of Ring 4 with
nominal chopping pattern;

Top: BCT in transfer line; bottom:
output voltage (neg./pos.) of
chopper plates.



Longitudinal stability and painting

.~ Blue: gaussian fit
== Red: raw data

Measured phase variation for 100 us long pulse
when a energy variation is programmed along
The beam phase spread along the pulse is within specs the pulse —proof of principle of energy painting
— RF regulation is ok
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Beam Intensity and Transmission

LINAC 4 Fixed Display

LAD LAC L4P
-24. -24.7 -24.7 -24.6 -24.5 -24.5 -24.5 -24.2 24.2
| — —

S A ]

99% 99% 99% 99% 100%  99% 98% 100%

Comments: 06-Nov-2019 10:23:28 Source info RF Info

CCC : 76671

LBE run Autopilot

Supervisor: B. Mikulec (162393) mA/KW

ATTEE

11-11-2019 16:57:44

LBE
200 mGy/s

-22.3 L -22.4 -22.2 L -22.5 -
91% 100% 98% 101%

H- beam intensity on the 15 transformers along the linac and transfer lines

Excellent transmission from 3 MeV
to the LBE

Routinely 23mA (un-chopped) that
allows the production of all the
pre-LS2 beams



1S-02 IS-O3 IS-04

(25mA in RFQ (35mA in RFQ (50mA in RFQ
acceptance) acceptance) acceptance)

Edgar Sargsyan talk

b=l - i i e i e B

2013: Comparison of measured FQ rEdesi

emittance (yellow) and RFQ - :
acceptance (pink). The expected 3m high-field

transmission thru the RFQ is 75%. (2018)
(PARMTEQ + TOUTATIS).
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1S-02 IS-O3 IS-04

(25mA in RFQ (35mA in RFQ (50mA in RFQ
acceptance) acceptance) acceptance)

b=l - i i e i e B

2013: Comparison of measured

emittance (yellow) and RFQ - :
acceptance (pink). The expected 3m high-field

transmission thru the RFQ is 75%. (2018)
(PARMTEQ + TOUTATIS).
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Common design guidelines
* Input/output energy : 45 keV/3MeV,;

* a two-term potential vane profile, a constant average aperture radius and
a constant transverse radius of curvature for an easier tuning and the
possibility of machining with a 2D cutter;

* Constant voltage profile;

* Transmission higher than 90% for emit=0.5pum rms normalised 1=70mA



RFQ designh — copper

General Guidelines:
e Stay below the RFQ1 line

* Transmission>90 for emit=0.5
mm mrad and I=70mA

* rho/ro=0.7 -1

* Two versions
* L=4.5 m to avoid dipole rods

Maximum surface field (MV/m)

* L=as short as possible.

60 65 70 75 80 85 90
Vane voltage (kV)
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4.5 m

RFQ parameters

Length m

Vane vaoltage kV

Max electric field (MV/m)
Peak RF power kW

Average aperture (r0) mm
Transverse radius (p)
Maximum modulation
Minimum aperture mm
Focusing parameter (B)
Phase at gentle buncher deg

Transmission %
(70mA , 0.9 mm mrad)

21/06/2023
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7Tall
3.2
2.1
1.3
2.
a.87
-3a
3.2

Maximum surface field (MV/m)
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65

aperture (cm) or modulation

modulation, aperture and phase vs length (cm)
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Beam dynamics — 70mA emit =0.5mm mrad

352 .0MHz ,g=1.0 ,Ws=0.07 ,Wwg=0.495 ,A=0.525470790524 ,amu=1 .00837361135,i=TC x-xp (em-radian)

X (cm) vs cell number
0.4 - - _ 0.10

Phase

0 83 167 250 333
v (cm) vs cell number center of cell 0.00

-0.05
. vs cell number _ —0-10%73 -0.2 0.0 0.2 0.4
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417 0.05
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"t -e0 —30 0 30 60

Transverseéx,oystop) and longitudinal planes (phase, energy.spread)along the RFQ 16
Beam at the RFQ output plane



3.9 m

RFQ parameters

Length m

Vane vaoltage kV

Max electric field (MV/m)
Peak RF power kW

Average aperture (r0) mm
Transverse radius (p)
Maximum modulation
Minimum aperture mm
Focusing parameter (B)
Phase at gentle buncher deg

Transmission %
(70mA , 0.9 mm mrad)

21/06/2023
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Beam dynamics — 70mA emit =0 5mm mrad

Phase-
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RFQ design — new material

General Guidelines:
* Field up to 50MV/m for 78 kV (cryo-copper)

* Respect scaling —
e 120kV and 42.3 MV/m
* 140kV and 39.3 MV/m

* Transmission > 90% for emit=0.5 mm mrad and [=70mA
* rho/ro=0.7 -1

e L as short as possible
* Best beam quality



modulation, aperture and phase vs length (cm)

2.5m 120 kV |

RFQ parameters

Length m

Vane voltage kV

Max electric field (MV/m)
Peak RF power kW

Average aperture (r0) mm
Transverse radius (p)
Maximum modulation
Minimum aperture mm
Focusing parameter (B)
Phase at gentle buncher deg

Transmission %
(70mA , 0.5 mm mrad)
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Beam dynamics — 70mA emit =0.5mm mrad

352.0MHz ,q=1.0,Ws=0.07,Wg=0.495,A=0.525470790524 ,amu=1.00837361135,1=70.0mA
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Comparison of performance-method

e Comparison of performance

e Simulations
e Current through the RFQ

* Parameters :
e emittance at the RFQ input plane : 0.2 to 0.9 um
Matching :
Transverse beam distribution : uniform, parabolic, gaussian
Current : range 0-60mA
Energy dispersion
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transmission

Comparison of performance — results

transmission vs emittance at fixed current - 40 mA
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0
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emittance rms normalised
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Current of 60 mA needs to fit in an
emittance of 0.4 for RFQ1 vs in an
emittance of 0.8 for RFQ3 to give 48mA
out of the RFQ

transmission vs emittance at fixed current - 60 mA
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emittance rms normalised 23



summary

* The SPL design of 2010 still holds

* The normal conducting part of the proton driver (LINAC4) is almost fit for
high power linac : main issue is brightness of the pre-injector.

* Chopping should be upgraded to faster rep rate
e Substantial progress on the source brightness : next talk by Edgar Sargsyan

* There are 3 designs for an RFQ that fits the specifications of LINAC4 at
higher beam current and emittance. All designs have a transmission of
more than 90% for a beam of 70mA with rms emittance 0.5 mm mrad. Two
of the RFQ designs are based on RF parameters similar to RFQ1 whereas a
very short RFQ is based on a surface field higher than what is attainable
with room temperature copper.



