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Activities at BEVATECH
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https://neue2020seite.bevatech.com/vacuum-technology

Locations across the street
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How much diagnostics in Linacs?

A general conflict has to be solved in every new linac layout:

How many drifts are needed for beam diagnostics installations
and how long is each of them?

* The linac offers by far the fastest acceleration concept with the highest
time averaged beam current

« Any drift is an interruption of the acceleration process

e Such discontinuities can lead to emiitance growth

 Drifts limit the acceleration rate to avoid instabilities

* Too less beam diagnostics hinders to find optimum parameter settings

» Missing diagnostics can cause risks in linac safety (in particular with
Increasing beam power)
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FAIR How much disgnostics ? iAP

Institut fur Agw d thk
Frankfurt a

Layout example: 325 MHz p — linac for FAIR
(Layout by IAP Frankfurt, construction together with GSI/FAIR)

24 m
I | AANRNN
a MS1 BPM  MS2 BPM $
&
ECR RFQ CCH1-3 CH4-6
95 keV 3 MeV 3 - 33 MeV 325MHz 33-68
MeV

MS1: matching from RFQ to DTL: BPM & CT

MS2: Matching section (2m) within the DTL

BPM: There is a 4-knob phase probe placed
after each DTL — cavity

Trend: Phase Probe — 4-Button-Probe BPM -
6
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FAIR How much diagnostics? IAP

Institut fur Agw d Phyk
Frankfurt a

MS2 contains two diagnostic boxes - before and after the 2 MV
Rebuncher and two xy — steerers.

But: Rebuncher needed for this long drift, 150 kW,
and an extra Quadrupole triplet!
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MNICA)  JINR Heavy lon Linac - HILAC

JINR HILAC, Dubna, 101 MHz, 3.2 AMeV, A/g < 6.3

Bevatech contracted for design, construction and participation in
commissioning for cavities, lenses amplifiers

RFQ, 300 A keV cm PP1 IH1 PP2 IH?2 c12 Pp3

N

17 AkeV L 935m » 3.2 A MeV

e Current transformers ?E ] AL ——

CT1, CT2 R e A ]
* Phase probes 7 UMEBT 1M1 2

PP1, PP2, PP3 S— L
* Analyzing magnet o RO et e |
e Faraday cup FC e — —— .
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HILAC
Commissioning at
JINR




m Commissioning Example HILAC
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Commissioning Example - HILAC

Design, construction & installation: 2012 — 2016
First joint beam commissioning phase :  Second half of 2016
Second joint beam commissioning: 10 days in Oct 2018

First multiturn injection into Booster Ring: Dec 2020

The HILAC will deliver highly charged heavy ions (e.g. Au 32%)
from an EBIS source

The beam commissioning was accomplished with carbon
lon beams from an intense Laser lon Source LIS:

Cc?*,C3%, c*t. Afew mA for each charge state are possible.
Ring commissioning was performed with 7 — 10 mA

from the Helium source.



Commissioning Results - HILAC

I Cwxposmsauun B Sxpad & Kypcope B Mameperwn @ Matem B2 Ananus X0 Yrunume © Support

e

W,

CT1

PP1

PP2

PP3

P1pkpk({CT) P2 pkpk(C2)| PIpkpk{C3)

4140mV 1712V 8mv

ot 0 W 4
cso (77 Dcso [ Dcso @ oS0
diy 500 m\idiv | 500 mVidiv 100 m\Vidiv
10050V | 4650mV | -20150mV

First beam tests in 2016: Up to 60% of C3*twere
accelerated to the final beam energy of 3.2 A MeV.




Commissioning Results - HILAC

First commissioning autumn 2016, C3* — beam.

B ®aitn |3 Bepruk |+ Passeprka | P Cusxponwsauun (& Oxpan | # Kypcops | El Mamepenun @ Matem. 1= Ananua X Yrunwta | @ Support
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Phase probe signals give information on the longitudinal bunch
structure with increasing energy.

Much better if available: INR — type bunch shape detector
(A.V. Feschenko et al.) - -




Commissioning Results - HILAC

Commissioning week in Oct. 2018, C** — beam.

e Transport mode of the DTL: Good transmission of the 300 A
keV C?*- beam from RFQ down to the analyzing magnet.
Finding: Beam contains C3* at the 1% level only, ratio stable.

Carbon spectras, lens of LIS 13mm, HV = 80 kV

C2+616 mV
600 C3+555mV

100 1 Ca+35mV ' R
10,0 120 140 16,0 180 200 220 240 260 280 300
Magnet current, A

Typical LIS ion source charge state spectrum




Commissioning Results - HILAC

« Energy against Rebuncher RF phase, measured by the
dipole magnet behind IH2

[fe]
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Finding the correct phase setting for the 300 A keV rebuncher
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Commissioning Results - HILAC

* Optimization of all linac parameter settings
 Result: Up to 75% transmission from RFQ exit to IH2 exit
 RF controls not yet satisfying — new digital system in progress

Comparison of Current transformer signals CT1 and CT2 ;
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Commissioning Results - HILAC

. . —_— 150 mYV
* Investigation of IH2 —— 155 mv
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Commissioning Results - HILAC

RF Pick Up Signals
During Booster Ring
Commissioning

with He™ -Beam.

Beam Load seen
without amplitude
control: several mA

Booster Run:
e First Multiturn

0.080
0.070

Injection

- Dec 2020

We congratulate

e our JINR - Dubna
s Colleagues!!!
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Conclusions

* Need for diagnostics equipment very much dependent on:
- beam current and duty factor
- end energy and ion type (activation level)

* Industry can be involved deeper into the linac development
by demand

e Laboratories and industry can profit from each other
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