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 "Boundary conditions"

* Beam commissioning overview
— Planning
— Configuration

* Summary



"Boundary conditions" (1)

* To avoid overlaps with other presentations, this presentation
doesn't cover the following subjects:
— Linac details

— Hardware commissioning and the transition from the hardware to
beam commissioning

— Operations
— Reviews

— Lessons learned during the transition phase from the hardware to
beam commissioning



"Boundary conditions" (2): linac tuning

* No time to cover linac tuning.

* Hadron linac beam commissioning 101:
— System verification with beam (large fraction of beam commissioning)
— Steering (low current)
— RF setting (low current)
— Matching (high current)
— Power ramp-up and scratch our heads to understand losses

* Overview of the linac tuning is discussed in:

— Internal documents
* ESS-0149990: NC linac commissioning.
— Conferences, workshops, and reviews
* HB16, IPAC17
* EuCARD2 workshop on proton linac beam commissioning (https://indico.esss.lu.se/event/164/)
* Review on beam dynamics and lattice (https://indico.esss.lu.se/event/681/)

* Online applications and (layout of) diagnostics devices are keys to efficient beam
commissioning.



"Boundary conditions" (3): diagnostics
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Beam commissioning stages and schedule C e

Stage Energy Start date Start date Start date Duration
[MeV] (old) (TAC17) (y:Youk:)) WEELY

ISrc - LEBT 0.075 2017-11-20 2018-06-28 2018-09-19
ISrc - DTL1 21 2018-11-05 2019-11-04 2019-11-11 14
ISrc - DTL4 74 2019-01-21 2020-04-27 2020-07-13 13
ISrc - dump (BOD) ~570 2019-05-13 2021-02-08 2021-04-26 13
ISrc - target (BOT) ~1370 2019-06-24 2022-06-08 2022-06-08

*  Focus now is on the ongoing ISrc-LEBT and the following NC linac stage.
* Schedule is driven by deliveries and installations of components. The sequence of beam
commissioning activities is laid out to fit to the allocated time.
— Little or no contingency for unexpected interventions.
— Every step has to be well prepared and executed as planned.
* Beyond the ISrc-LEBT stage, we use internal and permanent beam stops and diagnostics
devices. This allows us to come back to a state of the preceding stages.
— The linac includes a thorough set of permanent diagnostics devices.
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Roles and responsibilities of "technical and ¢‘ T

scientific coordinator for commissioning"”

* Planning phase
— Identify required activities with beam and their dependencies.
* Focus is on linac tuning but also include components verifications with beam.
— Define a sequence of activities based on the dependencies and priorities.
* Have no authority to change the time allocated to a beam commissioning stage.

— Help to develop a procedure of each activity.
— Maintain and update the plan.

* Execution phase
— When the beam is available, determine what to do based on the plan and other
conditions, e.g., availability of subsystems and personnel.
* Availability of the beam itself is determined by the system owners and operations.

— Help to conduct each activity.

— Beam physics one of the primary stakeholders to permit (the shift leader) to use
a new machine configuration and beam parameter envelope.

* In the control room, the shift leader is in charge of these.

— Maintain and update the plan.



Example of commissioning sequence (1):

SPALLATION
SOURCE

ISrc-LEBT (1)

NCLIN-321 [+ Stability Check Ryoichi Miyamoto 2018-Now-26  2018-Nov-30 | BgamComm

<| TYPE KEY SUMMARY ASSIGNEE STATUS START DATE END DATE LABELS ﬁ
NCLIN-5 Safety Readiness Review (SRR1) Edgar Sargsyan IN PROGRESS 2018-Apr-17 2018-Jul-17 PE =
.NCLIN_GBlnnsnumeandLEBTEeamcnmmlssmnlngHyolcmmwammo20185‘3?032018Nw_30p6.
g NCLIN-314 Systems Verification with Beam Ryoichi Miyamoto 2018-Sep-03 2018-Sep-19 BeamComm ;
g NCLIN-316 Mid-point Characterization Ryoichi Miyamoto 2018-5ep-20 2018-Oct-05 BeamGComm ;
g NCLIN-400 Chopper installation, testing, and verification Ryaichi Miyamoto 2018-Oct-08 2018-Oct-12 BeamComm h 5
NCLIN-317 Steering & Solenoids Scan Ryoichi Miyamato 2018-Oct-15  2018-Oct-26 | BeamGomm
NCLIN-318 Beam Modes Verification Ryoichi Miyamoto 2018-Oct-29 2018-Nov-029 | BeamComm
NCLIN-320 RFQ Matching Preparation Ryoichi Miyamoto 2018-Nov-12  2018-Nov-23 | BeamComm

NCLIN-7 LEBT Partially Dismantled for RFQ Installation Janet Schmidt 2018-Sep-28  2018-Oct-04 | pg <z
e018 October, 2018
34 35 40 41 42 43 44 0!
ness Review (SRR1)
] MNCLIN-6 - lon Source and LEBT Beam Commis:

MNCLIN-314 - Systems Verification with Beam
N NCLIM-316 - Mid-point Characterization
NCLIN-400 - Chopper installation, testing, and verification
NCLIN-317 - Steering & Solenoids Scan
NCLIN-318 - Beam Modes Verification

H NCLIN-320 - RFQ Matching Preparation

;. NCLIN-321 - Stability Check

[/[+=]]| NCLIN-7 - LEBT Partially Dismantled for RFQ Installation 8



Example of commissioning sequence (2):

SPALLATION
SOURCE

ISrc-LEBT (2)

< | TYPE KEY SUMMARY

07 08 091011 1213 14 15 16 17 18 19 20 21 22 23 24

910011 1213 14

— — - x -

NCLIN-6 [=llon Source and LEBT Beam Commissioning —

.. NCLIN_SN stﬂemsvermcaﬁonmsmm . 1111 0 O
g a8 NCLIN-348 Verify X-ray shielding NCLIN-348 - Verify X-ray shielding ;
g a8 NCLIN-323 Verify the 1Src and LEBT start-up procedure NCLIN-323 - Verify the ISrc and LEBT start-up proceglure ;
a8 NCLIN-324 Commission FC & ACCTs NCLIN-324 - Commission FC & ACCTs
a8 NCLIN-325 Commission EMU NCLIN-325 - Commigsion EMU
g B NCLIN-326 Verify current & emittance with respect to the off-sit MCLIM-326 - Verify current & emittance with respect to the off-site commissioning ;
a NCLIN-327 Commission DPL for the fraction species measurer \[#M[}}  MCLIN-327 - Commissipn DPL for the fraction species measurement
] NCLIN-328 Commission NPMs NCLIN-328 - Gommission NPMs
] NCLIN-329 Verify iris NCLIN-329 - Varify iris
a8 NCLIN-332 Move FC to the permanent tank NCLIN-332 - Move FC to the permanent tank
NCLIN-316 [=] Mid-point Characterization “M— NCLIN-316 - Mid-point cmni
g a8 NCLIN-372 Re-verify FC after the relocation NCLIN-372 - Re-verify FC after the relocation ;
g a8 NCLIN-333 Establish steering to the mid-point U[oMlY  NCLIN-333 - Establish steering to the mid-point ;
é G MNCLIN-331 Verify the EMU measurement procedure after RFQ MNCLIN-331 - Verify the EMU measurement procedure after RFQ cé
é G NCLIN-361 Check beam guality vs 1Src repetition rate & pulse | NCLIN-361 - Check beam quality v ISrc repetition rate & pulse Ieé
é a8 NCLIN-334 Establish candidates of 1Src working points NCLIN-334 - Establish candidates of 1Src """E
é a8 NCLIN-353 Characterize the effect of the N2 injection [[[wH[} NCLIN-353 - Characterize the effect of mi;
a8 NCLIN-362 Down-select working points of 1Src & N2 injection NCLIN-362 - Down-selact wnrkingpos
a8 NCLIN-354 Sample emittance vs solenoid 1 NELIN-354 - Sample emittance uu
S m e R R AR R/E R R R AR R N AR R AR AR R N R NN R R NN R R AN R R NN AR R N N AR R N AR R N AR AR AR RN AR A AR AR RS AEREEAAREESAAAENSASANESESAEESESAEEESEEEEESSEERESEEEEESsdEEEsssssssssssssssssmassd
NCLIN-400 [=] Chopper installation, testing, and verification NC1
a NCLIN-401 Install and hardware-test chopper power supply ({[wB]}  NCLIN-401 - In 9
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Example of commissioning sequence (3) .)gg;m

ISrc-DTL1 (under development!)

‘ NCLIN-313 - ISrc - DTL1 Beam Commissioning

NCLI NCLIN-540 - I1Src and LEBT beam re-characierization

<.. RFQ-MEBT low current
NCLIN-541 - RFQ with the probe beam
MNCLIN-511 - MEBT compaonents hardware verificsition with beam

= NCLIN-584 - MEBT collimator #1 prafiminary lest

) NCLIN.542 - MEBT steering and mjagnet charactsrization

NCLIN-543 - RFQ power sgan with the probe beam
E NCLIN-547 - LEBT magpets optimization for the probe beam
NCL NCLIN-544 - Radiation characterization at 3.6 MeV

QTN NELIN-545 - Buncher #1 and #2 scan and setting

lﬁc’l;l—sdﬁ—MEBTchuppsr!inﬁgsndpnhalﬂ'g‘h ! RFQ-MEBT high Current

[ZBI  NCLIN-S48 - MEBT transverse characterization for the full eurrent

NCLIN-548 - RFQ power scan with the full current beam

NCL

NCLIN-550 - LEBT salenaids optimization for the full current beam

QI MCLIN-S51 - MEBT longitudinal charactarization for the full current

NCLIN-552 - MEBT chopper efficiency

QTN NCLIN-553 - Beam mode verification

OB NCLIN-ES4 - LLRF for RFQ

CTSWT  MNCLIN-SSS - LLAF for MEBT buncher #1 and #2

MCLIN-556 - MEBT collimator #1 and #2 test DT L 1
4 q

NCLIN-S57 - MEBT buncher #3 scan and setting

ISrc-LEBT and ISrc-DTL1 are com ) lexed e e e
E MNCLIN-558 - Steering and magnet characterization for MEBT after FC and DTL1
NCLIN NCLIN-558 - DTL1 scan and sestling

1" H 1"
due to many "chicken-egg problems". =EERS Eamma . -

E NCLIN-560 - Transmission tast up o the full current

Higher energy part required care for - J

MCLIN-E61 - LLRF for MEET buncher #3

NCLIN-562 - LLRF for DTL1
NCLIN-535 - Integrated opfimization for losses

hlgh beam power but more
straightforward. S —————.
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Beam modes i

<100 mA

~3000 ps 5-2860 ps ~100 ps

Current Duration
[mA] [ms]
Prob ~6 <5 <1
~0.1+20 pus 5-2860 us ~0.1 us

- ) B {|||||||||||IIM|||||||||| h

m <62.5 <50 <1

Long pulse <62.5 <2860 <1/30

verification MEBT
chopper

<62.5 2860 14 (chopper)

~0.01 ps 5-2860 pus ~0.01 ps 11

LEBT
(chopper)




Beam stops G it

0.075 MeV 3.62 MeV iO MeV 216 MeV _ 571 MeV 2000 MeV
|
|

P e O D

<«25m> €45m> €4 0m> €39m > € 56m> €« 7Tm> €179m> €«132m-> «109m~>

= 352.21 MHz > <€ 704.42MHz =

LEBT (inside tank) Permanent*

LEBT (outside tank) FC Temporary* Yes Yes Yes
MEBT (inside tank) FC Permanent Yes -- --
DTL2 (intertank) FC Permanent Yes -- --
DTL4 (intertank) FC Permanent* Yes -- --
Spokes (doublet #1) Stop Permanent Yes -- -
Medium-f (doublet #6) Stop Permanent Yes -- --
Dump line Dump Permanent Yes Yes --
Target Target Permanent Yes Yes Yes

12
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ISrc- LEBT commissioning configuration gmm

(Plan)

BCM -FC - Camera (H) - Allison (V)
- Allison (H) - Camera (V) - Camera (H)
- Allison (V) - BCM - Camera (V)
- Camera (H) -FC
- Camera (V)
- Doppler
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Source extraction Solenoid 1 Iris Chopper Solenoid 2 Collimator Beam stop
(Steerer 1) (Steerer 2)
Permanent tank

Commissioning tank
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ISrc- LEBT commissioning configuration
(How we started on 2018-09-19)
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Solenoid 1
(Steerer 1)

Source extraction

I
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Iris

-FC

- Allison (H)
- Allison (V)
- Camera (H)
- Camera (V)
- Doppler

Wﬁ-'

W . |
1 N e

o
5

Chopper

Permanent tank

- Camera (H)
- Camera (V)
- BCM

Sessssnasi

S

Solenoid 2 Collimator

(Steerer 2)

- Allison (V)
- Camera (H)
- Camera (V)
-FC

Commissioning tank
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Beam stop
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ISrc- LEBT commissioning configuration

SPALLATION
SOURCE

(How we started on 2018-09-19)

BCM

i N 2 8
N7 N ( Pl

Running the real beam provides the best lesson, but...

We could have had a better platform to check and follow-up machine status
and agreed beforehand on the acceptable state to start the beam.
(Performance related issue was out of scope of this SRR.)

Only occasion to use an external stop and diagnostics. We could never come
back to this configuration.

Only occasion, besides target, we can test the nominal beam parameters.

Collimator

Permanent tank Commissioning tank
15
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NC linac commissioning configuration f\ cuRopea

(baseline)

ISrc - MEBT, DTL1

MEBT FC DTL2 FC DTL4 FC

|

ﬂ ﬁ DTL1 DTL2 DTL3 DTL4 DTLS

* DTL1-4 installed but only DTL1 powered.
* MEBT and DTL2 FCs at their nominal locations. .
«  Temporary shield wall + DTL4 FC with shielding at DTL5. Temp shield wall

ISrc - DTL4 MEBT FC DTL2 FC DTL4 FC

| wa ﬁ S EIEIREN -

* DTL1-4 powered.
e MEBT and DTL2 FCs at their nominal locations.

* Temporary shield wall + DTL4 FC with shielding at DTL5. Temp shield w136||
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NC linac commissioning configuration f\ cuRopea

(updated)

ISrc - MEBT, DTL1

MEBT FC DTL2 FC

ﬂ ﬁ DTL1 DTL2 DTL3 DTL4 DTLS

* DTL2-3 not installed. DTL4 installed but not powered.
* DTL2 FC placed right after DTL1. (With shielding?) ]
«  Temporary shield wall at DTLS. Temp shield wall

ISrc - DTL4 MEBT FC DTL2 FC DTL4 FC

| wa ﬁ S EIEIREN -

* No change from the baseline.

Temp shield wall
17
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Limits during the NC linac commissioning gg;g;s;;gN

(ESS-0118232 under revision)

* This configuration (FC shielding + wall) Courtesy of K Batkov
allows the NC linac beam and SC linac
installation in parallel.

* Prompt dose limit:

— 3 uSv/h (supervised area)
— Averaged over 1 hour

* Limits in dose and FC itself are comparable.
If either is missing, the beam very limited.

FC Energy | Ave curr lim Probe lim Slow-tuning lim Fast-tuning lim
[MeV] | [nA] [min/hour] [min/hour] [min/hour]
22 8.8 - -- --

DTL4

40 3.0 = 57 41
57 1.4 = 26 19
74 1.2 = 23 16

DTL2 22 8.8E-3 17 0.1 0.1
40 3.0E-3 6 0.0 0.0

18
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No special configuration after the NC linac ggm\gw

commissioning

Target

Tuning dump

* The beam is stopped with internal beam stops, tuning dump, or target.
— The tuning dump could bear with the 2.86 ms pulse but only at 1/30 Hz (12.5 kW).

* Only available number of cryomodules change over time.
19
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Summary i

* Status of planning beam commissioning activities and their sequence:

— For the ISrc-LEBT stage, the developed plan is being executed and also
updated to adopt to situation.

— For the NC linac stage, plan is being detailed.

— For the SC linac stage (starting in ~2.5 years), due to a resource limitation, we
only have very high-level plan (and studies).

* The schedules of the stages beyond the ISrc-LEBT are aggressive but using
internal and permanent beam stops and diagnostics allow to come back
and repeat the process in any given point, later.

— On the contrary, the ISrc-LEBT stage is unique.
* Onelesson learned so far:

— All the reviews on ISrc and LEBT were focused on installation, testing, and
safety, but performance related issues deserve more attention.

* One example is the re-design of the LEBT chopper.
— We could either expand scopes of reviews or introduce another platform.

20



( ; \ EUROPEAN
SPALLATION
SOURCE

Backup



Simple and or standard tuning :zﬁ;zzm

Standard linac/beamline tuning, For beam transports and RFQ, many
requiring a dedicated application: adjustments are done with a simple
* Linear optics verification parameter(s) scan:
— Polarity check * LEBT
— Beam based alignment — Iris verification
— Trajectory correction — Chopper verification
* RF phase and amplitude setting * RFQ
* Transverse matching with 3+ profile — Amplitude scan
measurements — Matching with LEBT solenoids scan
* MEBT
* Online beam physics application and — Chopper verification
diagnostics devices are keys to — Collimator positioning
efficient beam commissioning. « A2T (including dogleg)
e Further details on tuning were — Achromatic condition verification
presented in the past conference, — Cross-over point verification

workshops, and reviews. — Raster verification

22




Could-be-challenging tuning % EEEQQE?SN

(Excluding operational challenges such as protection)

* |Src optimization

— Unlike H- machines, we need to balance the current and beam quality.
e Optics tuning of the non-periodic MEBT
* Twiss and emittance reconstruction with a quad or cavity scan

— Space charge and beam loss require extra care.

* Matching at the frequency jump

— Frequency jump at the SPK-MBL interface is the weakest point of our linac and
requires a smooth matching. But, there is no nearly direct longitudinal
measurement.

* Beam loss mitigation
— We don't have the obvious beam loss cause of H- stripping.

23
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Permanent tank
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