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SNS Linac Structure
SNS H- linac ToRing

402.5 MHz 805 MHz
I T I ‘I I I Linac dump
Ton Source 2.5 MeV 86.8 MeV 186 MeV 391 MeV 1GeV
p=0.55 p=0.71 p=0.87

Length: 330 m (Superconducting part 230 m)

Production parameters:

Peak current: 38 mA

Repetition rate: 60 Hz

Macro-pulse length: 1 ms

Final Energy: 940 MeV (1000 MeV design)
Average power: 1.4 MW

SCL Diagnostics:
BPM - Beam Position and Phase Monitors through the whole linac
LW - Laser Wire stations, 9 stations in SCL — Transverse Profiles
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Rationale

| will talk only about RF parameters (amplitudes and
phases) setup procedures. The magnets parameters
usually are the same from the previous setup.

* In the recent past, the SNS linac RF setup usually took:
— Warm linac (14 cavities) - from 4 to 6 hours
— SCL linac (81 cavities) — from 6 — 8 hours

* Problems:
— Setup procedure need a constant attention. Stress level is high
— Human errors are very likely
— Accuracy and repeatability were unknown
— Different setups studies are prohibitively time consuming
— In a case of some equipment replacement the fast retune is needed

e Solution: automation
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SNS Linac RF Setup Algorithms

* Different Algorithms:
— MEBT - RF rebunchers are single RF gap cavities
— DTL1 - does not have BPMs inside the tube
— DTL2 — CCL4 — have inner BPMs
— SCL - 81 cavities have 6 RF gaps each

« XAL Applications:
— Warm Linac Setup Wizard
— SCL Setup Wizard

All algorithms are based on BPMs’ signals
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The Measurement Technics

RF Reference Line
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By using the BPMs phase signais we have to set the cavity’s phése and
amplitude according to the design.

A short cavity example:

“Sine”-like shape of BPM'’s phase vs

cavity phase

For a cavity with many RF gaps this
dependency is more complex.
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SCL BPM15 Phase vs. Cav01a Phase. 2011.11.20

* BPM15 Phase
1st Hamonic Fit
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MEBT Rebunchers Tuning (1st Step)

Warm Linac RF SetUp Wizard - /home/shishlo/tmp/oooooo/2014_11_01_mebtl-2_38mA_3mp_v6.wiwz*
File Edit Accelerator View Window Help
“ Initialize All H Restore Init -= EPICS || UnBlank All Cavs ‘ | MEBTL rTune Params. |
-Cavities' Parameters I 360 deg. scan params: Phase step=30 sleep time[secl=[15 Min BPM ampitudelmAl=|1
MEB(E;Uity ggle:]iq”(deg) u‘lgigkalu' 5 ;p;itg(deg) ul:‘anewa'u' 711§gelg(deg) Min Cav. Amp=[0.105 | Max=[0.455 | N amp. scan steps=2 Live Ampl.=(0
EES¥§ :ggg gi;; 5_1570‘?%8 ggég '107;5'0 Around -90 deg scan params: Phase Scan width[degl=|30 Phase stepldegl=|3
MEET4 -90.0 0,610 -16.0 0,000 0.0 BPM Rel.Po..| Sine-like ...| Use for SetUp | Show ||f Sine Like Scan rAmpI. and Phase Scans r Cav. Amp. Calibration
DTLL -45.0 0.000 0.0 0.000 0.0 ) ™ Wl ™
e EEW 5000 o0 0000 oo :Eggﬁ:gg g;g; ¥l ¥l % Os OL 360 deg Caity Phase Scan: BPM Phase
DTL3 32.4 0,000 0.0 0.000 0.0 VMEET:BFML0 | 1.648 O 0 = 80 = =
DTL4 317 0.000 0.0 0.000 0.0 MEBT.BPMLL | 2412 O O v e o : -
DTLS <Lz 0.000 0.0 0.000 0.0 MEET.BPM14 | 2,918 O O ¥ |2 -100 \ P B
DTLE -34.0 0.000 0.0 0.000 0.0 — — — = X - .
ccll -30.9 0.000 0.0 0.000 0.0 % iy j /
ccLz -30.8 0,000 0.0 0.000 0.0 | Re-Analyze Scans £ 120 7 A
CCL3 -30.7 0.000 0.0 0.000 0.0 . ; 13 . -
ccLa 29.3 0.000 0.0 0.000 0.0 Min. acc. phase[deql- 93,256 [l & — o
Max. acc. phase[deg]= -81.995 | ! ‘ -
Start | Start Selected Cavs H Stop | 2 Simulation | EE X IR 175,61 | /
: Err. Zero acc. phaseldegl= 0.40032 | 200 100 A 0 ‘ 100 200
LD St""t'-'5:|'\"°t running. Max energy gainlkeV]= 79.299 | ———— o .?.!.SE.!.‘..[. .E.J.‘.;] ................................................
s QL 380 deq Caity Phase Scan: BPM Amplitude
i a0
=
.
] il
2 -
TEL 20 —~ -
<L
=
o
7]
10
-200 -100 a 100 200
Cav Phase, [deg]
Time: 11.07.14 10:40 | ,/
 Two step tuning Region of interest
. . O 171 . 1) | . I .
- First step: full 360° scan and a “sine”-wave analysis. It gives us an
approximate position of a “zero-acceleration” phase
« Second step: amplitude and phase scans around the guess phase
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MEBT Rebunchers Tuning (2st Step)

Warm Linac RF SetUp Wizard - fhome/shishlo/tmp/ooo06006/2014_11_01_mebtl-2_38mA_3Smp_ve.wiwz*
File Edit Accelerator View Window Help
| Initialize All || Restore Init -> EPICS || UnBlank All Cavs gzl rTune e, |
Cavities' Parameters 360 deg. scan params: Phase step=|30 sleep timel[sec]=|1.5 Min BPM ampitude[mA]=|1
Cavity | Pumsignl@e)| A | igldea) | A au | 9.deg) ||| _ _ = . N
T il e EEHE e ST Min Cav. Amp=[0.105 | Max=[0.455 | N amp. scan steps=|2 Live Ampl.=
:Eg% 288 83;3 ?570?‘73 ggég '1076‘0 Around -90 deg scan params: Phase Scan widthldegl=(30 Phase stepldegl=3
l;_lrEfile igg ggég 7106-00 gggg gg EPM Rel.Po..| Sine-Like ...| Use for SetUp| Show |’Sine Like Scan |’Amp|. and Phase Scans r Cav. Amp. Calibration |
-45. . : . : MEET.BPM04 | 0.147 [v] 2 v Cai "
L] L4 L] s L aity Amplitude & Phase Scans: BPM Phases
DTL2 33.4 0.000 0.0 0.000 0.0 MEET:BPMOS 1 0.908 Ll N o 1es @ ¥ Amp
DTL3 -32.4 0.000 0.0 0.000 0.0 MEBT:BPM10 1.648 O 0 O -107.4
DTL4 317 0.000 0.0 0.000 0.0 MEBT:BPMLL | 2.412 O 0 O -
DTLS 317 0.000 0.0 0.000 0.0 WEBT.BPM14 | 2.018 0 m 0 110
CTLE -34.0 0,000 0.0 0,000 0.0
CCL1 -30.9 0.000 0.0 0.000 0.0 o 112.8
ccLz -30.8 0.000 0.0 0.000 0.0 Re-Analyze Scans g
ccLs -30.7 0,000 0.0 0,000 0.0 - = 1157
ccLa 29,3 0,000 0.0 0,000 0.0 Min. acc. phaseldegl- 93.256 @
| N m
;-iax. acc. p:asei:eg;— f;::? £ 1184
ero acc. phaseldegl= -175.
Start ‘ Start Selected Cavs. || Stop | ) Simulation o o E
Err. Zero acc. phase[degl= 0.40032 @ 151 2 ]
Loop status:|Not running. Max energy gainlkevl= 79.299
-124
1z&7 T T T T
-188.1 -181.6 A TS -168.6 -162.2 -155.7
Cav Phase, [deg]
Os QL Caity Amplitudle & Phase Scans: BPM Amp.
e — = == -
gg _-_I T T
-180 -180 170 -1a0 -150
Cav Phase, [deg]
Time: 11,07.14 10:42 |

* The “crossing point” search algorithms improved (linear fits first)

* The slope gives us the absolute value of the maximal energy gain in the
cavity

* The user can choose the BPM for this step

* The known problem: different BPM gives different results (10-15 deg)
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DTL1 Tuning. Warm Linac Wizard
360° Scan (1st Step)

Warm Linac RF SetUp Wizard - /home/shishlo/tmp/oocoooo/: 11_17_dtil_32mA_3mp_v3.wiwz*

Edit Accelerator View Window Help

DTL1 |/Tune Params. |

| Make Guess | analyzepasta | stop |

“ Initialize All H Restore Init -> EPICS H unBlank All Cavs | ‘
- Cavities' Parameters 7360 Deg. Scan
Cavity | Paesign'd2@) | Ajza-u. ;aldeg) Aaau | oo (deg) [Phase step=[15 sleep time[sec]=|2.2 |
MEBTL 90.0 0.455 174.4 0.000 0.0 PASTA Scan and Analysis
MEBT2 -90.0 0.314 -167.5 0.000 0.0
MEET3 90.0 0.420 1571 0.000 0.0 Min Cav. Amp=[0.18355 | Max=[0.15297 | N amp. scan steps=2 | LiveAmpl.=0 | |
MEBT4 -90.0 0.610 7.9 0.000 0.0 A a a o
e 250 0188 e 0184 SEEN Cavity Phase Scan Widthldegl=20 | Phase stepldegl=2 | Min BPM ampitude[mAl=1 | |
g%g gg: gggg gg gggg gg Model Fit: From phaseldegl=-134 | to phase [degl=-104 | fit points=20 | Fit time[secl=|20 | |
OTL4 -31.7 0.000 0.0 0.000 0.0 pDMe Tahla.
OTLs TN 0.000 00 5.000 00 [ BPMs Table DTL:BPM203 Amp Scan | PASTA Phase Diff Fit | PASTA BPMs' Phase and Amp |
OTL6 34.0 0.000 0.0 0.000 0.0 ElFLY RIS Dl || 210 Steam || PR USE || = mTa 360 deg Caity Phase Scan: BPM Amp
ccll -30.9 0.000 0.0 0.000 0.0 DTLBPMZ203 |4.577 -
ccl2 -30.8 0.000 0.0 0.000 0.0 DTL:BPM20S | 5185 ]
cCL3 -30.7 0.000 0.0 0.000 0.0 7\ A e 1
r f
PM’s 203 Amplitude
| 360degscan | pastascan | stop | p "
Start | Start Selected Cavs. ” Stop | () Keep Init Params. Scan Progress—| 0%
rPASTA Fitting Parameters ————————————————— "
Loop statu5.|NUt running. ‘ [ e Valle U r \
Cav. Phase Gue... |-116.99 ] \
Input Ekin [MeV] 2.4999 [¥] I \
Cav. Ampl. Scale...| 6.130998 [v] 20 \
rPASTA Results _
Farameter Walue Design [:“f \
Cavity Phase[deq]|-116.99 =
Cavity Amplitude | 0.1843 % l \
Input_Ekin [MeV] | 2.500 2,500 +-0.015 <
Qutput Ekin [MeV]| 7.523 7.524 +-0.036 E
& /|

Fitting Progress— 0%

2
PASTA Err[degl= 1,3983 N I \
/

| setamp. and Phase to EPICS /
\ /
N ey

-200 00 aQ 100 200
Cav Phase, [deg]

Time: 11.19.14 16:13 | / N\,

Z N

Half-height front position A guess for cavity phase
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DTL1 Tuning. Warm Linac Wizard
PASTA Scan (2"9 Step)

Warm Linac RF SetUp Wizard - /home/shishlo/tmp/oooooo/2014_11 17_dtil_32mA_3mp_v3.wiwz*

le Edit Accelerator View Window Help

|| Initialize All H Restore Init -> EPICS H uUnBlank All Cavs | |I DTL1 rT"'"E Params. ‘
rCavities' Parameters ([ Sl
Cavity Pdesigntde@) | Aa.u. P;ildeg) LT @ ,ldeg) [Phase step=[15 sleep time[secl=|2.2
MEBTL 90.0 0.455 174.4 0.000 0.0 PASTA Scan and Analysis
MEBT2 -90.0 0.314 -167.5 0.000 o0
MEBT3 50,0 0,420 157.1 2.000 00 Min Cav. Amp—[0.18355 | Max—[0.19297 | N amp. scan steps=2 Live Ampl.=0
MEBT4 -90.0 0.610 -7.9 0.000 0.0
DTLL 5.0 0.188 S038 0.184 3170 Cavity Phase Scan Width[degl=|30 Phase stepldegl=|2 Min BPM ampitude[mA]=|1
g?ﬁ ggj gggg gg gggg gg Model Fit: From phase[degl=|-134 to phase [degl=|-104 fit points=20 Fit time[sec]=|20
g%g gi; g'ggg 8‘8 g'ggg 8‘8 | BPMs Table { DTL:BPM203 Amp Scan | PASTA Phase Diff Fit | PASTA BPMs' Phase and Amp |
DTL6 34.0 0.000 0.0 0.000 0.0 HER Rel.Pos [m] | 360 Scan | PASTA Use [~ "~ PASTA Scan: DTLEPM209 and DTLBPM203 phase diff
ccl 30.9 0.000 0.0 0.000 0.0 DTL:BPM203 | 4.577 a
cclz 30,8 0.000 0.0 0.000 0.0 DTL:BPM209 |5.185 =]
CCL3 -30.7 0.000 0.0 0.000 0.0
ccLa -29.3 0.000 o0 0.000 o0 ‘
360 deg Scan PASTA Scan STOP
[ gScan | _sTop | — -
Start | Start Selected Cavs. ” Stop | ) Keep Init Params. ‘5':3" Progress= 0% \ / .
r PASTA Fitting Parameters S —
. —
Loop status.‘Not running. Parameter Value Use o | S— \\ // |
Cav. Phase Gue.., | 116.99 ] - // -
Input Ekin [MeV] 2.4999 [v] o
Cav. Ampl. Scale... 6.130999 vl | Ll T
> —
rPASTA Results g ,)
=
Paramster Value Design ; / \F“\\
Cavity Phase[deg]|-116.99 o
Cavity Amplitude | 0.1843 % 20 "'-_._\
Input_Ekin [Mev] | 2.500 2,500 +-0.015 E —
Output Ekin [MeV]| 7.523 7.524 +-0.036 o
@
k =
i >
| Make Guess | Analyze PasTA | stop | ||& vd
Fitting Progress=| 0% //
PASTA Errldeq]- 1.3983 | ‘/
-30 7
| Set Amp. and Phase to EPICS ‘ /
| Generate Simulations |
y
A0 2
-140 -130 3 -110 -100
Cav pMase, [deg]
Time: 11.19.14 16:12 ||

PASTA — Phase and Amplitude Scan Found cavity phase
and Tuning Algorithm (Fermilab ->

Galambos, XAL)
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DTL2-CCL4 Tune Up Method (15t Step)

DTL2 RF is On DTL3 RF is Off DTL4 RF is Off

- (BPM203) (BPM209| > (BPM302) (BPM308 | > [BPMA03] (BPM409)| >

Os oL 380 deg Caity Phase Scan: BPM Phase 360 deg Caity Phase Scan: BPM Phase
100 I
~—~__| 32 mA peak current |
N\ .
f 500 ~
., Y l:’ .
/. \ 500 {
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i} / Ty g f
g Wi g / \
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-100 -100
-200 -100 o] 100 200 -200 -100 a 100 200
Cav Phase, [deg] Cav Phase, [deg)
Os oL 380 deq Caity Phase Scan: BPM Amplitude s oL 360 deg Caity Phase Scam: BPM Amplitude
25 A 20
R A v 3
& L= y W ©
& Je— r » - & Y 7~
g 2 o~ S 10 », s
£ = F E h Y
< 22 £ B W
= ™, ~ =
& 21 S —— g L
20
. .. | Red — Open XAL Model| ...
Caw Phase, [deg] e Cu rve e n O e Cav Phase, [deg]

* Two step tuning

 First step: full 360° scan and a model-based analysis for BPMs
Inside the cavity. It gives us a guess for the cavity phase

« Second step: traditional PASTA scan and analysis
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DTL2-CCL4 Method (25t Step - PASTA)

BPMs Table
BPM
DTLEPM203
DTL:BPM209
DTL:BPM302
DTL:BPM308
DTLEPMA03
DTLEPM40T

Rel.Pos.m] 360
| 0.305
0.912
6.543
[ 7.556

el ]
)

13388
12,658

i 360 deg Scan

Scan Progre

T2

PASTA Scan STOP

Scan | PASTA @1 | PASTA #2

v
3}
[
v
v
v

Use

PASTA Fitting Parameters

Paramater |
Cav. Phase Guess[deg] 165.13
Input Ekin [MeV]
Caw. Ampl. Scale Coeff, | 6.317248

PASTA Results
Parameter

Cawity Phase
Cawity Amplit

[deg]
ude

Input_Ekin [MeV]

Qutput Ekin

[MeV]

Value

| 7.4887

Value
1165.13
| 0.4831

Design

| 7.489 1 7.524 +.0.036

122501 [2z2.854

| Make Guess Analyze PASTA | STOP

Fitting Prog
PASTA Errll

+-0.043

BPMs Phase Diff, (deg]

( Full 360 deg Scan | PASTA Phase Diff Fit | PASTA BPMs' Phase and Amp |

Os O PASTA Scanc BPM #1 and BPM £2 phase diff

ress=|

degl=

2.7572

Set Amp. and Phase to EPICS

Generate Simulations |

-140

<150

160 1

-170

180 4

-190

T T
150 160 170
Cav Phase, [deg]

Full 360 deg Scan | PASTA Phase Diff Fit | PASTA BPMs | Cav. Off BPMs |

BPMs Phase Diff, [deg]

Js ®u

PASTA Scan: BPM #1 and BPM #2 phase diff

100

Legend
—e— Diff Amp= 0.620
— Diff Fit Amp= 0.620|
—e— Diff Amp= 0.612
e Diff Fit Amp= 0.612]
—e— Diff Amp= 0.604
— Diff Fit Amp= 0,604]]
—eo— Diff Amp= 0.596
— Diff Fit Amp= 0.596]

-100

T
130 140

T T
150 180
Cav Phase, [deg]

170

180

DTLA4

%

DTL2

The agreement is
different for different
cavities
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Warm Linac Tuning Experience

« Isttest In December 2014

- MEBT scans give different results for different BPMs.
They are not very stable. Cavities’ phases can move
about +-10 degrees at the MEBT4.

 DTL1-CCL4 scans are repeatable within a few degrees
for phases and less than 1% in amplitudes.

* For some cavities the model (XAL) - measurements
agreement is not perfect. The fields in these cavities
could be different from the model.

* The setup time was 56 minutes (vs. 8 hours) without
human intervention.
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SNS SCL Setup Procedures

» Setup Procedures for SCL Linac:
— RF Cavities Scans (15t Step):
« Amplitudes are fixed.
- Synchronous phase for all SCL cavities are -18° .
« Phases are setup by phase scans

— RF Cavities Analysis of Scans (2" Step):

 Perform the timing calibration of all BPMs (using ring). After that we know the energies

everywhere.

 Find the parameters of the model for all SCL cavities for a possible future scaling.

— Quads - setup field gradients (historic data + empirical loss reduction)

— The final step includes tweaking the warm linac parameters
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SCL RF Cavities Phase Scans

RF reference line

bz ol

Vs v ——
BPM 1 BPM 2

RF

* RF Phase Setup by Time Of Flight measurements

* No model involved, only a “sine”-like curve
analysis
* No need for BPM timing calibration before the scan

SCL BPM15 Phase vs. Cav01a Phase. 2011.11.20

2000 = BPM15 Phase
] 1st Hamonic Fit
] value Error
13500 H |yo 522 0570 25342
] |xc 32 7328 016445
1 (A 1240 442 358013
= 1000 ~
[«F] p
-
ar ]
m —
2 500 +
= E
o
=
(o
[an]
-500
-1000

-180 -150 -120 -90 -60 =-30 o 30 6
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BPM Timing Calibration: Phase Offsets

index

o

OO ~NO OOl WN

15
16
17
18
19

BPM
SCL_Diag:BPM23
SCL_Diag:BPM24
SCL_Diag:BPM25
SCL_Diag:BPM26
SCL_Diag:BPM27
SCL_Diag:BPM29
SCL_Diag:BPM30
SCL_Diag:BPM31
SCL_Diag:BPM32

HEBT_Diag:BPMO1
HEBT_Diag:BPMO02
HEBT_Diag:BPMO03
HEBT_ Diag:BPMO04
HEBT_ Diag:BPMO05
HEBT_ Diag:BPMO06
HEBT_Diag:BPMO7
HEBT_Diag:BPMO08
HEBT_Diag:BPM10
HEBT_Diag:BPM11

Position , [m]

93.691
101.579
109.47
117.366
125.253
141.038
148.928
156.817
164.71
172.545
176.545
180.545
184.545
188.545
192.545
196.545
200.545
208.545
212.543

Phase Offset, Deg
34.69
33.26
26.45

30
-150.98
-170.8
-170.28
9.62
8.57
-45.15
-43.77

31.78
34.88
-150.83
24.09

Err., Deg
0.28
0.26
0.29
0.2
0.21
0.17
0.15
0.11
0.1
0.18
0.15
0.13
0.19

0
0.17
0.15
0.18
0.19
0.22

We can clearly see several groups of BPMs. After calibration
the energy measurement accuracy is about 50 keV.
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The SCL Automated Tuning Experience

* Now it takes 32 minutes instead of 6-8 hours.
- Can analyze the existing settings.

* The data can be used to extract longitudinal Twiss
parameters at the entrance of the each cavity.

* The stability of the scan results can be checked.

On the next slides we will discuss some results.
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“Scan to Scan” Stability

« 4 back-to-back scans 0-1-2-3

 All results are different

* No differences in beam loss

« All are a good start for tuning

-154 | @ Scan#l-#0 * &
] e Scan #2 - #0
® Scan #3-#0

20 +rrrrrree e R R L A AR ARt IR e e S R ER I IR T A TR AR RE RET R AR AR RE A RR TR TRL

0 10 20 30 40 50 60 70 80 90
Cavity Index

0 We do not know the cause yet.

U Based on the time scale, we believe that it is related to the tunnel
temperature oscillation.

O The effect has zero effect on our tuning strategy.
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SCL Cav. Synchronous Phases -
Production Values for Low Beam Loss

S RARARRAAN RARARRAAN RAAARRAAR ARAAAARSARRSARSASRARARSSAAN RAARRARARS RARRARRS ]
] ® SCL RF Phase Shift 2014.03.04 . o
| ® SCL RF Phase Shift 2014.04.08 b o
01 e SCL RF Phase Shift 2014.05.04 I
i o ° "
- o %, ° 3
-9 7 $
] o * °
[ ]
_ B Qoo
o, -10 . ;i %
@ ] o 30
o) 1ge o @ g00 s °
Loasle =3 o oot ¢ ?
& 1—%;%?. o's, ° 4 .
J i (4 [ ) [ J o ..“ ®e
_‘_.: .§ $ '._‘. . -
20 4 Q L o ‘A °
] e O“ ® o °
° ° r‘ o°® °
1 o ¢ °® .'
-25 ] ‘
30
0 10 20 30 40 50 60 70 80

SCL Cavity Index

Clearly, there is a structure.

The SNS Linac was
tuned up in Feb. 2014.

Phase shifts -18° for all
SCL RF cavities.

On the left are the
measured production
synchronous phases.

We are far from design.

Beam loss is good.
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Energy Tracking: XAL Model vs. BPM

AE, MeV

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

-0.1

0

10

May be our XAL model for cavities is not perfect, and we have to

s

we
®

9

o P
&
& ®

20

Med. Beta Cav.

30

® | ® E_.-E. o 2014.06.27

¥ o E_ -E. . 2014.03.09

High Beta Cav.

40 50 60 70 80 90
Cavity Index

pay attention.

That is experiment results vs. one particle model tracking!

e Model parameters of each RF

cavity are from scan data

one lattice

A good case for the code benchmark!
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o After that they all combined into

o Track energy through this lattice
e Compare to the BPMs data
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Results of “Z” Twiss Analysis
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Conclusions
* The total RF setup time for the SNS linac was
reduced to about 1.5 hour (2 buttons setup).

* The exposure of the SCL part to beam loss was
significantly reduced.

* The setup procedures still need a human attention
during the automated scans and analysis, but the
stress level is reduced significantly.

* The procedures now are well defined and
formalized.

* All results can be easily saved and reviewed offline.
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