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Introduction: ga?ﬂ/

Phase 2A HIE-ISOLDE project:

= Additional cryomodule (CM3)

= Additional HEBT line (XT03)

= Modification of the XT02 HEBT line

Phases of the HIE-ISOLDE project
( ) Layout after Phase 2A
Phase 1A 1B 2A 2B
Completion in: 2015 2016 | 2017 2018 T2 exiension
# cryomodules 1 2 3 4 (2017)
# HEBT lines 2 2 3 3 XT03
E__[MeViu] (Alg=25) 56 86 | 115 | 14.2 s | [ (2007) ] 4\
E,.x [MeV/u] (Alg = 4.33) 4.4 6.1 7.9 9.6 '
———/
End Tunnel
e .
P é " 1“‘
e Lo L o PO TS
".'_-l‘a_‘-"_ fisi 1 ._"g-_‘.]|:.‘-":,.'\-.=:..’¢-"
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Beam Properties: A/g )

Before 2016:

= Nominal minimum: A/q > 2.5

= Nominal maximum: A/q < 4.5

Since 2016:

= Nominal minimum: A/q > 2.5

= Nominal maximum: A/q < 4.33
= Several REX amplifiers not reliable at the power levels needed for beams with A/g = 4.5

= |Impact of the change in specs is limited (needs to be analyzed case by case):
« Some light beams are not possible (ex: °Li%*)
« Charge breeding efficiency for some heavy beams could become lower (by a factor 2-4)
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Beam Properties: Time Structure i)

I n 2 O 1 6 : 100 - n Fa =——Slow Extraction - Si Detector

= Slow Extraction - MCP
=—Slow Extraction - MiniBall

= Repetition rate: up to 50 Hz

E 80 - \\ — Fast Extraction - MCP
= RF Pulse length: up to 1 ms - Beam g
Pulse Length ~ 0.7 ms (with slow g o
extraction) E
T 40
= Average power in 9gap < 2.5 kW ’-g
E 20
00 160 200- ‘ 3;]0 41-]'0 Sﬁﬂ 6'I:.I'l] TII](]' Sll}l]
Expected for 2017: Time [ps]

= Repetition rate: up to 50 Hz

» RF Pulse length 2 ms - Beam Pulse Length ~ 1.7 ms
= Heat exchangers installed during the technical stop
= Bertronix was at CERN on wk. 7 and make the
necessary modifications
= Average power in 9gap < 2.5 kW

= Spokesperson should inform OP if slow extraction is
needed in advance (typically, a couple of hours are
needed to set it up)
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Beam Properties: Energy and Energy Spf€

.00 . 16.0
Highest beam energy for 50 MV/m ——CM4
e| average gradients 5.5 MV/m 14.0 cM3
11.00 —8—5.0 MV/m —o—
4.5 MV/m 12.0 —Q—Emi
10.00 —0—4.0 MV/m
= 510.0
> 9.00 %
= 2 80
= s
§ 8.00 g 6.0 .\
7.00 4.0 —¥——=0—9
Highest beam energy (assuming all
6.00 2.0 cavities at 6MV/m) for different A/q
2:00 O'0250 275 3.00 325 350 3.75 4.00 4.25 4.50
250 275 3.00 325 3 3.75 4.00 425 450 ' ' ' ' ' ' ' ' '
In 2016: A Ao
= Two cryomodules installed
» Dedicated energy measurement (~ 4 hours nee
In 2017: —
_ 1 mm Silicon
» Three cryomodules installed vertical detector

= A new timing class for the time information of the
Si detectors has been developed and
commissioned All quads and

» Dedicated energy measurement (~ 1 hour steerers off
needed)

= Energy spread optimization may be possible

eeds to be requested in advance) = = 22
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Beam Commissioning: Si detector at XLI@

= Silicon detector at XLN2 used during the beam commissioning campaigns in 2016 and 2017
= A1l mm diameter collimator normally used in combination with the Si detector
= Measurements with the collimator masking different areas of the detector carried out

Energy and energy spread with

—1 collimator at different locations
- - - . —75 mm
: —77 mm M . . oy
| —— 75 | = Signs of degradation of the Silicon detector
o e at XLN2 observed:
1 1 — - Energy spread artificially increased
_________________________________________ i » Offset in absolute energy measurement
I S SO ) AR 1 S W S S 1 XLN2
g Diagnostics
980 1000 Box
- hadd
n — - & J U
Z s 218 T2 2
2 =INF-l =5
=2 2 8
A om =
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Beam Commissioning: Count Rat

HREXTOF version 0.3.7 Launcher Load Watch Dir

= New low-level controls (FESA class) — —

Device Selection ChannelSetting ChannelAcquisition

Tl me Of FI | g ht partlal |y comm ISS I on ed 7 [ HREXTOR_DU cfi-170-brextof Property Value (80 b)- Sun Jun 25 23:02:58 CEST 2017

GD_D959238E .
HREXTOFAS0 & [v] active_channel array-bool

(channel settings and particle count 2 § (& O ramtpostave_siope faray-oue
rate) ] e—— -
= Commissioning of the bunch time Ya P lld0ommmame - oc
structure still pending 5 _
Property Selection (dbl- dk = new) Al |viewers- - Global tab 2

z
* Channelsetting

-

Table view on HREXT 0F390&null:ChannelSetti- =] Table view on HREXT0F890&null:ChannelSetti-

5l Inciex [0 1111
= High-level application to use the T

Device HREXTOF890

Si detectors as very low current ote o | Sl _
FC commissioned

Insert Transpose Insert Transpose

[ * REA: no woken history

& @

. 01.0400 v| cLen | Ave S0 XT01.0400 w| cLEAR | Avg 310 Bzl J
100
Beam Intensity during a
beam energy measurement

17,00

Measurement of the low-
frequency jitter in energy
of the beam

I
625
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Beam Commissioning: Energy Scan ()

NS

= Energy and energy spread of the beam can be carried out using the count rate measured
at the Silicon detector at XT01.0400 after the first dipole magnet

Energy Scan after set-up of Energy Scan after set-up of 9gap
7gap3 was completed was completed

HE o
Flot o
Piot 1 [

HE v
Plot0 [
ot 1 [

L '
282 283

‘ ‘ : Eneray [Meli] ‘ i :
1z 1525 15 1535 154 1545 155 1555 172,001 1725 173 1735 174 1745 175
Current 4] Current [4]
[%To1BSD.0400 -][%To1RE mnn _| A/q 7[3.500 oa 12:54 &M : Set Current to 155,390 N [%T01.B30.0400 <][T01RE0T00 =] A/q 5/3.500 m 41 27 PM Data saved m'tacﬂ a.fd takafolE,Beam,maqnosncsf =
S 512344 AN St Current 1o 155,360 Start 18] End [ 5| T oy

o o] Pl g 051334 A - 2t Conre 1 153 200 o L] e A P BrATE NS oo
1520 |dlisen  [Soos  [8li0 STHRT] 0 |05:12:24 &M - Set Current to 155,300 1720 |#[i7s0 |3 [55 | CstART ]| 0 014120 FM : Set Current to 175,000
03:12:14 AN : Set Current to 155.270 01:41:15 FM : Set Cun o 174.900

b farviavaidatalreniHIE_Beam_Diagnesties | {03:12:04 bt - 50t Current fo 125,240 = b iacciavaidataexsHIE_Beam_Diagnostics S| 101:41:10 PM : Set Current to 174.500 =

= The method works very well
* Can be used for low-intensity beams
» Can be completed in ~ 1 hour

 However, as with all measurements with Si detectors,
special attention is required to avoid damaging it

=  We will need to consider installing them in the | Allquadsand |
other two HEBT lines next year steerers off (T

JsoLde b A,

= J.A. Rodriguez — 79t ISOLDE Colladoration Comrk
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Beam Commissioning: Phase Scan ‘iw

NS

= Phase Scan can be carried out using the count rate measured at the Silicon detector at
XT01.0400 after the first dipole magnet

Rough Phase Scan to find the Fine Phase Scan to find the
| bunching zero-crossing of SRF02 | = bunching zero-crossing of SRF02

Beam Intensity

0- o PN

| ' 0 o ' ! | | ' | 0 ' | 1 | ' | ! 1 ' ' | | |

200 -180 -0 4140 -120 <100 -B0 -B0 40 20 0 20 40 60 g0 100 120 140 180 180 d2 o @8 %5 G4 22 0 -8 -6 -4 -2 -0 8 -5 4 2 0 2 & & & 10
Phiase

Phase

I ‘HEE)‘(SPSE FMEED‘ET(EB.EZE ?;155/2&'" waldatadrexsHIE_Beam_Disgnostics! ﬂ 12:23:28 PM : Data saved to: faccfava/datasexsHIE_Beam_Diagnostics! ﬂ
a0
|XLLZCAV2 ~|[<T01 B=D.0400 J START . 121551 PR Sell:urrenlt 176 000 \XLLZCAVZ ~|[%To7 B5D.0400 J START ! ngaz';aff”gl”gzz 112%3293000
Start [deo] End [oeg] Step o] 121547 EM Gt Eurrent fa 178.000 Start [deg]  End [deg] Step [deg] Set Current to
5 ay urs urrend 135313 & %o
C T R Q !J DGR 72120 S Cinent e 172000 IR T -l — iu_ . S £.000
iase Set Phass S:gg; :m ge: gurven“ :ZSSSS Phase Set Phase  12:22:59 PM : Set Cur rennoSUUU
et Curent to |B
& farciavaidatairex! “'“7” 180 ] 1151535 Pt -Gt Crrent to 166,000 =l i faucavarsatarext =l s | o | (B EN B e oo =l
= Unexpected behaviour observed:
.
° OCC38|Ona”y not second Zero-crossing
 Needed beam attenuation varies by several orders of detect

magnitude from cavity to cavity lits
» Distance between zero-crossing phases not always 180 deg

=  Additional work needed to understand the All quads and
sources of the issues observed steerers off

=

79t ISOLDE Collad
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Beam Commissioning: Phase Scan ‘iw

NS

» Phase Scan can also be carried out using the XT01.0400 FC after the first dipole magnet

* Due to the beam low current, focussing elements cannot be turned off and only one
slit (10 mm) before the FC can be used

* Injection to the dipole on axis is not guaranteed

Rough Phase Scan to find the Fine Phase Scan to find the

& REX RF Phase.vi 7 zero-crossings of SRF05 =@ [@rexarsReseviz] bunching zero-crossing of SRFO5 pg |z||
0.95- e 114 L

O e e = [ S 0} ) ) ] ] 3 ) g ) ] ] g 5 T !
MR -fn -0 140 <130 -0 60 -A0 -An #n 0 mm 4n  en @n 10D 10 140 180 180 s i -ibs E A . - 60 B B0 45 - - N
e e CRES e
11:24:47 &M - Data.saved lo- facclavaidatatexHIE_Beam_Diagnostics/ iI 1134.59 &M : et Current to -31.000 ﬂ
REX, Phisse 201710623 _112447 cov 11:3457 a1 | Get Current to -
[iLzcavs |[T01EFC0200 <] [ START | 1'r2dag at- set Corvent o 175 000 [tz cavs | srcnan o] [ START | 113455 A oot Corrent 1o -
Start [deg]  End [den] Step [deg] Aiin # 1 1 :33:33 :m : ge: gurren: {o :Zg ggg Start [deg]  End [deg] Step [deg] A # : : g: 319 im ge: Ewen' tn 2
ar " o u 24:42 &M et Current to o e " M ” -
E{EI C CEN - Heo | R )35 oot Conent o tog 000 NI I oo | (RN o i tio
112438 &M | Set Current to 155,000 1134:43 &M - Set Current to
; ] 1124555 AM et Carvent to 150 00 " @& 113447 b Set Corrent ta
4 s vaidatairesiHIE_Beam_Disgrostics B 1143 am: st Curent fo 150000 = %, s favakintaientHIE_Bsam_Diagnostios =] 113441 M Sat Cun

yent to -39.000 =l Farad ay
_ Cup
= Even though the measurements of the zero-crossing phases \

are less precise, they are a lot faster and less risky (Si detector
can be damaged) - At this point, it is the preferred method to
phase the cavities

10 mm vertical I

slit collimator

ISLX, |
un. 27t 2017

T -
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Beam Commissioning: Low Energy Bea @

ad

= Tunes for beams with A/qg = 3.5 to the end of XTO1 after each REX RF structure was set-up
= Precise energy measurement using the dipole for each tune
= Transverse beam profiles at each diagnostics box measured (data not yet analysed)

RF cavity RFQ |Buncher IH 7GP1 | 7GP2 | 7GP3 9GP
Energy [MeV/u] 0.29 0.3 1.185 1.53 1.88 2.23 2.82
XSEP.FC20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 |REX

XLN2.BFC.0300 0.81 0.80 0.80 0.79 0.79 0.79 0.79 |Long
XLN3.BFC.0300 0.88 0.89 0.90 0.91 0.92 0.91 0.95
XLN4.BFC.0300 0.90 0.89 0.91 0.93 0.92 0.93 0.96
XLN5.BFC.0300 0.88 0.89 0.85 0.86 0.84 0.85 0.86 |Short
XT00.BFC.0700 0.88 0.89 0.84 0.86 0.85 0.87 0.84
XT00.BFC.1050 0.90 0.86 0.82 0.81 0.81 0.84 0.84
XT00.BFC.1300 0.81 0.80 0.81 0.81 0.80 0.81 0.80
XT01.BFC.0400 0.73 0.79 0.82 0.81 0.79 0.80 0.76 |Long
XT01.BFC.0900 0.81 0.80 0.81 0.81 0.80 0.80 0.78

Transmission [%]

Conclusions:

= Low-energy beams can be transported without additional losses

= Beam losses in HIE-ISOLDE (ie. XLN2 to end of XT01) negligible or at the very least small
= Differences between different types of FC noticeable
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Beam Commissioning: Plan @)

Week 26:

= Phasing of cavities in CM2 and CM3 with 14N4* (E;,,; = 6.6 MeV/u)
= Scaling to A/g = 3.67 and 4.0

= REX-TRAP and REX-EBIS synchronization with 3°K from the pilot ion source
= Scaling to A/qg = 3.9

Week 27-28:

= Set-up for first RIB and Physics

Week 29:

= Scaling to A/q =4.33

Week 30-32:

= Set-up and Physics

Week 33:

= First beam to XT03

= Commissioning of all diagnostics devices

= Commissioning of the stripping foils
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First Beam to Users: ﬁw

NS
=  22Ne beam requested by Miniball users for testing and calibration last weekend
gJ REX Energy Scan L :..:..:..:..:..:..:nll E
Ion 22Ne6+ 5o,
Alq 3.667
HEBT XT01
Transmission ~72%
E 3.955 MeV/u
dEFWHM 0.25 % ‘_
Length -~ 60 hours i‘- - 385 3955 296 :
[Energy -]
Rep rate 20 HZ Ii-tra?:[E]SDE?&JIQTULRBD&E =l fradl5.6o7 m‘Bsr?engSc[a)n|zu1rud523tlaéﬂssgm e IHIE Boam_Diagrosticst iI
H2145 |#mss  [Eoos \é‘,li\l_smi- Bilgggm gtg :: ;gggg
e s @ B S ey -
= Both REX and the SRF cavities quite stable (1.5 trip/shift)
REX HIE . .
RF structure RFQ | 7GP3 | SRF02 | SRF04 Cavity | Pf [kW] Cavity | E [MV/m]
4 Trips 1 3 > 8 RFQ 32.8 SRFO1| 4.14
Downtime [m|ns] 15 0 10 40 Buncher 1.45 SRF02 4.14
Downtime [%] 0.4 0 0.3 1.1 IH 38.0 SRFO3| 4.14
7GP1 | 51.0 SRF04 | 4.14
= However, note that 40% extra power will be needed at 7GP2 50.2 SRF05| 3.22
REX for beams with A/q = 4.33 and that the gradient of 7GP3 |  46.2
the SRF cavities was not pushed to 6 MV/m 9GP 61.5
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Users/Machine Interface: )

Vacuum:

= Vacuum in experimental station of 10-°* mbar required before beam is delivered

= Valves between HEBT lines and the experimental station need to be closed before a
mechanical intervention takes place on the experiment side

= Users need to be granted access to open/close last valve in the HEBT line
(NICE usernames need to be provided at least a week in advance)

= Visual sign with the status of the valve needs to be checked

_ Usernames:
R 7T |M Sl  [— ISOLDE low energy: isoop

REX: rexop

|
|

u REX-VACUUM
N I

u HIE-ISOLDE VACUUM

REX01 (Low Energy)

ISOLDE low
energy

JsoLez
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Users/Machine Interfa

ce.

REX RF:

= All 7 RF Systems need to be working to reach energies higher than 2.8 MeV/u

=  Working Set: REX/HIE LINAC > Linac: RF

All REX RF systems ok

File Edit VYiew References Archives Commands Control Programs
+ | @ 25 Jun 2017 15:50:20 ISO - 02 SFTPRO1 | UNDEFINED

Help

' REA: isoop O &

®5 CR
JAPC view

REXRF Anp
XRF . RFQ

XRF . BUNCHER.

XRF.IHS

XRF.7GAP1

XRF.7GAPZ

XRF. 7GRS

XRF . THIGAP

9GAP Structure down

AN Ampl
2359 2396
1264 1215
1540 1525
1756 1661
1757 1675
1493 1493
2064 2056

Phase AN Phase

0.0 359.9
280.0 280.0
213.0 213.0
241.0 241.0
47.0 47.0
147.0 147.0
175.0 175.0

| File Edit View References Archives Commands Control Programs
+ | @ 20 Jun 2017 13:38:37 IS0 - 26 ZERO | UNDEFINED

Position TU...

3795
2915
1570
1993
2529
3179
2790

Position TU..

Help

' RBA: isoop ¥ &

ws OR O
JAPC view

REXRF
XRF . RFQ

XRF . BUNCHER.
XRF . THS
XRF . 7GAP1
XRF . 7GAP2
XRF . 7GAP3
XRF . THOGAP

AQN Amp1
2280

1163
1455
1589
1571
1481
14

Phase AQN Phase

0.0 359.9
280.0 280.0
216.0 216.0
237.08 237.0
45.0 45.0
155.0 155.0
237.8 237.0

= REX RF amplifiers need to be restarted locally (amplifier room)
= Users trained to restart RFQ, 7GAP1, 7GAP2 and 7GAP3. Procedure can be found in RF

amplifier room

Position TU...

3899
2BB6
1570
1583
2818
3167
2837

Position TU...
3163

4]

1679

4]

s}
o]
o]

-

= For the IHS, contact Engineer in Charge if standard procedure fails more than three times
= Procedure for the 9GAP not standard. Generally, the Engineer in Charge will need to be

contacted

FsoLde

J.A. Rodriguez — 79t ISOLDE Collaboration Committee Meeting — Jun. 27t 2017



Users/Machine Interface: )

HIE-ISOLDE RF:

X/ S

= Generally not all SRF cavities will be used for a given experiment (OFF = not used)

= Those that trip (STANDBY or READY) need to be restarted by users (up to 3 times in a row)

= |t takes a couple of minutes to complete the start sequence after the ON button is pressed

= Start sequence can be followed in Detail Status (message to logbook in restart not successful)

Cavity Status at STANDBY or
at READY after a trip happens

g

>
=z
2
=<
el
*
(=}

OFF STANDBY  READ

; ¥
<
sl
=
(=]

OFF ANDBY  READY C

F

n

OFF
AN

2
=<
=
=
(=)
=

ANDBY ~ READY
OFF

o
]
gE

T
5
b
®)

OFF STANDBY READY
OFF STANDBY READY
OFF STANDBY READY
OFF STANDBY READY
OFF STANDBY READY

J

.
§
N

A\
-
=< =<
ik i
Ul‘U
=< <
=

ANDBY  READY
ANDBY  READY

ANDBY READY

ON

ON
ON
ON
ON
ON
ON

ON
ON
ON
ON
ON

Status information (particularly
relevant during start sequence

All cavities in XLL2
(a.k.a. CM1) up and
running in this example

Cavities in XLH1 and
XLH2 available, but not
used in this example

Cavity
gradient

XLH3 (a.k.a. CM4) not
available until 2018
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Users/Machine Interface: )

Injection into Experimental Station:
= QOperations will only deliver beam to the last diagnostics box of the HEBT line
= Users are responsible for injection into their experimental station

*  Equipment array to steer and/or focus the beam
«  Version for users of the diagnostics application
+ Beam stop will be included in diagnostics application

«  Contact OP to add your FCs and active collimators to the application X-Y Steerer |
170633 1700 ToXT01.0900_Aq3.67_3.955MeVu_74%_USERS.csv B | 0 I\
jaccfjava/data/ fiso equiparray/rex/ files,/Setting 2017 /2017 06 23 22Ne6p_4.0Me? . 2} Diagnostics
OB Name Buffer CCV Value H AGN Value ‘ box
AAA AA fd
XTOLRQ.0600 3423 ccv 21.23a/AQN I:  21.283 Quadrupole
YYY ¥V H
as aa Triplet
XTOLRQ.0700 49.44 oy 41.244 A0N I: 41.24
Y¥YY ¥VY
Ahdh Ad
XT01.R.0B00 34.23 oy 29.23A AQN I: 29.23
AALA B AJ
AAA AA
XT01.RCH.0950 0.00 cy -10.00A AQN I: -10.00 el 2 . : X
YYY YY R i et T e ]
AAA AA = v C
XTOLRCY.0950 0.00 Y 4.004 AQN I: 4.00
yYyYVY ¥V¥
Beam stop controls
| Beam From EBIS On/Off | 1668.6 v

Faraday cup

IXT01 [ XxT02 [ XTO3 |

medfour |« rred Beam profile scanner
All On “ ouT i o.00 || .00
ovior [XTONGEOONM S s | wfor g Collimators (20, 10,
All Ont — | seem oLt - | 0.00 || 00d€ | 5,2 mm diameters)
l o FCs and active collimators in the
experimental stations
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Summary: @)

U Beam Properties:
= 25<A/g<4.33
= 0.1 ms < Pulse Length < 1.7 ms (needs to be requested in advance)
= Repetition rate < 50 Hz
= Energy and Energy Spread will be measured for each experiment

0 Beam Commissioning:
= Low energy tunes to the end of XTO1 prepared (80% transmission)
= Cavities in CM1 phased
= New low and high level controls tested:
« TOF FESA class
Count Rate application
« Energy Scan application
Phase Scan application

= Phasing of SRF cavities in CM2 and CM3 and scaling to A/q = 4 on-going
= Commissioning of XT0O3 on week 33
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