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PSB layout
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» 4 identical superimposed rings of 25m radius.
* Acceleration from 160MeV to 2GeV in ~0.5sec.

« Common injection and extraction line.
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PSB layout

* 4 identical superimposed rings of 25m radius.

* Acceleration from 160MeV to 2GeV in ~0.5sec.

« Common injection and extraction line.

« 16 periods (sectors), each with two dipoles, three

guadrupoles and a “straight section” for
adittional elements.
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PSB layout
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B-field (G)

4 identical superimposed rings of 25m radius.
Acceleration from 160MeV to 2GeV in ~0.5sec.
Common injection and extraction line.

16 periods (sectors), each with two dipoles, three
guadrupoles and a “straight section” for

adittional elements.

Magnetic cycle of 1.2sec. Beam injection at 275ms
and extraction at 805ms.
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PSB layout

10-Oct-2022 10:30:32
Comments (07-Oct-2022 11:53:24)

Supervisor: 5. Albright 167748
Operator: CCC: 76671

BP User Inj. Acc. b.Ej.E10 Ej.E10 Dest.

---ZERQ--- QOO0 0.00 0.34 BDUMP
---ZERO--- OOOQ0 0.00 0.07 BDUMP
EAST T8 2022 OO@O 5988 6037 EAST T8 22
---ZERO--- Q000 0.00 0.47 BDUMP
---ZERQ--- 0000 0.00 0.15 BDUMP

MTE 2022 _EM o®ee® 2464 2474 MTE 22
MTE 2022 _EM o0 0® 2465 2461 MTE 22
ISOGPS_2022 o®e0ee@® 1635 1611 BDUMP
---ZERQ--- 0000 0.00 0.37 BDUMP
EAST T8 2022 OOeO 6017 6146 EAST T8 22
---ZERQ--- QOO0 0.00 0.20 BDUMP

EAST T9 2022 QOO0 0.00 0.44 BDUMP
---ZERO--- BDUMP

-Y72udl o Message

4 identical superimposed rings of 25m radius.
Acceleration from 160MeV to 2GeV in ~0.5sec.
Common injection and extraction line.

16 periods (sectors), each with two dipoles, three
guadrupoles and a “straight section” for

adittional elements.

Magnetic cycle of 1.2sec. Beam injection at 275ms
and extraction at 805ms.

PSB is constantly cycled with different beams. The
cycles follow a predefined super-cycle which is
repeated many times.

tirsi.prebibaj@cern.ch
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PSB beams

PSB Beams
Type N, [10"ppb] | €z [um] | € [um] | €5 [eVs] | h Destination
LHC25 165 <22 <22 1.3 1 LHC
BCMS 85 < 1.2 <12 0.9 1 LHC
EAST 170 1-2 1-2 <13 | 1| East area (PS)
STAGISO 200-300 <5 <4 <16 |1 | ISOLDE (PSB)
AD 400 9 5 1.3 1 AD (PS)
SFTPROMTE < 600 <6-8 <4 < 1.3 | 2 | North area (SPS)
NORMGPS/HRS 800 <15 <8 <18 | 1| ISOLDE (PSB) =
TOF 900 12 8 1.7 1 nTOF (PS)
T 1600/ 1—
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Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the
beam center of mass. 16 horizontal and 16 vertical for each ring.
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Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the

@ beam center of mass. 16 horizontal and 16 vertical for each ring.
o Postion S P e of
« Beam Current Transformer (BCT): measures average beam current
every 1ms.
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Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the
beam center of mass. 16 horizontal and 16 vertical for each ring.

«  Beam Current Transformer (BCT): measures average beam current
every 1ms.

« Wire Scanners (WS): measurement of the horizontal and vertical
beam profiles at most twice within the cycle.

Particles generated by the interaction
wire - beam

Vacuum pipe

Vertical movement

Honaorte! with sncther scancaer scintiliator

Fork | Control and l

i position acquisition | Photomultiplier

Preamplifier
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Dampe of » beam transvecsal profile
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Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the
beam center of mass. 16 horizontal and 16 vertical for each ring.

« Beam Current Transformer (BCT): measures average beam current
every 1ms.

« Wire Scanners (WS): measurement of the horizontal and vertical
beam profiles at most twice within the cycle.

: tune measurement by
exciting the beam with a transverse damper (by applying a frequency
chirp) and recording the turn-by-turb data through a pickup. Tune is
extracted by FFT algorithms.
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Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the
beam center of mass. 16 horizontal and 16 vertical for each ring.

« Beam Current Transformer (BCT): measures average beam current
every 1ms.

« Wire Scanners (WS): measurement of the horizontal and vertical
beam profiles at most twice within the cycle.

: tune measurement by
exciting the beam with a transverse damper (by applying a frequency
chirp) and recording the turn-by-turb data through a pickup. Tune is
extracted by FFT algorithms.

L emnzeen I TOmMoscope: longitudinal phase space reconstruction. The longitudinal
| | profile measurements over many turns correspond to different
ot ] projections of the phase space at different angles (due to the
synchrotron motion). By properly combining these profiles, the 2-D

(| : longitudinal phase space is reconstructed (like tomography).

ATSOA 2024 tirsi.prebibaj@cern.ch



Devices

*  Beam Position Monitors (BPMs): turn-by-turn measurement of the
beam center of mass. 16 horizontal and 16 vertical for each ring.

« Beam Current Transformer (BCT): measures average beam current
every 1ms.

« Wire Scanners (WS): measurement of the horizontal and vertical
beam profiles at most twice within the cycle.

: tune measurement by
exciting the beam with a transverse damper (by applying a frequency
chirp) and recording the turn-by-turb data through a pickup. Tune is
extracted by FFT algorithms.

+  Tomoscope: longitudinal phase space reconstruction. The longitudinal
profile measurements over many turns correspond to different
projections of the phase space at different angles (due to the
synchrotron motion). By properly combining these profiles, the 2-D
longitudinal phase space is reconstructed (like tomography).

 Radio-Frequency cavities (RF): for acceleration, longitudinal control
(blow-up, higher harmonics, etc.).

* Plenty of quadrupole, sextupole and octupole correctors (normal and
skew).

ATSOA 2024 tirsi.prebibaj@cern.ch



Beam Dynamics

Beam goes from double harmonic to single harmonic to
reduce the peak line density (therefore space charge)

16:19:58 27 Apr 2022
PSB3:MD10, C450

16:14:41 27 Apr 2022
PSB3:MD10, C770
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Control Systems

CCC Consoles

(Linux-based with high-
level Java/Python GUIS)

‘ LSA/InCA: control system of the settings

Back-End management
ack-en

Access of JAPC parameters: “set” or “get” Cycle selector:
interactions , “subscribe” to get notified machine.USER.user_name

when their value changes. e.g... PSB.USER.MD2
‘ See: PyJAPC, PyJAPCScout

A cycle selector is mapped with a specific LSA user:

Front-End FESA classes e.g.. MD2 >
Computers (Device-Property MDXXXX_EUROLABS _160MeV_2024

(FECs) model)

device/property#fie|d CERN Accelerators Logg|ng Service (NXCALS), can
‘ e.g.. BR3.BWS.11V1/Scan#scanSelection be accessed from SWAN, Timber, etc.

Controls Configuration Data Editor:
Accelerator ccde.cern.ch
Equipment

CERN Gigabit Ethernet Technical Network (TN)

ATSOA 2024 tirsi.prebibaj@cern.ch


ccde.cern.ch
https://indico.cern.ch/event/891911/contributions/3762054/attachments/2033483/3404406/LSA.pdf
https://nxcals-docs.web.cern.ch/current/
https://swan.cern.ch/
https://timber.cern.ch/
https://gitlab.cern.ch/scripting-tools/pyjapc
https://gitlab.cern.ch/abpcomputing/sandbox/pyjapcscout

Control Systems

rt Pylap

Scout(incalAcceleratorMame="PSE")
.MD5 "
lector(myS

« Data acquisition and
monitoring scripts
using python

t + str(len{glob.glob(h.saveDataPath + '2021
len(glob.glob(h.saveDataPath + '20

myMonitor = myPyJapc.PyJapcScoutMonitor (m actor, signals = 2ived=myCallback,

L

myMonitor.saveDataPath = '
myMonito aveData =
myMonitor.saveDataFormat =

myMonitor.startMonitor()

ATSOA 2024



Measurements that we could try today

» Beam parameter adjustments (intensity, emittance blow-up, energy
spread).

In principle, we should
avoid having high losses
at high energy, mind the
beam intensity.

= Betatron tune measurement and correction.

= Chromaticity measurement and correction.

» Transverse profiles measurement and emittance/brightness
reconstruction.

= Closed orbit measurement and correction (?). With the non-accelerating flat

bottom (160 MeV) cycle have
more flexibility (unbunched beam,
less dangerous for accelerator,
etc.)

» Resonance crossing and compensation.

» Beta-beating measurement and correction.

» [nstabilites (?).

= QOther ideas?

ATSOA 2024 tirsi.prebibaj@cern.ch



Measurements



PSB H~ Charge Exchange Injection System

KSW2L1

KSW1L4

¢

\')\ A
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Injection — beam orbit bump by:
4 phase space painting kicker magnets
(KSW)
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PSB H~ Charge Exchange Injection System

KSW2L1

KSW1L4
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PSB H~ Charge Exchange Injection System

KSW2L1
KSW1L4
. ‘
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S from stripping foil [m]
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PSB H~ Charge Exchange Injectlon System

KSW16L1

. Stripping !
. IFoill__;

KSW2L4 ' '
Displace Orblt '

KSW1L4 0" BSWH BSW2 BSW3 Bsym
» =
7‘ : E
o o
B 3
KSW16L4 2
= 3
£
<
1

i 1032 1296 1560 2259 2654

Ry
II'IIII“ ‘ II I‘II”"II‘I"I ‘l“ III‘ |nje<iti0£1 gaieea?pgzzbeit;j:irr?tﬁ)nbgy:kicker magnets

' (KSW)
* 4 horizontal chicane magnets (BSW)

Incoming hydrogen ion particles (H~ beam)

~ksw2il

-bsw15i4

kswilsll

0.04

0.02 4

0.02

x offset [m]

0.04

-0.08

s_from stripping fo}l [m]
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PSB H~ Charge Exchange Injection System

010
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6

Wl
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ATSOA 2024

-15 -10 -3

s from stripping fo}l [m]

Displace Orbit| _ 5 ‘ ]
SPEEE R BSWA | BSW2 | |BSW3 BSW4 |
05’ | | ' 1 |

35

E
E
)
©
=
£
£
<

1

1032 1296 1560 2259 2654
Drift Space [mm]

Injection — beam orbit bump by:
* 4 phase space painting kicker magnets
(KSW)
* 4 horizontal chicane magnets (BSW)
Incoming hydrogen ion particles (H~ beam) —
stripping foil — protons.

tirsi.prebibaj@cern.ch



PSB H~ Charge Exchange Injectlon System

KSW2L1
Displace Orblt ‘
KSW1L4 | BSYVZ BSYV3 BSY\/4 |
. .
\'-)\“?\. | E
1 E
KSW16L1 KSW16L4 El St.i.
. Stripping ! :
<1 . IFoill__; H-

1032 1296 1560 2259 2654

AT
II'IIII‘| ‘ II I‘Il‘ "I“III ‘l“ III |nje<iti0£1 Jaljseeag]pgzzbeit;jaltjirr?tﬁ)nbgy:kicker magnets

-bsw1Si4
1
1
1

~ksw2il

E‘ 0.04 (KSW)

g 4 horizontal chicane magnets (BSW)

5 Incoming hydrogen ion particles (H~ beam) —
stripping foil — protons.
" Injection process over ~100 turns (multi-turn inj.).

DR R TR u : = Closure of the bump over 5000 turns (~5ms).

s from stripping foil [m]

ATSOA 2024 tirsi.prebibaj@cern.ch



Beam parameter adjustments

(o) PSB Cruise Control - v4.3.9 - (INCA) - PSB.USER.MD10

r

G

Intensity R
Changing the number
and length of the
pulses injected from
Linac4

J

e

\_

Momentum spread
Change the energy
spread of the Linac4
pulse.

J

Emittance blow-up
Change the number of foll
crossings
- Injection misteering

(injection oscillations)

& [ ©.18 May 2022 11:10:51 PSB - 05 MD10 | MD6104 HalfintegerS... 15 ZERO | --ZERO~-

@ lepsonx)

Application RF Expert ABT Expert Init

ATSOA 2024

DETAILED |Help

Linac4 BCTs Injection Kicker Slow status
- || Mode Setting - Enable ~ || TRUE - || Mode sSetting - Enable -~ || TRUE
BI4.KSW BI3 KSW
387 = Leqend 377 = Teqend
® Settings # Settings
- KSW16LL —o— KSW16LL[ 408
37.84 a0 36,6
LaP L4T(1) L4Z L4T(2)
- = 37,6 36,6
PSB Inj. Ring & Transfer BCTs L 53
BCTs Ring4 Ring3 Ring2 Ringl Sum 27,44 e 36, 4
BI.BCT10 0.0 -9.8 -0.0 -0.0
BI.BCT20 | 0.0  wr[-10.07 102.5:/0.05 =/ 0.03 = 2] _ 8.2 -
= 20 | g =
Injection |-0.05 | 9.93 s0.640.02 -0.02 esi%| 9,88 = o = . =
5 ; B g =| g a
Capture -0.05 18, 9.91 33.71%) 0.0 ®(-0.02 72.2x 9.84 s | 2 Z|E E
Acceleration|-0.04 s5.713| -0.02 0.02  =4(-0.04 252.35%(-0. 05 36.8 Floo 35.89 109
BT.BCT10 0.78 555600 36,6 35,6
BTP.BCT10 0.61 Na| 9 Lo
BTM.BCT10 0.43 s5.:m 36,44 35. 4
BTY.BCT112 2.15  wew 36,2 35,24
BTY.BCT183 2.89 Nl F-100 r-188
a6 T T T T 35 T T T T
BTY.BCT213 6.42 o B 50 108 150 260 250 @ 50 160 150 260 258
BTY.BCT325 3.61 el Time [us] Time [us]
H AD: t1: Al: t2: AZ: tO: AD: 11: Al: t2: A2:
- PSB - }{Mode Setting - }[Enable - ][TRUE ]{ - }[Mode Setting - ]{Enable - ITRUE ]
BI2.KSW BI1 KSW
= Leqend 377 = Tegend
35.2 & Settings [-400 & Settings
Add - KSW16Ll —— KSwiell [ 400
Otr Ltr Otr Otr 36.8
o ° a5
BIX.TREY BIX TREY
kA Ak Yy E
80ns| 0 200 .6
vy 34.8 300
36. 4
34,6
(200 | 6.2 Lone _
‘[ - ][ En. ][o. 0-3-0 . ]| E 34,4 =g =
- : 2l a = &
o =
Machine WatchDogs status 23421 i £l g £
WD DUMP: 3/3 Laa 35.8 rlog
WD LBE: 3/3 ] WD BR4: 3/3 ] 34
33.6
WD L4T: 3/3 WD EI: 3/3 WD BR3: 3/3 J
/__[ Y 23,5 o Lo
WD BRZ2: 3/3 35. 44
35.2
T T T T 35 T T T T
WatchDog ISOLDE o 50 189 150 200 250 a 50 100 150 2600 250
Time [us] Time [us]
o ~ EC.9-CTML (Ext. Cond.) [ WD GPS: 5/5 I WD HRS: 20/28 ] to: AG: t1: AL: t2: A2: to: AD: t1: AL: t2: A2:
No Exception to display
a

| i 11:07:06 Settings driven to HW: true




Tune setup

[ Tune Editor - (INCA) - PSB.USER.MD2 + - 0O %
File Wiew Optics Help
E @ & o . & Hjul_l'ﬂzz ID:D_H:EII PsSB - 31 IiDE | MDSEIES_LH'I'_'?EA_ _EEUE_;.S}.!.‘ 36 TOF | TOF 2022

Fa oY

?&Tﬂ| _ﬁ_ £, |*| Edition: None

VI Tune =+ V3 Tune

zl [¢f

=== HL Tune

=#= Inj ¥ Optic

H2 Tune -+ HZ Tune =+ H4 Tune
Ext H Dptic =§= Ext V Optic

W1 Tumne Wil Ture Inj H Dptic

Tune

300 400 500 600 FO0 800
Time (ms)
Beam Type AD v] ¥|/Ring 1 [¥|Ring 2 Ring 3 Ringd | CopyH &V to all rings
Hil(x) | Hlly) | H2(x) | H2(y) | H3{x) | H3{y) | Halx) | Haly) | V1i{x) | V@ly) | WV2{x) | V2ly) | Wv3lx) | V3ly) | valx) | Vily)
2750 |44 2750 [4.4 275.0 4.4 275.0 4.4 275.0 4.6 275.0 4.6 275.0 4.6 2750 |46 -
450.0 |4.4 450.0 |4.4 450.0 |4.4 450.0 (4.4 450.0 4.6 450.0 4.6 450.0 |4.6 450.0 4.6 =
S00.0 (417 500.0 (417 s00.0 |4.17 S00.0 (417 |500.0 |4.23 |500.0 |4.23 500.0 |4.23 [500.0 [4.23 =
T30 N A1T T33O N A1F T30 A17 T30 0 A17F T30 N A 33 T30 N A 23 T30 N A 233 TIEO N A 23

ATSOA 2024
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(Qx Q) = (4.17,4.23)

Working point at which

the extraction is setup.

J

Dynamic tune change
during the PSB cycle

What is the optimal tune

ramp? )

10



Tune setup: losses and emittance blow-up

High amplitude (tails) Low amplitude (core)
particles interact with the particles interact with the
resonance: resonance:
losses emittance blow-up
4.55¢ 4.55¢
S 4.50 S 4.50
4.45¢ 4.45¢

415 420 4.25
Qx

415 420 4.25
Qx

PSB operates in the brightness limit:
space charge tune spread larger than 0.5

ATSOA 2024 tirsi.prebibaj@cern.ch 11



Tune measurement and correction

™) Qmeter2 - (INCA) - PSB.USER.MD10
1 @ 18 May 2022 14:06:29 PSB -12 MD10 | MD6104 Halfintegers...
Ve s+ B Y - ol | - it 15 ZERO | ---ZERO-— = Ebodulrion hpplcacion Sor the CERN P58 Ring 3 [
I [ ch ici I c £ Kkin ell 2 e
roma Te: NAFF C Tell Me -
Chromaticity sts Sta q PSB Ring 3 Pensd maduen Tl by ryTie o crarane S v PR SISO LT BASOR S e [ T4 L R S Mo
‘ [ Detailed Tune [ Just Tune —————= BBG settings from B8 apphcaten. 6,808 -t
Device BR3.BQ, at 14:06:27. BBQ Settings | More Setting | Filas | GUI Settings Rexond Tune Sop b 1 i
[ {Qh, Qv, B} = fit} | Qv = fiQh) ' Table {Qh. Ov} - e i o804
e : ~——1 S Ring Selection Excitat i pecord ZACLOLOHIASLAE )
: - ) r | e ordl 2001 D8 D4-14.52 08 qany
E 1 c 213 [ i Mfd' e pecers 2071 06,08 14 62 38 & &
e L= —— § chirp c Pulse Rustei_pcdl 200 06.08-14.53 40 e
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Chromaticity measurement and correctlon

4 )

Chromaticity

__&Q
§ = (6p/p)

_ (6Q/9)
(6p/p)

rQ’

.

-

Chromaticity is measured by
measuring the tune shift for different

radial steerings.
6_19 1 frev

p N frev '
factor and frr = hfrey

, where n the phase slippage

~

J

-

\

Chromaticity is very close to the model.
MAD-X can be used to find the sextupole
strength to compensate it.

~N

J
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Emittance and Brightness

In the PSB we have non-zero dispesion: coupling between transverse and longitudinal motion —
growth of the horizontal phase space that the beam occupies

4 A
e = Cliemiengs - <x>dispersive
<x>measured = (Exﬁx> * (Dx 5p/p>
\_ )
If all three ' ' If at least one
Gaussian non-Gaussian

\_

~\

2
op
Omeasured = \/Ex,Bx + (Dx ?)

Emittance — Normalized emittance

€En = Exﬁrelyrel

J

ATSOA 2024

7
Deconvolution not trivial; need iterative
algorithms
\_
4 N
Brightness — Intensity/emittance
\_ Yy,

tirsi.prebibaj@cern.ch
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Resonance crossing and

Third and fourth order resonances are dynamically crossed at
different times during the acceleration cycle.

Resonance compensation is applied using the available
guadrupole, sextupole and octupole correctors, only when the
resonance is crossed.

One corrector can perturb the compensation of other
resonances. Attempts have been made for a global resonance
compensation.

The compensation is done experimentally by finding a suitable
magnet pair for the correction and changing the driving tern
that they create.

QNOS8L3 p +

QNO4L3

ses(%)

L/
ONOB16L3

28

NO12L3

— AQNO16L3 -10 -5 0 5 0

QNO412L3

tirsi.prebibaj@cern.ch
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Beta-beating

I, .
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1 | .
hoom o —— After correction
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B-beating measurements at injection

— Expected

30- Before ~F+~ PSB Ring 1
« Measurement of the -beating during the fall of the correction - o 2:23;
injection chicane using k-modulation (excellent . ~F~ PSB Ring 4

agreement with expected perturbations).

10 -
« Calculation of the dynamic correction which was applied

B-beating in QDE3 & QDE14 (%)

to the machine. 0
275 276 277 278 279 280
Time (ms)
4.477 e .. g — Expec_ted
< 304 -}~ PSB Ring 1 (corrected)
4.46] g PSB Ring 2 (corrected)
' o -}~ PSB Ring 3 (corrected)
< —J~ PSB Ring 4 ted
>~ 4.45 m 20- ing 4 (corrected)
o &
S After
4.441 < 101 correction
c
4.431 ™
. . , . . 2, EEE%E%E?::
-1.0 -0.5 0.0 0.5 1.0 A
6k (1072 m~2)

275 276 277 278 279 280
Time (ms)
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B-beating measurements at injection

K-Modulation Application for the CERN PSB Ring 3 | i
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ATSOA 2024

tirsi.prebibaj@cern.ch



800

600

400

Beam intensity [1010 p*]

200

ATSOA 2024

Instabilities

— Qx=4.17
—_— Qx=4.27

300

400

500 600 700 800
Ctime [ms]

60
-2.5 50!
2.0 40|
™ 9
S — 30}
1.5 v
8 0
wn
e 9 20}
-1.0
10}
-0.5
0.0

tirsi.prebibaj@cern.ch

1.6 GeV platealu |
¢ Matched kicker cable
¢ Unmatched kicker cable |
IL
¢
; !
?
¥ ;
]
[ ]
-llll:o se e 0000 8000 PooeBRRReReee
0.12 0.14 016 018 020 022

Qx

21



ATSOA 2024

Closed Orbit Measurement and Correction
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