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Preface

The 3rd mini-workshop on high intensity, high brightness hadron accelerators was
held at Brookhaven National Laboratory on May 7-9, 1997 and had about 30
participants.

The workshop focussed on rf and longitudinal dynamics issues relevant to in-
tense and/or bright hadron synchrotrons. A plenary session was followed by four
sessions on particular topics. This document contains copies of the viewgraphs
used as well as summaries written by the session chairs.

M. Blaskiewicz
Scientific Secretary
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Plenary Session
T. Roser

During the plenary session summary and status talks from the four organizing
laboratories (BNL, CERN, FNAL, and KEK) and also from LANL were presented.

Mike Brennan reported on the various high intensity and high brightness efforts
at BNL. In preparation for RHIC operation the AGS needs to produce very bright
Gold beams with 10° ions per bunch and a bunch area of 0.2 eVs/u. The present
performance has reached already 0.4 x 10° ions per bunch with a bunch area of
0.6eVs/u. This intensity was achieved by merging 8 bunches into one which is
most effectively done early in the acceleration cycle.

High intensity proton beams are accelerated in the Booster and AGS. With
second harmonic cavities more than 2 x 10'® protons on two bunches each with a
bunch area of about 1.5 eV's were accelerated in the Booster. The beak performance
is very sensitive to the relative phase of the first and second barmonic rf system.
Four Booster beam batches are accumulated in the AGS for a maximum intensity
‘of 6x 103 protons. Stability during accumulation can only be achieved by diluting
the bunches to about 4 Vs using a high frequency cavity.

To avoid excessive blow-up and also to allow for the accumulation of more
than four Booster batches a Barrier bucket system is being developed. With such
isolated sine waves gaps in the debunched beam can be manipulated in such a
way as to stack successive loads from the Booster. So far with two 12KV cavities
an intensity of 3 x 10' protons was achieved by stacking six Booster loads. The
development goal is to build 80 kV cavities to produce 250 ns long sine waves.

The development and upgrade plans for the CERN PS and PS Booster in the
LHC era were presented by Roland Garoby. With only one bunch accelerated per
Booster ring two Booster loads can be accumulated in the PS. Before extraction
to the SPS the beam will be debunched and rebunched into 84 bunches with a new
140 M Hz tf system. Each bunch will have to contain 10*! protons in a bunch area
of 0.3eV's. The goal is to send nominal LHC beam to the SPS in 1998.

The status and plans for high intensity beams at FNAL was summarized by
David Wildman. The next Tevatron collider run will make use of the new Main
Injector with increased production and stacking rate for antiprotons. High proton
intensity will also be required for the long baseline neutrino experiment and in
the future for even higher Tevatron luminesity. Presently longitudinal coupled




bunch instabilities driven by higher order modes of the rf cavities in the Booster,
Main Ring, and Tevatron are limiting intensity unless a number of active and
passive dampers are used. A permanent magnet 8 GeV Recycler ring has recently
been made part of the Main Injector project. This ring will be used to store and
cool anti-protons both remaining from the previous store and directly from the
Antiproton Accumulator ring. Wide band ferrite loaded barrier cavities with a
peak voltage of 2kV" will be used to manipulate the antiprotons in the Recycler.

_ Chihiro Ohmori reported on the plans for the Japanese Hadron Facility. It
- will consist of a 200 MeV Linac, a 3GeV Booster accelerating 5 x 10'® protons
at 25 Hz and a 50 GeV Main ring accelerating 2 x 10** protons. The Main ring
lattice will be transition-free. A development program is underway to use Finemet
(Fine-Crystal High p Metal) in the main ring cavities. This material has high
permeability, a low () factor (Q < 1) and performs well even for large rf fields.
These cavities will be used for acceleration as well as Barrier Cavities.

Arch Thiessen gave an overview of the LANSCE PSR status and upgrade plans.
The intensity at 800 MeV is limited to 4 x 10*® protons by a fast transverse in-
stability which is belisved to be caused by electrons. Clearing gaps in the beam
help suppress this instability and an upgrade of the rf system including a second
harmonic system is underway to improve the situation. Potential well distortion
from space charge is typically overcome by using much larger rf gap voltage. Alter-
natively the vacuum pipe impedance could be modified to cancel the space charge
effects. A test is planned this year at the PSR of such an impedance tuner.
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LHCY6 - October 96

R. Garoby

LONGITUDINAL LIMITATIONS OF THE PS FOR THE

1. NOMINAL OPERATING SCHEME ([1, 2] and R. Cappi at LHC96)

LHC PROTON BEAM

id. DESCRIPTION , COMMENT
1 |1 bunch/ ring in the PSB, reduction of peak line density with second ~ OK (under
harmonic cavity test)

2 | Controlled blow-up of longitudinal emittance during acceleration in the | ~ OK (under
PSB: aim for hollow particle distribution test)

3 | Bunch to bucket transfer PSB to PS of 2 PSB batches OR

| Bunch splitting in the PS (8 w 16 bunches) at low energy 3K

5 | Controlled longitudinal blow-ups during PS flat-tops £IK

6 | Acceleration up to 26 GeV OK.

7| Debunching (h=16) & rebunching (h=84) MARGINAL

8 | Fast ejection MARGINAL

27




Q_— A Present scheme
o

2 4 3 PS h=8

2™ batch

1.2sec loter

L1C%6 - Oclober 96
R. Garoby

2. DELICATE PROCESSES (items 1. 2, 7 and 8)
2.1 Dual harmonic operatien in the PSB (1)

© Lots of experience with hmS & 10 in the PSB since > 10 years
© Thoughts and experiments with hul & 2 presented by F. Pedersen at this workshop

@

2.2 Blow-up during accsleration in the PSB (2)

© The defocusing h=2 spoils the “normal” operation of the i)low-up process.

Understood after the test in 12/93 but experimental demonstration is still to be done.
(Presented at EPAC9%4 [3)])

ey
‘e
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LHCY6 - October 96
R.Garoby -

2.3 Debunching (h=16) and rebunchihg (h=84) at 26 GeV in the PS

© Tight longitudinal emittance budget (following figures from low intensity
simulation):
B Total initial beam emittance (hn16): 16-eVs
® Emittance of debunched beam: 26 eVs
® Emittance of compressed bunches: 30 eVs

© Bunch dimensions (Ib, Dp) marginally satisfying for capture and stability in SPS,
although with an aiready very large voltage for the PS

© Non-adiabatic beam gymnastics prior to ejection (=> phnse and energy drift of the
beam w.r.t. reference)

2.4 Fast ejectlon at 26 GeV from the PS

@ Kicker rise-time longer than distance between bunches:
w3 bunches will be lost in the PS extraction system,
w1 (2 ?) bunch(es) will be incorrectly defiected and will end up with a tail at
large transverse amplitudes

Bunch emittance {(eVs)
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a) Initlal bunch : te 0 ms b) End of voltage reduction : t= 30 ms
. V(hepd)e 200 KV N V{h=9d)~ 1 kV
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. RN ¢) End of debunching : 1«50 ms . d) End of adiabatic capturg ; t= 60 ms
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40 MHEz bunches in the PS
VrE=300kV  11/12/96

22.000 ns 47.000 ns
5.00 ns/01Y REALTIME
2.07500 y K2 4> 35.300
Wi 1 -812,500 nV HK1¢ 4D 10.300 =ns
DELTA 2.98750 V DELTA X z25.000  ns

1/DELTA X 406.0000 Mk

® L
i B
At g N e - . .:_s
.000 ns ' 560.000 ns 570.000 ns
550.000 2.00 as/0IY REALTIME
Y2( 3> 1.80625 U X2 3) §59,.720 ns
¥1¢ 37 -562.500 -V X1C 3D 556.820 s
DELTA - 2.36875 V DELTA X 2.800 ns

1/7DELTA X 357.143 Mk
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05/06/97
R. Garoby
2y 4. WORK PLAN 5
ok B& .
NE < 4.1 Short term aims (till end 97)
5 83
mR [ =R - Build and test the hardware required for the 97-98 shut-down
@ V (4 CO2 RF systems for the PSB, 2 C80 RF systems for the
0 PS, low level RF and beam controls for all new modes of
) W operation, specification of control’s software for 98)
WM A - As far as reasonably achievable {© : bnl internal joke}, test
S8 prototypes and check all modes of operation during 97
W - Beam studies (analysis of longitudinal instabilities,
) .m.. understanding of controlled blow-up mechanism with dual
RS 2] harmonics RF system in the PSB, minimization of
85 z o longitudinal emittance in the PS, etc.)
N 8> - Provide test beams to SPS
g WY - Feasibility study for a 2 GeV Supraconducting Linac
wg m ] - Define & begin work for the Anti-proton Decelerator (*AD")
{
o $=] 4.2 Medium term aims (till end 98) "
2 m - Resume operation for physics for the start-up in March 98
e W - Provide nominal LHC proton beam to SPS for the summer 98
H - Build/ modify hardware and begin beam studies for the AD
=g
m 4.3 Long term aims (after 98)
3 .,
7. - Start & run the AD
0 )U\ - Implement modifications (if any) for proper handling of the
N nominal LHC beam in the SPS
pe = - Design and implement a technique to create a void of a few
N W bunches in the PS 40 MHz bunch train
AN 4! - Prepare Ions injectors’ complex for LHC
" - Define (implement ?) a scheme to attain the ultimate
luminosity in LHC ...
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Accelerator Complex of Japan Hadron Facility

Chihiro Ohmori
KEK-Tanashi

h>oo¢_m..m.o_. Oo_dn_mm u

« 200-MeV linac . high brightness

accelerated particle H-ion
peak beam current >30(50) mA (25Hz, 400us)
structures RFQ + DTL + ACS

* 3-GeV booster  rapid cycling

intensity 5 x 10" ppp

repetition rate 25Hz

beam power 0.6 MW

RF frequency 1.99-3.43Mkz

RF voitage <288V ‘
circumference 339.4m (KEK-PS funnel)

* $0-GeV main ring transition free(negative o)

intensity 2 x 10" ppp
acceleration cycle 0.3H2
RF frequency 3.43-3.5 14z
AF voltage 270kV

“momentum compaction ~-10°

'y

— Q9

«‘dircumference 1442m (north site of KEK)
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3 GeV beoester laitice geometry
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D SF SO SF SD SF SF sD SF 8D SF
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10 20 30 4 50 60 70 80 m
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P

Maximum apertures of the 3 GeV booster

A =B + nx(éa) + COD + (sagitta)
P

A, = ,/ﬁ,e, +COD

apertures

- el —

g, = 340mmm.mrad

B o5

COD =5mm

vettical

horizontal
93 mm

S mm

B magnet

107 mm

1086 mm

Q mﬂgﬂ@t(m)

L, T
8-0ff-8@

BR:0¥\2S LLIgEd §

P (N =y N=1a)

68




Space Charge Litiit

7:/32')'3(1-*- feH / s’V }SVAvﬁﬁ
= r F
P

0 h3ﬁ2738 Av
Ncah= 2 Rr F L Av:-0.25
¥ o

N. .
iric

- 145 —

Incoherent Coherent

3 GeV Booster 5.6x 1013 ppp -1.2x 1014 ppp

50 GeV Main Ring 4.7x1014ppp  4.2x 1014 ppp

- -—ﬁ

§UMmar7 -GV (efica
Hoh W — Fadols) FoPo(oeds)
[ fr 5 #E— A

7% J. 5,,[0”) 38,..(6,) A.6m (Gr) | .
Ye ~/€ ~£ ~4 %
Aca
/ . [.7‘ , z 2 Srell
njection _ .
(SCM oo ) O ° A
Extraction . _
Cfeel fng 5.3 O Doy ©
D A

| bang. wmatiinn GAMR O
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CoHective Effect | p—
b)Narrow Band '

Longitudinal Coupled-Bunch

1

RF cavity parasitic mode: /,/f; = 3_B—(R.Baartman)
f

booster(injection): R <900€Q 235, f, >~ MHz)

main ring(injection): R < 700Q(Q = 5, f, ~15MHz)

"active damper” , "Q<1 cavity?"
c)Resistive Wall

- 127 -

Transverse Coupled-Bunch
booster: < 0.14MQ/m
main ring: < 1.4M{Q/m

CoHective Effect 960505
aBvead Band Space Charge, inductive Wall
piilcrowave nstability
Z
3GeV(injection) " <20Q @¢g, =1eV-sec |

space charge impedance= 55Q) .. £, = 3eV -sec
booster:no problem
[2]Negative Mass Instability

- 126 —

V4
* Inductive wall : —Im; <3Q @¢g, =3eV-sec

space charge : no problem-capacitive, <0 (lwight lattice)

lﬁ,: ~7

70




weysAs NiomiaN Jueuosay
Aiddng 1amod joubeypy se1s00g ¢
wg'| x (deB)wwgo}
1oubew g Buiy ure ¢
wge x (p'Nowwpo}
 Buy uep,
Wi XWuQpe X wwope
J91800q,
onQg weag sjwesd) 2
L~0
(revouy Yi-yBiH [eysA1-sud)
jelioley maN
Ained dy 1

weag jsii4 ‘uonaidwod Buiy ASD-0G Z0OT

jouun | Sd A2D-Z1 2u3 ojul uonejeIsy] Buid ASD-€ 1002

060¢

Sd ASD-Z} 18 JuBWILadXT UONEIIOSO OULINON 6661

UBIS UOLIORNSUGD 8661

uoneziuebio MON /661

71



s e s =

onp o_Em‘_mo_ <<
1onp TANOINI << HIN A®H-0S

jonp ojweid) << J13js00g A9H-E

~ 1s00(2)

saljAloe [enp|sal uu:ﬁc_ﬂc_#:_ ews(9)

uoneslqe; jo ase(s)

uoiezisubew oN(t)

Bunuy weog ¥ooys Jewsy L(€)
ASDEDW/OWYLI0>1H

AGDOSOW/OWY'L>1Y  eouepaduw) (2)

(AeH0S)zHE 0
(AeDE)ZHST waano App3 (1)

llllllllll wlemns

Sjuolliviiinvogy

1ona wvas

- - s b A
[P

L~D«
piol 44 4eb.e| Joj JuBlSUOO~ SY,
Aupgeeuiied ybiy,

ey -ybiy jeyshio-euid,,

feloley maN

| ainjesadwal apny ior

piay 44 obie] 1k Joineyaq Jeauljuou,
| (swotqoa)
CITIT ¥

($>D) llews ~ p
Aupqelsup yaung pajdno) ()
(weniL)iews ~ sy
uonalL) Ajiqels uosuiqoy (2)
Bmod Auae) < jemod weag (1)
Buipeo] weag AresH

Auned 44

72




Cowlref O‘f Pesorait Lialesork Yyﬂ‘tn: '

242y RIT—OHED-6HD
72 FER-TAvIEATI S L

-3
AR
SCR power S

/{JDX!ﬁ E—Eﬁ

Mea ,Mf

o phase, P | |

- ogist it iatk=d 09y

—gloct—
it
: /«jw!‘ 5

0P, P, . <8atps for 4Q20.01 @25H:

73







.
r————
———

Overview from Los Alamos: |
. Current Thinking on RF Upgrade Issues

PSR Upgrades in Progress

Space Charge Compensating Inducto
Barrier Bucket RF ' o
PSR Instability

I
L K I IR 2

SRS R
[

— by Arch Thiessen
— 8 May, 1997

A NS —— 7 5/08/97 1

PSR Upgrades in Progress

5/08/97 2




PSR parameter Iiéf

¢ Beam energy 797 MeV (y=1.85, p = 0.84)
o Circumference 90.2 m
+ Bunch length 250 ns
¢ Number of bunches 1
¢ Revoiution period 357 ns
o Betatron tunes V,=3.18,v,=2.14
+ Transition gamma 3.1
¢ Maximum r voltage 125-14 kV
+ Chromaticity, horizontal -1.28+0.06
¢ Chromaticity, vertical -0.8+0.2
¢ Momentum spread from linac 0.05%
¢ Momentum spread in PSR . 0.5%
—kANSC i —— 5/08/97 3
PSR parameter list (cont.)
+ Typical injection time 600 pus
+ Typical storage time 10 pus
+ Max bunched-beam charge stored 6.4 nC (4 x 10" ppp)
+ Max coasting-beam charge stored 2 uC (1.3 x 10" ppp)
+ Synchrotron period 720 us for 10 kV buncher
+ Coherent tune shift 0.008

5/08/97 4




PSR Upgrade Programs In Progréss

+ LANSCE Reliability Improvement Program (LRIP) Phase | (complete!)
~ Improved Beam Availability from ~65% to ~85%
o LRIP Phase i
~ Goalis 100 pA @ 20 Hz
~ Direct H- Injection
© » Construction Starts 1 Aug, ‘97, Complate 1 March ‘98
+ Short Pulse Spallation Source Enhancement (SPSS)

~ Goal Is 200 pA @ 30 Hz, 4x10% protons per puise
» New - H- lon Source
- Ceo e 1.5-2x Existing Current at Smaller Emittance
— Collaboration with K-C Leung, BNL
» New RF System '
, + Phasei {1997-1998) - New Driver for Existing 2.8 MHz Cavity
— Needed both for Beam Dynamics and Reliability Improvement
+ Phase ll (1999-2000) - New Cavity and RFDriver - Sum 12KV @ 2.8 MHz, -6
kv @ 5.6 MHz _
» Building, Cooling Water, and Utilities

5/08/97 5

Voltage Waveforms Considered

—105 IV 28 M

— 120V 28 M, S KV SEME

— B KY 28 MHZ, -18 KV 5.5 MHE, 4KV 8.4 M-z

-180 -150 -120 - 20 ﬂ a ,:ao [ 0 120 160 %




PSR before Upgrade

Foil Hits 307

)

.

¢ Losses £ 75

e 0.15% S oo

¢ 0.10% <

* 003% $ -8

. -89
©

Voo (KV/turn)
J
?

R e
_ ) ¢ {dog) "
— AN SR ———

78

$/08/97 9




Space Charge Compensation with Inducto_r

" $/08/97 10

Longitudinal Space Charge Control

+ Maximum Value is ~1/2 of Applied Voltage after upgrades
— Up to Now, Propose Control by “Brute Force”
» Make Sure V>V,
< And Test by Tracking with ACCSIM or other code
< [n Any Beam
- V. o g di/dt - opposite sign from an inductance
» Can be compensated with an Inductor if g is a constant
o For PSR
— For g=3 - inductance required in PSR is about 11 microHenries
- Actual value of g not well known
» atpresent g~3.9
» ARer LRIP g~3.6
» After SPSS g~3.3
— In Process of Tracking Code (ACCSIM) Modification
» for any iongitudinal impedance
» variation of g with Courant/Snyder invariant

—LANSCE————/ : . 5/08/97 7
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e

_A Test of Space Charge Compensator

+ For Space (Charge Compensator Test, ~5 microHenries Max
— Less than 1/2 Amount Needed for Full Compensation
» ldeais to see effect
+ biasoffvson
— beam in gap?
— Stability threshold ?
» Look for other problems caused by inductor
» change in instability threshold
» good ideas for effects to look at?
+ Two Days with Access for Installation July 31, 1 Aug
+ One 24 hr Day for Tests with Beam
= Tentatively Scheduled for 2/3 August, 1997

—LANSCEi— 5/08/97 11

Barrier Bucket at PSR

5/08/97 12




Barrier Bucket at PSR

+ Study Just Getting Underway
-~ Tracking Code Not Yet Adapted for Barrier Bucket
+ Tradeoff between Injection Time and Voltage
— Both Are Problems at PsR
» Present injection time 250 ns is too long for clean gap
» Voltage Available on Qne-Gavity, ~10kV is Low

+ h=1.5- 10 kV ok, but bunching factor low

« h=2.5 requires 30 kV for full height bucket

~ How Does PSR Work Now?

» Not many particies at high dp/p at end of bunch

— Reasonable options are h=1.5, h=2, h=2.5, h=3 barriers
» h=integer ok if Cathode Follower Driver o

o Want to Compare with a Traditional 2-Harmonic System

5/08/87 13
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Coasting beam instability signals

gg:;:?g End of injection

— :

.Z AS ]

8.98 ¥ . I Seummomt 3.0 uC injected

e || D \/\ (2.0 uC before instab.)

- Eres (i) — I ’ 925 us Injaction

2 ns : I Blegtrode | ffs:ﬁ“s PW

8.74 ¥ \¥ 3 ]

- TN -1900 V opp. elec.
- BEresq— | T T

s b _Hoss mﬂ)nihr
d:EresiD)— 1 | | -

.2 ms y

8.63 v
2mns T 5

200 ps/div

—EANSGCE——— ' 5/08/97 15

Bunched beam insté@bilitlsgnals

23-Feb-97 o
28:35:38 off
F IR : 3.0uC
> 0 1 |Cutr. monijtor BY
T {{Curr 925 us ijecton
e |10 NG } 250 s PW

i ekV
lremb - - [Elctrdde| B -1900V opp. etec.
.64 ¢ - X _

& Eres(f)— o
.5 as
8.68 v

@:ErestfD— L (L YL
.5 ps
8.96 v

.2 s

——AANSC R ——— 5/08/97 16
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Stable Peak Intensity vs. Buncher Voltage

SE+13 . p
Goal 7
e U A
JE+134 1990 dome y_ Al
100 9A @ 20 Mz g ] 1963 Dev
rd
- 1887 Dav
§ IEH13 4 \"’;\
< " 1995 Operations » - 1%e2demo
ramped RF s’ 55pA O 10H2
kY ”
i R
IE+13 4 ,/
2 P 1995 et RF
-
’
”
RS
1&13';/
o N
o 8 10 15 20
Buncher Volitage (kV)

—AANSCE ' 5/08/97 18

Peak Stored Charge vs. Bunch Length

(1989 Data)
2
nerenal-opersiing point
\\\
..,“ .
“\" .
\‘~s.
H Om
- o =y
100 B0 0 20 3w
Bunch Length (ns)

5/08/97 19
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Instability from PSR ﬁF sttem Problems?

+ Measured Phase and Amplitude Jump at Extraction
— Phase Change <5°

— Amplitude Change <56%

» These Result in Tiny Changes in Beam Dynamics
+ See Also Arch’'s Experiment

— With Open Circuit Drive of Cavity

5/08/97 20

Logbook - Arch’s Test:
‘With Open Clrcmt Buncher Drlve |
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Instability from Beam in Gap?

14

e
N
1.

Bunch length = 220 nis

—h
o
L

Peak buncher voltage (kV)

4] 10 20 30 40
Duration of beam injected into gap (us)
——I.—.-A:NSG-E—-——- 5/08/97 22




P

~_Signal power vs. time

¢ Signal power att, t+ 60 s, and t +
160 ps from wide band stripline
beam position monitor.

¢ Power begins at about 175 MHz,

Ky then spreads in width and”
g amplitude.
3
£
3
5 Fel 2Nrc*(1-1,)
2n\ m(a+b)R
Deta from SRWM41 AV, 4797,
WM4IVD.ON2
—LEANSCE—— 5/08/97 24

Peak frequenq VS. intensity

¢ The peak in the signal spectrum
: depends on the beam intensity.
T T T ¢ Top spectrum is twice the
. intensity of the bottom spectrum
< Beam conditions for the top and
" bottom spectra are the same
except for the bsam intensity and
the buncher voltage. ’

fe 1 2Nrc*(1-n,)
2n\ mbla+b)R

Signal Power (log scale)

SRWM41 AV from 1VAPI7 dats.
WMAIVDAC, BRWMAIVD 4F

—LLANSCE w— 5/08/97 25
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Where Vertical Instability Grows:
2nd Half of Bunch

+ CERN BPM Vertical Ditierence ,
— three traces at different times o

Vertical oscillations and beam density

¢ WM41VD.4B

L
/% | e WC414B

_ 4 ¢ Data taken Apr. 14,
' “ - . 1997

¢ Dataatt, t+115pus

|

L ANSC B —— 5/08/97 28

20




Transverse oscillation A correlated with p

4 1 T T T T T T
| SRCMA41 (top)
SRWM41 AV (Bot)
Data from 22/Feb/97
5/08/97 27
Sources of electrons
For each injected proton, we have:
¢ "Convoy" electrons 1
+ SEM from stripper foil from convoy slectrons 0.1 - 1
¢ Knock-on electrons from stripper foil 1.3
¢ SEM from foil from circulating protons 6
¢ Thermionic emission from foil _ <0.02
o SEM from beam loss - 001-1
(2 to 200 electrons created per proton lost)
<+ Residual gas ionization 0.0001
+ Electron multiplication from electron osc. ?

—LEANSGCEw— 5/08/97 29
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THEY MIGHT YRY TO
SOLVE THE PROBLEMS
DURING THE MEETING.
THAT WOWD BE A

DISASTER.
mmm ./%M;

[ (DONT MENTION ANY
.| eroBLEMS WHEN YOO

5/08/9730

DO YOUR PRESENTATION
TO SENIOR MANAGEMENT,)

1azjay  © 1907 Vaited Fostwre Syadicass. Bre.

+ Study of Incluctor for Space Charge Compensation Underway
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Session on Barrier Cavity Issues
M. Blaskiewicz

The working group on barrier cavity issues included two presentations. Masahito
Yoshii presented plans for the AGS barrier cavity upgrade and Chihiro Ohmori
presented plans for the JHF.

Plans for the AGS barrier cavity upgrade included cavity design and materials
as well as drive considerations. The system will produce two single period sine
wave pulses of amplitude 80 kV and period 250 ns ( 1/ 4 MHz) at a rep rate of
350 kHz. There will be one rf station for each pulse. Since the cavity is run in a
non-resonant mode the cavity voltage V and generator current I are related via
V = IR/(Q where R/Q is the ratio of shunt impedance to cavity @ for the resonant
mode at 4 MHz.

Yoshii stressed the need for a high inductance and a low capacitance so that
the necessary waveform could be obtained with minimum generator current. The
AGS philosophy is to use a fairly low loss ferrite (Philips 4B2 or 4L2) to obtain
the high inductance and to control the shape of the voltage waveform by careful
adjustment of the generator. This technique minimizes the peak generator current
required for a given gap voltage and cavity R/Q. The generator supplies current
in one direction only, which reduces cost.

The total voltage of 80 kV is obtained using 8 gaps with 10 kV per gap. Such a
design does not require high voltage feedthroughs and a prototype of a single cell
using Philips 4L2 has achieved the necessary voltage.

The JHF design included an upgrade of the KEK Booster as well as a the new
high energy JHF. Accelerating voltages of 10 kV/meter are required. The KEK
design differs from the AGS design mainly in the choice high permeability material.
Ohmori agreed that large inductance with small capacitance was needed, but is
more inclined toward the very high permeability and lossy FINEMET. For a truly
isolated voltage pulse the system requires a push-pull current drive, but the voltage
waveform from a half sine wave current pulse was not far from ideal. The low Q
leads to large power dissipation in the cavity, but FINEMET has a 600 C Curie
temperature. Additionally, the low quality factor reduces the shunt impedance of
parasitic modes which should reduce instability problems. A prototype cavity has
been built and has achieved 11 kV/ meter. Studies of feedback and beam loading
are underway.
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MAY 7-97
M.Yoshii
Mini-workshop
Radial Depencience of Ferrite p and Magnetic Flux

G. Rakowsky (BNL) “ RF Accelerating Cavity For AGS Conversion”
: p{n} , B(r) distributions under biasing conditions
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4L2 BH curve : r=115mm 4L2 BH curve : rsl75mm 4L2 BH curve : r=235mm
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MAY 7-97
M. Yoshii
) Mipi-workshop
« An induced voltage at each pick-up is
d N(n) =)
£ = —_.(_Tf__)- {volis), (2)

where N is the turmn-number of pick-up coil , @ is a magnetic flux through the coil
and a suffix {n) denotes the pick-up position.

w _ [ B, 4T m_ 49" flux nth.pick—up
As a flux ¢ ,,:LB a3, Br=oret—mle (3).
The time-integration of eq.(2) gives ¢~()= N}_, j;z'"(:)m (4).

From (3) and {4), then, the average flux density B, at n-th pick-up is given by

o

j; £7(1)d1

(5).

in the measurements all data are discretely sampled. So, Integration in eq.(5) must be

re-written by,

B = Al %
(I N(-)s(n) 1§£k

(6)

for example, in our case,
N=30tums, S=763x10°m*, Ar=200usec

£
T o A | volts-sec )
B” =875x10" Y £ (———e -

oo
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Capacitance Measurement

: G, unknown

fi=LC,

: C,, kmown

fi=Lc,+C.)
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FIGURE - 2: Typical piot
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XWH, SA 7 315 AM 1997

Name g% < | Lp(#H)/gapl CT (pF) | Cext (pF) { Total kf{ Rsh | Pw/ring (kW) | Pw density (W/ec)| P (kW)
0 §8-Gap Cavity = - .
1
2
'3 10D » 500 mm
4 ) ID = 200 mm
1Shte 281 mm
16 §Co = 50 pF
7
8iNeg
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10
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18 fcMD10 7807 1.4 264 435 2320 1501 180 7 40224| 31235
17 | CMD5005 8051 0.7 47.4 334 3131 163] 104 10 8.1710] 479.20
18
+9
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AGS BARRIER CAVITY (cross-sectional view)
- The AGS barrier cavity consists of 8 cells of a re-entrant ferrite loaded cavity. Total gap voltage is required
to be 80kV at 4MHz. And, the cavity is going to be driven by one TH 558 power tetrod (500kW.
A
| —
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‘ ONE CELL:12° or less |
|
. e e - = 102° (tbelmgﬁii]idliﬂbeaexmﬁthGS) —— .i
1. Ferrite disc : ¢500 x 3200 x £28 (;om) , 6 per cell
2. Cooling Plate : 174" thick , 7 plates parcell
3 Accelerahng Ceramic Gap : max. 20kV gap voltage at 4MHz
Beam Pipe : bore should eassmneasapmen pipe
5 Outer Conductor of the Cavity
6. RF Power Feed Line
7. Bus Bars Cell Connection
March 26 1997
M.YOSHII
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R&D Works for RF System of JHF

Chihiro Ohmori
KEK-Tanashi

JHP RF Group

REQUIREMENTS FOR RF SYSTEMS

Booster Main Ring

RF VOLTAGE ~450kV  270kV

RF FREQUENCY 1.99-3.43 MHz3.43-3.51 MHz
REPETITION RATE 25Hz(50Hz) 0.3 Hz
CIRCULATING CURRENT 4-7A 6.4-6.6A

Is  8-14A 12.8-13.2

JSPS Meeting@Saga Univ., October 9, 1996
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JHP RF Group

REQUIREMENTS FOR RF SYSTEMS
NEED HIGH VOLTAGE

SPACE IN BOOSTER IS LIMITED
(24*6m STRAIGHT SECTION).

50 Hz OPERATION NEEDS 800~900 kV

~40 KV/CAVITY/3~4M
>10kV/m (13 kV/m)

10 Hz OPERATION FOR MATN RING (in future)

>10kV /m

September 13, 1996

JHP RF Group
REQUIREMENTS FOR RF SYSTEMS

STABILITY FOR BEAM LOADING

CIRCULATING CURRENT 4-7A

I 4 ~14 A
Y (=I8/l0) <14
Io 10 A

To handle Beam without direct feedback.

September 18, 1996=
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JHP RF Group ===

REQUIREMENTS FOR MAGNETIC CORE

-ASSUME 20 CORES PER METER
2.5 cm thickness

V>500V
R>100-Q -

SUMMARY OF MAGNETIC CORE MEASUREMENTS

CORE FOR BOOSTER CORE FOR MAIN RING

HITACHINSC NQOT GOOD —NEED BIGCORE
PHILIPS aM2 OK NOT GOOD

(HIGH LOSS EFFECT)
TDK 5Y2 NOT GOOD NEED BiG CORE

FINEMET FT3 PROBABLY COK oK

—= Sepiember 18, 1996
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What is FINEMET?

Soft Magnetic Material with very fine crystallized structure.

High Permeability 1931@3.3MHz
Low Quality factor 0.63@3.3MHz
R ' 76 Q@3.3MHz

R~100 Q for new core as O.D. is large (67cm).
Very High Curie Temperature ~600 deg.C
Very Stable for Temperature and RF Power
Very thin tape, Easy to make a big core

Not Saturated @ 10 A

= Sepember 18, 1996
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2. 00E+10

G
S 1. 00E+10
=

rrrrr : 0. 00E+00

[REN

-~ SY-2

-« FT3-small|

j—+—FT3-large|

10 100

Brf (Gauss)

Suitable for Barrier Bucket RF

Easy to make an isolated pulse

Many possibility for RF gymnastics

To store more particles
To change RF frequency
To make empty bucket

Decrease Peak intensity

September 18, 1996=

To flatten Bunch shape

1000

JHP RF Group

FINEMET CAVITY

"

10000



JHP RF Group
Barrier Bucket

JHP synchrotrons : very high intensity machines.

To reduce beam loss is important issue.
Stable operation @ high intensity
Reduction of S.C. tune shift.

To change Beam distribution

To store more particles in rings

Barrier Bucket is very attractive !!!

September 18, 1996
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JHP RF Group
FINEMET CAVITY
Dump wake field quickly

Good for instabilities,
Coupled bunch as H=4 for Booster
as H=17 for Main Ring

September 18, 1996

Knaes O Y3rH

Ayaed O mor]
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480.00
$y8s

100 ns/div g - repetiis
uz? 2) 353.125 ¥ %x2(2) 400,000 ns
510 2) -296.875 V¥ %x1(2) =12.000 ns

The RF voltage signal for the freduency sweep of the range of 2 to 3.4 MHz. The repetition is 1 Hz.
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.. z 200 -

20.00000 V

1.2000 us
500 ns/div repe’

y2¢ 2> -362.500 ¥ x2( 2) 200.000 ns
yre2) 400.000 V x1(2) =—174.000 ns

i delta y ~762.500 V¥ delta x 374.000 ns

A 73IRQ _HH=

The typical voltage signal in the class AB operation for the barrier bucket.

Beam Loading
RF system does not include the tuning loop.>Simpler
for Fundamental Frequency

Y=1.4 was chosen for stable operation

If no tuning system, compensation technique is requlred.
Ex.: feed-forward
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Beamﬁ Loading |

Electron Gun will be ready in summer.

About 200 keV, 7 A, 1us

JH\J
HV P\ulse (1!.18) J (—‘—

HVPS. [ NHV P~ /= :E
Statig Gun | Cavity |Beam monitor

Alms:

Beam Loading Eilcets

Fundamental, Higher Order(Distortion of RF Bucket)
Transient Beam Loading
Compensation Techniques.

for 204(37 ) harmonics
Component in the beam current is about 30% (for half-
sine) of the fundamental component.
Impedance is also about 30% of that at the RF
frequency.
Effects are about 10 % of those by RF frequg_ncy
components.

It may be possible to compensate by feed back and/or
feed-forward techniques.
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Transient Beam Loading

As Q-value is low, effects excited by other bunches have
been damped, automatically.

Because of fast response, compensation is applicable.

CONCLUSIONS

The test cavity using a new material has been developed.

The voltage more than the designed value has been obtained. In order
- to achieve the higher voltage, a new material is being developed.

The 1mpedance measurement shows that the cavity has no dangerous
parasitic resonance.

An isolated pulse for the barrier bucket was generated and the
maximum voltage of 11.3 kV was obtained.

However, the distortion of RF voltage was not small because of the
class B operation of the single tube. It is expected that the distortion
will be improved by the planned modification of the amplifier to a
push-pull amplifier.




P

Session on Longitudinal Emittance Control
R. Garoby

On the issue of emittance control, representatives of Brookhaven and CERN have
presented their aims and worries for achieving the level of performance ultimately
needed by their respective future high energy machines. One step further in the
future, the issue of longitudinal space-charge effects and possible cure in the 3 GeV
proton driver for the proposed muon collider was described.

1. For RHIC at Brookhaven the gymnastics taking place in the AGS are the
dominant source of longitudinal emittance blow-up (J.M. Brennan). Recent results
have been shown, where the final bunch emittance approaches 0.7 eVs/u, for an
initial design goal of 0.2 eVs/u. Two directions are pursued for solving the problem:
a) improvement of the gymnastics in the AGS. Many of the reported imperfections
are attributed to the lay-out and adjustment of the low level RF hardware, and
solutions are being designed (J.M. Brennan).
b) increase to 0.5 eVs/u of the nominal emittance accepted by RHIC. A larger
emittance is beneficial at injection energy because it reduces intra-beam scattering.
The first bottleneck used to be at transition because RHIC ramping rate is limited
by the superconducting magnets, and transition is crossed slowly. But thanks
to the newly agreed transition jump scheme, bunches of 0.5 eVs/u can now be
‘accelerated with less than 10 for the second bottleneck due to the rebucketing
(bunch transfer from a 28 MHz into a 196 MHz bucket), but improvement is

possible doing it slightly above transition energy, where acceptance is largest (J.
Kewisch).

2. For LHC at CERN most longitudinal beam characteristics are established in the
PS. Specifications result from SPS characteristics (RF frequency and single bunch
beam stability at injection) and LHC requirements (25 ns bunch spacing and num-
ber of protons per bunch), and the overall emittance budget is tight (E. Jensen).
The undergoing LHC injectors project is implementing the most economical means
to approach the nominal performance. Results will be obtained already in 1993.
The hope is that the combination of these improvements with the planned SPS up-
grade programme will help achieve the full beam performance needed at injection
in LHC. Controlled longitudinal blow-up is a necessary ingredient and future plans
include the use of a new method to generate flat-topped bunches corresponding to
hollow distribution (S. Hancock). A promising technique for tomography in the
longitudinal phase plane is under investigation for monitoring beam characteristics,
even in the presence of non-linearities and/or time-varying potential.
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3. Space-charge in the proton driver rings of the muon collider dangerously re-
duces the longitudinal focusing given by RF (K.Y. Ng). Compensation by an
inductive impedance is a tempting challenge, which is under investigation. The
design presented is based on a 2.4 m ferrite cylinder surrounding the beam with
perpendicular bias by a solenoidal field to follow the variation of potential well
distortion between 1 and 3 GeV. Tests are planned in the PSR ring at Los Alamos
which suffers from similar effects.

Third ICFA Mini- Workshop on High Intensity, High Brightness Hadron Accelera-
tors Brookhaven National Laboratory May 7-9, 1997
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@) CERN injector complex &
£ ~

Tig

§ ¥4 DELPHI
LHC-B

cfeetrony
PUSIHTONS
Preduns
antiprolons
Mraons

i

May 7-9. 1997 400 MINKWORKSHOP UN HIGH INTENSITY, HIGH BRIGHTNESS HADKUN COLLIDERs  EMK  JENSEN

LHC filling scheme

LHC = 38.924 s

baich 1 2 3 4 ] 13 7 L} 9 10 ]

wic uwc_\mmmmmmmmmmﬁ;

% | %
SPS = 7/27 UG

beam gapw:

SPS T= 5 logt buncher {rise iicker extr. PS = B3 n3)
T= 3 mizing bunches (rise Kioker 1nf. SPS = 220 ns)
T 38 miming bunches (rive kicker B UIT = 0.94 i)
= 127 missing bunches (rise Mcker @dr. LHC = 317 a9)

PS

PS = 141 3PS
May 7-9. 1997 g MINI-WORKSHOP ON HIGH INTENSITY, HIGH BRKIGHTNESS HADKRON COLLIDERS
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LHC beam g, “budget”

Ew p Commdns  ; Coguss’ bUSh  app7 oo
Machine & process {bunch} [LMCbunch] length  [2¢]

GeV  GeVic  eVs eVs ns 103 Mz
005 031 (065 0.06 {1667) 2 {0-60)

PS3  |capture 005 031 1.20 1, on 1600 43 0.6
ace. (+ contr. bu?) 140 214 1.45 1 0.1 190 2.5 1.75

CP3  [injection 140 214 145 8 0.4 190 25 35
eration ) 274 356 1.50 8 0.14 66 41 369

b spiit + contr. bu (00 MHz) | 274 356 1.00 16 0.19 4% 4 7.38
{acceleration 255 264 100 16 0.19 24 1 76

{adkabatic debunching 255 264 (025 84 025 25) 6.2 40

. . |aciabatic rebunching 255 264 0.36 84 0.36 12 0.7 40

T bunch rotation 255 264 036 84 0.3 4 22 40
SPS;  [flamentation on inj. plateau 255 264 052 4620 0.52 43 3 200
ace. + contr. bu (800 MHz) 450 451 1 4620 1 25 0.6 200

bunch compression 450 451 1 9240 1 17 0.8 400

LHC  finjection 450 451 1 35640 1 17 0.9 400
(+ contr. bu 7) 7000 7001 25 35640 25 1 0.2 400

T Phase space area atinbuted 1o one LHC bunch, of (fotal CPS longiludinal emilianceysd or (PSB bunch emittancey10.5.
" Bur ch half height. For upsight efiiptical bunch, Exgruane=a W bunch length)*x/2 AP 1 p=y! (31 AW / (mo B}
May 7. 19w/ 4rd MINL-WORKSHOP UN HIGH INTENSITY. HIGH BRIGHTNESS HADRON COLLIDERS

bunch parameter limitations
10" protons/unch

1 1 —

1 [max emittance @ LHC inj ctionl ______ S
0.9:---[ e ; zoomuzaL}

0.65 ........... e el 2 RN U 1MV @ h=4620

........... oA ....1 [700kv @ h=4620
Transfer line S 2 500 KV @ h=4620

0.4 ¥ - |momentum acceptance
" 1 SPS m-wave instability

03 ]

bunch emittance [eVs]
o
o

0.2 ; PS u-wave instability . |
0.1 ,; .......... : .......... ) ‘
01 e
0 4 5 ‘
bunch length [ns] |
May 79, 1997 std MINI-WORKSHOP ON HIGH INTENSITY. HIGH BRIGHTNESS HADRON COLLIDERS
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the most stringent A
bunch parameter limitations

+ SPS microwave instability

“Keil-Schnell-Boussard”, 1Z/nl = 10 Q assumed.
¥ 23 3 19 {decreases also capture voitage)?

¢ TMC (transverse mode coupling)

Z,= 23 MQ/m, Q=1 @-1.3 GHz assumed

¢ 200 MHz periodic transient beam loading (BL)
Zcav = 360 kQ assumed

T ¢ 400 MHz BL
: - 300 kW installed power assumed

+ Transfer line momentum acceptance
610 total assumed

el.mnx o<

. May 79, Tvd st MINI-WORKSHOP ON HIGH INTENSITY. HIGH BR]GHI‘NFSS HADRON COLLIDERS

Quasi-adiabatic compression
on h=84 to 600 kV (})
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g MINL-WORKSHOP DN HIGH INTENSITY, RIGH BRIGHTNESS HADRON COLLIDERS

First 40 MHz bunches

40 MHz bunches in the PS

Vrf =300 kV 11/12/96

22.000 ns
S.00 rasDIYV

Ya2¢ 1) 2.07500 V Kac %

Y1¢ 1>  -512.500 av X1C 1
DELTAR ¥V 2.9875¢ U _Sr
170EL

3rd MINI-WORKSHOP ON HIGH INTENSITY, HIGH BRIGHTNESS HADRON COLLIDERS




Bunch rotation test

TUNCH with V(ir=20)~200 kV|

2,03 neOTL NS

oo B TN ne
X 2 558.920 am

"8§t;ﬁ x 2.900 s

A K BET.148 e

i
May 7. 1997 +d MINI-WORKSHOP ON HIGH INTENSSTY. HIGE BRIGHTNESS HADRON COLLIDERS

549.200 ns s 589.20Q ns

2.08 as2850" REALTIME
SYNCHRONISATION JIITTER ON COMPRESSEI BUNCH
(Ad. capture up to 60 KV & Step 10 300KV . - 4/4/97)

May -9, 1997 e MINLI-WORKSHOP ON HIGH INTENSITY, HIGH BRIGHTNESS HADRON COLLIDERS
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Space-Charge Effects and Ferrite
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Compensation

K.Y.Ng and Z. Qian
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I INTRODUCTION

e C. Ankenbrandt suggested 2 rings for the proton driver.

e We concentrate on the first ring where space-charge is more

important.
K;netic Energy ._ 1 GeV injection, v = 2.06579, § = 0.87503
3 GeV extraction |
Cycle rate 15 Hz
Circumference, C 237.10 m £ = Lot Uz
Rf harmonic, A |2 0r 4 for 2 or 4 bunches
Transition, 7 h

‘Bunching factor, B {0.25

No. per bunch, Ng 2.53 x 1013 Tav= L.48 M/WL

95% bunch area, A |1eV-s

95% emittance, engs | 200 X 107 %7 m
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II TRANSVERSE TUNE SPREADS

e Laslett tune shift at injection

4

- 3NiotalTp _ | —0.199 2bunches, good

Ay = — =
2v%fengs B

—0.397 4 bunches, manageable

This is an incoherent effect and cannot be compensated by ferrite.

IIT MICROWAVE INSTABILITIES

e For parabolic bunch, | - §
: | v
7=8473nsor£=2223m forh=2 &47x/07

F=423Tnsor{=11.12m forh=4 /feffx/0|

\

"o Using Krinsky-Wang criterion and a bunch area of 1 €V-s,

i

l_‘ < ef321. <E -
P 14250 for h =4

Note: If the Boussard-modified Keil-Schnell criterion is used, these

limits will be 1.67 times larger.
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o Space—charge impedance: o
With engs = 2 x 10™* 7 m, bunch area 1 eV-s, and assuming
a momentum dispersion of ~2 m, < f >=7.28 m

beam radius is a = 3.35 c¢cm and 3.85 cm for A = 2 and 4.

. Usingabcm radius beam pipe,

2

n .

9110 for h =2
—2—2—%% (1+21n%> =y
spch &Y | i76.8 Q for b = 4

Note: Same size as the stability limit. However, we are below

transition, hopefully, microwave instability will not develop.

e Assume pipe radius of 5 cm. Cutoff freq is 2.30 GHz, or harmonic

Neutof = 2074. Tunes: v, = v, = 5.18.

410 '
| Z. | < F 3 (AE)pwaml(n — v)n + v€[=31.56 MQ/m
€Lllpeak

e Withb=5cm,a =335,38cmforh=2 4,

RZy (1 1 1221 MQ/m h =2
ZJ.lspch:Z_I;“— — = 335 =4
6.,,-},2 a2 b...
i1.23MQ/m h=4.

Therefore transverse microwave instability will not happen.
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IV POTENTIAL-WELL DISTORTION

e A particle at distar.ce s from bunch center sees a longitudinal space-

charge E,sp o field and a potential drop per turn:

E _ €4do d
#sp ch 4megy? ds’

b
go=1+2In—
a

. o s B
SWIaVZOgO) (R)2 s _ | 11.12 kV for h=2
£

V;p cthzspchC:—( 4’72,8 7

37.4—% kV for h =4
e On the other hanc'.,‘neglecting space charge, the synchrotron tune

and required rf are

( | (
0.000919 2 18.41kV forh=2
4 Vit cos ¢gp = 20°E

_Inlé _
0.003677 i 147.3KV for h =4

woT

Vs

o For ¢ = 0, 1f voltage seen by end particle of bunch is

R hwoé . 3B

V =Vssin = Vsin = (0.924V¢
Be

e The potential-well distortion is large compared with rf voltage

required if there is no space-charge, especially for A = 2.

e We wish to compensate this distortion by ferrite. The frequency

is roughly is at ~ 2.2 MHz and ~ 4.4 MHz for A = 2 and 4.
fLe22=00 Ml 196 & LEx b lphh = (Ehrph




V FERRITE COMPENSATION

e The voltage drop per turn due to space charge can be written as

7)
sp ch é 2

.- Thus, it can be canceled by adding an inductance.

Brl\ Z
V;pch=(7' 23)';:—'

e Consider using a hollow cylinder of ferrite of inner and outer radii
b and d and length £. Impedance introduced is

a2

TY Hferrite 271’ C b

For example, with i/ = 1000, d = 5.5 cm, b = 5 cm, to cancel
a space-charge Z/n of ~ 100 €, a length of £ = 63 cm will be

“enough.
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| V.1 Loss | -

e One way to include loss is to write

p=p +ig”  and Q=2

(i

e We want material with large p/. However, " will be large as well.

spch

AUS

e Since the real part is proportional to frequency, we need to sum

many harmonics to compute the total loss. For each bunch,

Current : I(t) = L, + § I, cos nwgt

n=]
£ w2 e
n=l

Q

[

Power: P =
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o If we assume Gaussian distribution, the summation can be
approximated by integration to give, 7 = vx/gaf,

Izv'le/nlspch
Qo rwy)?

For h = 2, |Z)/n|spa = 100 ©, and Q = 1, the power loss ris

P =

P = 25.6 kw, parabolic, (29.2 kw by above formula).
Need to sum up to at least n ~ 4/(o,wy) = 7 for h = 2.
For h = 4, need to sum to at least n = 14, and loss per bunch is
102.2 kw, 4 times larger.
: /}t/egge |
e 'Loss per particle per turn is 6.5 kV.
Worst of all, because of the short wake (small @), center of bunch

- -loses much more than the ends.

Such position-dependent loss is hard to compensate.

e There are other problenis like (1) high frequency response of ferrite,

(2) effect of electric permittivity €, (3) transverse effects.

o If loss is small (see below), the problem can be solved analytically.
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VI FERRITE-LOADED WAVEGUIDE

o Here, the assumptions are (a) a perfectly conducting medium out-

side ferrite and (b) the ferrite insertion is infinitely long.

e The boundary-value problem has been solved in Phys. Rev. D42,

1819 (1990).

e The transverse and longitudinal wakes of the m-th azimuthal is

ZQCZ X = . e VA
m = Frm m - —
Wan(2) 2nrmd¥mtl ,\E‘l N@m) sin dy/ep —1
y _ ' Zocf X -~ Tm)Z
Wal(z) = 27 (14 8¢ )d2m 12 ,\'§1 Fema(@ma) cos dy/ep — 1

where z,,) is the A-th zero of some combinations of modified Bessel

 functions of order m.

e The above are just summations of sharp resonances.

There are analytic expressions if the ferrite layer is thin.

2~ Wi T

Z (&) ~ ﬁlfv’, (2) e_wé/cd(%) |
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Monopole (m = 0)

‘If5=%<<l, xmz\/%g, andﬁz01=4. ‘1:': ’Hnickhe.ss &5:
ferrite

Resonance frequency is

dy/ep —1 ep — 1)
T
n

ToiC c 2€ c

=— = — - 1

Wo1 d\j 5 d when ey >

1
2me €

e Result is € independent when e > 1.

e For 1 =1000,6 =0.1,d = 5.05 cm, £ = 63 cm,

for = 840 MHz, —iﬂ = —3100

( .}&"A. laoa)

But if loss is included as perturbation, loss is ~ 76.8 kV per turn

near bunch center and almost zero at both ends.

e For the low-loss Yttrium-iron garnet, p = 3, € = 8, £ = 63-cm,

fm = 15.3 GHz g-il = —23 )

n
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VII HIGH TRANSVERSE DC BIAS

e From KE 1 GeV injection to KE 3 GeV, the space charge impedance
will be reduced by a factor of 4.58. We would like the inductance

of the ferrite to decrease by the same factor.

Q-This can be acconiplished by passing a DC bias field through the

ferrite. To reduce loss, we suggest the bias field L field due to the

bunch particles.

This can be done by putting a solenoid outside the ferrite.

e Use a dc biased field H, in z-direction, so high that the magneti-

zation M inside the ferrite is saturated and becomes M. 5-

"o The ac field A, from beam particles is in the z-y plane. This ac
fleld causes the magnetization to precess about H,, or creating an

ac magnetization M ; In the z-y plane.

e Thus, we have

153




’ Slope 41, 2
. M
2 B *
Br "’ . . f
Slope M1
|
A C
1
3 / " ﬁ
H
- ‘H( H( Hc 1
A Spinning eleciron
- - Y ——=>
-8, H,
x
?
25+
12~
|
8L '
. ° 15k
L z\l
o
<
X 0.5 : ! '
< 0 T 1-0 1.5 2.0 10
we/w
-4
sl
-8
0 1 { 1
“12b o 00 0.5 0 15
w/w

154




o When |H;| < H,, the equation of motion is

%— = y(2M, x H, + :M x H,)

where v = 2.80 x 20 MHz/Oersted is the gyromagnetic ratio of

the electron. Defining the magnetic susceptibility tensor 52,. as

'-M’l = ?rﬁ12 thé solution is | reirs;gu
. / y \
Sm;‘/v\aﬂj selin . x —i% 0 ;,’
. by Ny "_L
WF&rT\cuﬂwvszs{w . X¢=ljk o x O Pr = b= Ho
L .
where
X Wenm °_ii_ WWm __,X,Lu
po w2 —w?’ Ho  wi-w? o T &
~and
) M
we =vH,, W = Y—

e There is a resonance at the gvromagnetic resonant frequency

w, = vH,, which is proportional to the dc H,. This explains why

we want H, to be large so that the resonance effect can be avoided.
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e Loss can be included by letting we — w, — iLua, giving

X _ B[ ~1+e?]

8 e (e

¢ @Ba[@rnre]
o (@ e 4

Note that, a,ctually the above depend on only M, and a.

e Usually the ac field coines from a cavity. Then, w will not be
changed by very much é,nd can be considered fixed except very
near to the resonarce. Therefore, x is plotted as a f\inctioﬁ of H,
This explains why the formulas have been written as a function of

wefw.

o In our application, the ac field comes from the beam particles. So

w has the range of the bunch spectrum. For h = 2, w/(27) varies

1 | L,
up to ~ 2.2 MHz, and for h = 4, up to ~ 4.4 MHz.~ /& ifi
o 7.7 iHz |

e The merit of this application is the low loss, because the ferrite is

saturated, there will not be hysteresis loss. The only loss is due to
spin wave which is small. The disadvantage is u' is usuaﬂy small.

156




14

Application

e Choose Ferramic Q-1, which has saturated flux density of 3300 Gauss

at 25 Oersted.
e Thus, M, = 3300 — 25 = 3275 Gauss.
o Choose H, =25 Oe.
This gives resonant frequency w./(27) = yH, = 70 MHz.

Up to 10 MHz, ' ~ M,/H, = 131.

o With ferrite thickness ¢ = 1 cm, to cancel |Z}/nlsp o = 100 Q,

we need a length of £ = 2.4 m of ferrite is required.

o At extraction, want g’ to be reduced to 131/4.58 = 28.6.

The biased field should be raised to H, = M,/y’ = 114.5 Oe.

e At low frequencies, the loss is p” — $%m

We

o Take a typical value of o = 0.05, we find p” varies linearly from

0 and reaches 0.5 at 5 MHz when H. = 25 Oe at injection, and
is reduced by a factor of 4.58% = 21.0 when H, = 114.5 Oe at

extraction.
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VIII CONCLUSIONS

. The most serious space-charge effect Laslett tune shift for & = 4.
. Longitudinal microwave instability seems to be safe .
. Potential-well distortion needs ferrite compensation.

. Ordinary compensation without DC bias field gives large y and
also large u” of the order of 1000. The loss is about 100 kV per

turn and is position dependent along the bunch.

. Large transverse DC bias beyond saturation eliminate hysteresis

loss. Only loss is due to spin wave and is tiny.

. However, large transverse DC bias gives small 1/, but is still good
enough. Total ferrite length of 2.4 m is required if thickness is

1 cm.

. From injection energy of 1 GeV to extraction energy of 3 GeV, the
DC bias field need to be increased quadratically with energy from
25 Oe to 114.5 Oe. Hopefully, this can be-accomplished by using

a solenoid.
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Session on Longitudinal Instabilities
K.Y. Ng

There were 3 talks in this session. The first talk was by Y.H. Chin and H.
Tsutsui on “Microwave Instability in a Barrier Cavity”. A bunch inside a barrier
bucket behaves like a coasting beam because the bunch particles drift most of the
time. However, it-is also a bunch because of its finite length, and therefore we can
talk about bunch modes. Chin and Tsutsui demonstrated the equivalence between
mode-crossing instability and the Boussard-Keil-Schnell microwave instability. Al-
though this equivalence had been demonstrated for a resonant impedance by many
authors, they were the first to demonstrate mode-crossing instability for a pure
inductive impedance below transition, which is predicted by the Boussard-Keil-
Schnell theory. They expanded the bunch modes in terms of orthogonal functions
and compute the eigen-modes as a function of bunch current. They also wrote
a code to track the bunch particles in the longitudinal phase space, and verified
that the onsets of instability agree with theory. The code is a tracking in the time
domain and approximates a bunch as a series of triangular bunches.

The second talk by M. Blaskiewicz is on “Fast Particle-Particle Update Scheme”™
in tracking. When tracking /V particles involving binary interaction, the number
of steps per turn is usually QO(N?), which rises sharply when more particles are
required. First, the time-order of the particles are sorted, which takes O(N In V)
steps. Once the ordering is known, the positions of the particles can be updated
using a recurrence relation, which takes O(N). Thus, for each turn, the number
of steps is reduced from O(N?) to O(N1nN), and the saving in time is very
significant.

. The third talk by J. Rose is on “Stability in RHIC” against longitudinal
coupled-bunch instability. ZAP and analytic formula computations for bunches
passing through the the 2§ MHz cavity shows instabilities driven by only the first
few higher-harmonic modes {HOM). This is because the form factor falls off as the
inverse of both the HOM frequency and the square of the bunch length. Since the
bunches in RHIC will be long, the form factor is less than 0.6. Note that this is
rather conservative; for a Gaussian bunch distribution, the form factor will fall off
very much faster. Some passive de-Qing had been performed on these offensive
modes, so that the growth rates for the unstable modes will be within the range of
the injection damper rate of 10 sec™. From the MAFIA computation of the HOM
dampers, it appears that there should not be any problem concerning longitudinal
coupled-mode instability. ‘
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e The simulation for SA shows that the energy
distribution stops to blow up at the initial spread
of about 0.20%, in good agreement with the
analytical result,

¢ The phase space plots show a uniform particle
‘density after the blow-up the energy spread.

A signature of the
microwave instability
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¢ The coasting beam theory naamnﬂm.":m . .
excitation of the negative mass instability. i

j Analytical result .
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Fig.4: Coherent synchrotron mode frequiencies (/ Sg)
and the growth rate as a function of circulating current.’
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Session on Beam Loading and rf System Stability
J.M. Brennan

Emmanuel Onillon of Brookhaven gave a lecture on state variable techniques
for feedback system analysis and design. He presented a pedagogical summary of
the state variable formulation of the analysis of dynamical systems, with frequent
references to the classical transfer function technique. For feedback systems used
in accelerator applications the state variable technique is attractive because it
provides a means for optimizing the performance of complex systems where many
loops operate simultaneously. Two techniques were described which allow the
designer to find the best set of settings of loop parameters in multi-loop feedback
systems such as frequently occur in rf systems.

The two techniques, pole placement and LQR (linear quadratic regulator) were
developed in some detail and shown to be complementary. Pole placement is a
convenient technique when one wants to obtain analytic formulae for feedback gains
in the presence of a changing system parameter, such as, syvnchrotron frequency
or beam energy. LQR is a technique that obtains the optimum set of gains that
maximize some performance criterion. Tyvpically the criterion is a weighted sum
of output accuracy plus a measure of the control effort.

Onillon showed that in the design of the RHIC beam control system the two
techniques were used together. First LQR was used to produce a set of feedback
gains and the system poles were obtained. Then analytic relations were found for
the gains as functions of beam and 1f parameters by pole placement. These analytic
relations will be imbedded in the digital signal processing {DSP) algorithms for the
RHIC f beam control system. The benefit is that the system dynamics, bandwidth
and tracking error, for example, will be independent of beam energy or 1f voltage.

M. Blaskiewicz of Brookhaven presented a description of the rf system for the
US National Spallation Neutron Source (NSNS) project. Although the rf system
does not accelerate the beam because the ring in only an accumulator it is a high
power system because of very high beam loading. At 2 x 10! protons in the ring
the rf beam current will approach 80 A. Making the assumption that the cavity will
he essentially uncompensated because the injection period {j1ms) is shorter than
ferrite response time requires full reactive beam current from the power amplifier.
The system employs high power tetrodes (600 kW) which are- capable -of-300 A
peak current. Results of a detailed analysis of the tetrodes capabilities based on
the constant-current characteristics published by the manufacturer were presented.
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Results from parsicle tracking calculations which included space charge were
presented that showed the benefit of tailoring the rf waveform to increase the
bunching factor. Addition of a second harmonic voltage improved the bunching
factor by 25%, while using a isolated sinewave for a barrier bucket could give an
even greater improvement of 35intensity will ultimately be limited by space charge
driven tune spread any improvement in bunching factor will likely translate into
increased intensity.

System stability was analyzed according to the conventional considerations
used for synchrotrons even though the NSNS ring will not accelerate. Blaskiewicz
pointed out that although these consideration are sufficient they may not be nec-
essary and that further work is called for in analyzing the accumulator problem.

Roland Garoby of CERN/PS presented a brief description of a newly commis-
sioned diagnostic system at the PS that measures the phase turn-by-turn of each
bunch in the PS. The system is based on a commercial DSP board and commer-
cial constant-fraction timing discriminators. Some typical results were shown that
showed how the system can reveal coherent dipole oscillations from injection phase
errors from one ring of the PS Booster. The main role of the new system will be
in detecting and analyzing longitudinal coherent instabilities in the PS.
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Participants

Michael Blaskiewicz BNL
J. Michael Brennan BNL

Yong Ho Chin KEK

Weiren Chou FNAL
Roland Garoby CERN
Steven B. Hancock FNAL
Thomas Hayes BNL

Erk Jensen CERN
Ioanis Kourbanis FNAL
Yong Y. Lee BNL

Trevor Linnecar CERN
John T .M. Lyles LANL
King Y. Ng FNAL

Chihiro Ohmori KEK
Emmanuel Onillon BNL

Zubao Qian FNAL

Jim Rose FNAL

Thomas Roser BNL

Shinya Sawada KEK

Michael J. Syphers BNL

Arch Thiessen FNAL

Hiroshi Tsutsui KEK ~o

Tomonori Uesuigi KEK
Peter L. Walstron FNAL
Tai-Sen F. Wang FNAL
David W. Wildman . FNAL
Masahito Yoshii KEK
Alex Zaltsman ~-BNL
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