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SOLEIL Introduction

SYNCHROTRON

In (most) 4" generation low emittance storage rings, harmonic cavities (also called Landau cavities) are critical
components needed to reach design performances.

They are mainly used to lengthen the bunches which provide:
* Reduced intra-beam scattering (IBS)

* Increased Touschek lifetime

* Reduced bunch spectral width

I | » Reduced heating
» Reduced overlap with the high frequency region of the impedance spectrum

« Synchrotron tune spread
b » Help to damp longitudinal (SB & MB) instabillities.
» Can help to damp some transverse instabilities (if the head-tail mode number is > 0).

But harmonic cavities (HC) have also some drawbacks:
« They can induce several instabilities or reduce instability thresholds.
» Transient beam loading (TBL) if the beam filling scheme is not symmetric.
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SOLEIL Introduction

SYNCHROTRON

In (most) 4" generation low emittance storage rings, harmonic cavities (also called Landau cavities) are critical
components needed to reach design performances.

They are mainly used to lengthen the bunches which provide:
* Reduced intra-beam scattering (IBS)

* Increased Touschek lifetime

* Reduced bunch spectral width

I | » Reduced heating
» Reduced overlap with the high frequency region of the impedance spectrum

« Synchrotron tune spread

h » Help to damp longitudinal (SB & MB) instabillities.
» Can help to damp some transverse instabilities (if the head-tail mode number is > 0).

Subject of this talk

But harmonic cavities (HC) have also some drawbacks:
« They can induce several instabilities or reduce instability thresholds.
» Transient beam loading (TBL) if the beam filling scheme is not symmetric.
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SULEIL Overview

SYNCHROTRON

1. Introduction
1. Flat potential (FP) conditions
2. Near flat potential (NFP) conditions
3. SC passive vs NC passive
4. Application to SOLEIL-U

2. Super conducting passive harmonic cavity: 3" vs 4" harmonic
1. Slow-moving transient instabilities

2. Low current limitations
3. Impact of transient beam loading

3. Other options considered:
1. Normal conducting passive harmonic cavity
2. Normal conducting active harmonic cavity
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SOLEIL Flat potential conditions (FP)

SYNCHROTRON

The total voltage given by an RF system with a mt™ harmonic cavity (HC) can be expressed as:

Viot (t) = Vi cos(wgpt + ¢1) + Vzgmwm«"t + ¢2)

Voltage and pfz\ase of the harmonic
cavity

Voltage and phase of the main
cavity
Uloss 101

N\

Losses per
turn

Where the following condition is imposed to  V,,,.(0) =
insure energy balance:

RF Voltage [MV]
o]
]

The RF system is ideally operated at the “flat potential” (FP) conditions:

-1.01 — Main cavity

davV. d?V. Active harmonic cavity
tot tot 1
(O) =a; =0 NDND=a,=0 -151 — Total
dt dt? (0) = a s
-1.00 —0.75 —050 —0.25 000 025 050 075 100

Phase (unit of pi)

Which gives the following conditions:

2 U
cos(¢y) = m;n_ 1 ellofis tan(¢,) =m tan(¢;) Vv, = _nzlzcc(:)ss(((ibl))
2
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SOLEIL Passive harmonic cavity

SYNCHROTRON

UPGRADE Jyerivee passive harmonic cavity, the voltage and the phase of the harmonic cavity can not be set
independently. The harmonic voltage is given by: Form factor (depend on bunch profile)

V) = =21k, RSP cosCmant 4 —0) <
Beam current AN Cavity shunt impedance
Where o is the tuning angle, which is linked to the resonance angular frequency w, of the cavity by:

( W, meF) Aw & Cavity detuning

~ 20—
Wy

@) =0
Cavity quality factor

For a chosen beam current I, and shunt impedance R, conditions to get the “flat potential” are very similar to the
active case:

Mwpgrr Wy

2 Uppss V1 cos(¢1) _ (Viwgpsin(¢y) —a;) m
cos($y) = m;n— 1 elVl V2= _mlz coS(l/Jl)2 = —2lks tan() = Viwgr cos(¢pq)

But if I and R, are already fixed, only 2 degrees of freedom are left with y» and ¢, so it is not possible to
achieve “flat potential” anymore:

U AViot
Veoe (0) = =2 —— () =a;=0
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SOLEIL Near flat potential conditions (NFP)

SYNCHROTRON

1.41 —— SC Passive
The system of equation is then limited to the “near flat potential” (NFP) o eernerses
conditions: S0
Uy dv, l..
Vor (0) = —= — () =a; =0 2 .
a, =
Introducing & = —2250®2) b0 ratio of the harmonic “force” to the main cavity Wl
V1 Sln(d)l) o o Phase f?llrc:it of pi) o o
(MC) one, gives:
U sin :
cos(¢p,) = 0S5 ¢ (é1) Vo= _ Vi sin(¢)
eV, m tan(¢,) 2 M sin(ey)

Now expressing the a; and a, using ¢ gives: \

NFP (¢1,$=1)

1
6 = foprsin(op) (1- ;) — < = 0

. U 0SS 2 — 1 si
a, = —V,wip lcos(¢1) —&m f;igzz))] — a, = —Viwig [ elVl _ mm2 :;EZS +0
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SOLEIL SC passive

SYNCHROTRON

For a super conducting (SC) passive HC, the shunt impedance R; is very high, typically R, = G{, it implies that :
« The current needed to be at FP condition is very low.
* The tuning angle is fixed to ¥ = m/2 for most of the useful tuning range.

In that case, assuming ¥ = /2 and ® = 0 gives a fixed value for ¢,: ¢, =+ @Y —-—P)=—m/2

The previous equations are much simplified as tan(¢,) — —oo which gives:

' 1
cos(¢y) = glos: vV, =¢& V1 sin(¢) a; = {wgp sin($1) (1 - E) a, = _ ©rrYioss

eV1 m

So, for a SC passive HC:
« The MC phase ¢, is the same as the one used without HC.
» The second derivative of the RF voltage a, can never be cancelled and is fixed by the losses.

« The MC and HC are totally independent systems.
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SOLEIL NC passive

SYNCHROTRON

For a normal conducting (NC) passive HC, the shunt impedance R; is in the M( region, it implies that:
« You can design the system in such a way to achieve FP conditions for given current value I,.

« For all other currents, the cavity tuning ¥ needs to change to get the correct voltage in the harmonic cavity
which also change the HC phase ¢,.

Equilibrium bunch profile

160 - —— SC Passive
. V . . Active or NC Passive @ Ip

Assuming F = 1,® = 0and V, = fal gives a value for ¢, which allows to — NoHe
solve self-consistently the NFP equation:
100 ~
80
¢, = arccos(&Vy/(2mIRy)) o0
40 -

20 ’\
o

T T T T T
-0.04 —0.02 0.00 0.02 0.04
z[m]

So, for a NC passive HC:
 The MC phase ¢, needs to change when the HC is tuned in or out.

* The second derivative of the RF voltage a, can be cancelled for a single current I,.
« The MC and HC are interdependent systems.
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SOULEIL Application to SOLEIL Upgrade

SYNCHROTRON

UPGRADE
For the 3rd harmonic using V; = 1.7 MV, R, = 2.5 MQ and I = 500 mA for the NC case gives:
0.4 -1.50
| e Active ' —— Active / 1.26 - —— R
| = NC passive 0.34 —— NC passive // \\ —1.75 1
s SC passive o2d [— SC passive /,/ 1.24 \\ ~2.00 1
& / b, %
& 0.1 4 e - 4
_o4 3 g 5122 N g —225
= (004 7 \ -2.50
-0.6 (S} o 1.20 - \
=0.11 * 4 —— Active \ —2.75 —— Active
—08 0.2 1 > vy [ NC passive \\\ ' —— NC passive
: P ' —— SC passive . —3.00 - — SC passive
_0'3 7 — T T T T T T : T T T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 606 08 10 /Q‘6 02 04 60-6 08 10

Point where a, = 0 for NC passive

The result presented here is an approximation as the “ideal” cavity equations are used.

The most general case, where both the MC and HC beam loading is taken into account, can be treated with the
same equations using the total cavity voltage ¥V and phase ¢ from the phasor addition of the generator
phasor , and the beam phasor V},:

Ve=Ve? =V, + V= V,e/% + ZfoR;F cos e/ WHT=®) V=Vl ¢ = arg(V)
+
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SOLEIL Parameters

SYNCHROTRON

Fixed parameters: Options considered for the HC:

 Main RF : ESRF - EBS fundamental cavity
— Rs (per cavity) =5 MQ

1. Passive SC : Super3HC (scaled atm =3 or m = 4)
— Rs (per cavity) = 4,5 GQ

— @y, =35000 — Qo =108

— Ny =30r4 — R/Q=45Q

— B=5(Q,=5833) — Nggp =2

— V=17 MV

— frr = 352 MHz 2. Passive NC : ESRF harmonic 2-cell cavity (m = 4)

— Rs (per cavity) = 2,4 MQ

o SOLEIL Upgrade w/ Operation modes — Qo =27 000
— h=416 — Uniform @ 500 mA — R/Q =88,80
— L=354,7m — 8bunches @ 100 mA — N.gp=20r3
— EO0=2,75 GeV — 1 bunch @ 20 mA
~ @, =912 x 107> — 16/32 bunches @ TBD 3. Active NC : ESRF harmonic 2-cell cavity (m = 4)
— G0 = 9 ps — Rs (per cavity) = 2,4 MQ
— t=11,7 ms — Qo =27 000
o5 = 9 x 104 - 0,=13500 (5 = 1)
— U, =515 keV (wlo IDs) = Neaw=20r3
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SOLEIL

SYNCHROTRON

Fixed parameters:

Main RF : ESRF - EBS fundamental cavity
— Rs (per cavity) =5 MQ

0, = 35 000

N.,, =3 0r4

B =5(Q, =5833)
V. =1,7 MV

fRF = 352 MHz

SOLEIL Upgrade w/ Operation modes

h=416 -
L =354,7m —
EO0 =2,75 GeV -

a. =9,12x 107> -
Oz0 = 9 ps

T=11,7 ms

os =9%x107*

Uy, = 515 keV (w/o IDs)

Uniform @ 500 mA

8 bunches @ 100 mA
1 bunch @ 20 mA
16/32 bunches @ TBD

Parameters

Options considered for the HC:

1. Passive SC : Super3HC (scaled atm =3 or m = 4)
— Rs (per cavity) = 4,5 GQ
— Qo =10°
— R/Q=45Q
- Ncav =2

2. Passive NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Qg =27 000
— R/Q=8880Q
— N.gp=20r3

3. Active NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Q, =27 000
— Q,=13500 (B =1)
— Nygp=20r3
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SOLEIL

SYNCHROTRON

Here are the stable settings found for a 3" HC and a 4™ HC for the SOLEIL Upgrade using multi-bunch tracking
taking into account the beam loading in the main and harmonic cavity (mbtrack2!):

Incoherent synchrotron frequency [Hz]

o  ENWRF
ws =

1400

EoTo

Bunch lengthening at high current (500 mA)

[1 - &]V;sin(¢q)

1200 A

1000 A

800 -

600 -

400 -

200

——- Min fs for HC3
Min fs for HC4

0.5

[1] Gamelin, A., Foosang, W., & Nagaoka, R. mbtrack2, a Collective Effect Library in Python. IPAC’21 - https://gitlab.synchrotron-soleil.fr/PA/collective-effects/mbtrack2

0.6

0.7

3

0.8

0.9 1.0

RMS bunch length [ps]

o~ X:0s
T ~
wS
55 ;
——- Max os for HC3 :
50 4- Max osforHC4 _ _ . __ _|_ ________
——- Max & for HC3 + :
45 Max & for HC4 + :
— +
40 1
/ \ |
/ 1
_ ) |
35 :
1
R + 4
™ / 1
30 /N P
\ + ]
\ l
i \ +
25 77./ \\77 " :
+ :
20 A :
+ |
+ 1
. — 1
15 Or0 = 9 ps |
|
10 T T T T T II T
070 075 0.80 085 090 095 100 1.05
3

1.10

At high current, 500 mA In
uniform filling, the 3@ HC allows
to get a bit past NFP while the 4%
HC is limited before & = 1.

The limitation, in both cases, is
the “periodic transient beam
loading instability!?” but it is
happening at different distance
from the NFP conditions.
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SOLEIL Periodic transient beam loading instability

SYNCHROTRON

This “periodic transient beam loading instability!]” (PTBL), also called “slow moving transient instability!?l”, seems to happen when
the usual stable solution found in the case of a uniform filling beam where all the bunches have the same bunch profile break
down:

* When getting past the threshold, the different bunches have different bunch profiles.

« The system fall back to a quasi-stable state which drifts slowly in the bunch index space with time period which depends on the
cavity parameters, but which can be rather long (f =Hz).

100 4 =—— RMS bunch length [ps]
; —
RMS bunch length vs bunch index eteese
600000 120 0
Double bump
580000
80 - !
100 ) 1.04
&
560000 £
7z 2 704
80 — @ L
€ 540000 - - 102,
2 2 g
< 9 S 60 -
3 520000 60 ¢ "
§ 3 2 - 1.00
=z w 50 i
500000 >
40
480000 40 - 0.98
20
460000
30 A
0 50 100 150 200 250 300 350 400 0 100 200 300 400
Bunch index R
Bunch index
[1] He, T., Li, W., Bai, Z., & Wang, L. (2022). Periodic transient beam loading effect with passive harmonic cavities in electron storage rings. PRAB, 25(2), 024401.
I.FAST Workshop 2022 14

[2] Private communication with T. Olson (Diamond) and F. Cullinan (MAXIV), Nov 2020. [3] A. Gamelin, Collective effects studies for the SOLEIL Upgrade, ESRW’22



SOLEIL Periodic transient beam loading instability

SYNCHROTRON

It has been observed in simulations (SOLEIL-U23], Diamond-II?l, HALF!) and possibly experimentally at MAX V2]

and has yet to be fully understood.

From [1], it seems that the PTBL threshold increases with the bunch length. It then explains why the 3" HC

threshold is higher than the 4" HC as it naturally produce longer bunches.

100 1

RMS bunch length vs bunch index

600000
580000
560000
500000
480000
460000

0 50 100 150 200 250 300 350 400
Bunch index

120

[
o
(=]

w w
N H»
o (=3
o (=1
o (=3
o o
RMS bunch length [ps]

Number of turns
RMS Bunch length [ps]

[1] He, T., Li, W., Bai, Z., & Wang, L. (2022). Periodic transient beam loading effect with passive harmonic cavities in electron storage rings. PRAB, 25(2), 024401.
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SOLEIL Bunch lengthening at low current (20 mA)

SYNCHROTRON
UPGRADE N :
We also want to have the possibility to lengthen the bunches at low current, for example for the single
bunch mode (at 20 mA) where the Touschek lifetime and IBS are very critical.
. He3 T In that case, the picture is very different as the 4" HC allow to
. I .
0% L Hea 0 s ot lengthen the bunches all the way to double bump bunches in a
. - max Os :Ol' :Ez Stable : -|-i Stable Way
- p—— ax O’S Dr . - . . - g .

o Max € for HC3 double Lo The 3 HC is very rapidly limited by another instability which could
o]~ MaxEfor Hea bump beam 4 be the “fast mode coupling instability” X or some type of Robinson
=2 N instability (?).
= |
% 50 i i Coherent spectrum
5 L
é 40 4 i +: 4000

1
wn | 1 101,
= i + ¥ s000 %I’I
30 A ! v 3
"""""""""""""" '|'“"|'““" = 1o°§
+ : : % 6000 %
20 1 bt : 10_'15
+ ! I
+ : : 7000
10 - ':' N | . . : _: 102
0.7 0.8 0.9 1.0 1.1 1.2
E 2000 400(;requency[HZ] 6000 8000
[1] R. A. Bosch, K. J. Kleman, and J. J. Bisognano, “Robinson instabilities with a higher-harmonic cavity”, Physical Review Special Topics-Accelerators and Beams 4, I.FAST Workshop 2022 16

Publisher: APS, 074401 (2001).



SULEIL Impact of gaps in the beam filling pattern

SYNCHROTRON

In today SOLEIL, the “uniform” filling pattern is injected by steps of 104
bunches (¥4 of the full filling). Due to the transmission from the booster,
there is some variation of the current per bunch depending on the bunch
index as shown in the measured filling pattern taken during an
operation run:

Impact of gaps in the beam filling pattern

40 4 BN Mean value
B Minimum among the beam

N N w
o w o
I L I

=
wu
1

RMS bunch length [ps]

v 0-
HC3 -gap 1 HC3 - gap 2 HC3-gap5 HC3-gapl1l0 HC4-gapl HC4 - gap 2 HC4-gap5 HC4-gap1l0

1.4 A

=
[N
L

Bunch current [mA]

o b
[S] =
s

=]
[ ~ b
S o o
X

RMS bunch length [ps]
%)
=}

= N
o o
A .

o

=
=]
s

o
o
L

o
o
L

Measured beam filling at
SOLEIL in “uniform” mode at
500 mA

100 200 300 400
Bunch index

H
o
1

w
o
L

Simulation using the measured
eam filling (w/ 3HC).

100 200 300 400
Bunch index
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SOLEIL

SYNCHROTRON

Fixed parameters:

Main RF : ESRF - EBS fundamental cavity
— Rs (per cavity) =5 MQ

0, = 35 000

N.,, =3 0r4

B =5(Q, =5833)
V. =1,7 MV

fRF = 352 MHz

SOLEIL Upgrade w/ Operation modes

h=416 -
L =354,7m —
EO0 =2,75 GeV -

a. =9,12x 107> -
Oz0 = 9 ps

T=11,7 ms

os =9%x107*

Uy, = 515 keV (w/o IDs)

Uniform @ 500 mA

8 bunches @ 100 mA
1 bunch @ 20 mA
16/32 bunches @ TBD

Parameters

Options considered for the HC:

1. Passive SC : Super3HC (scaled atm =3 or m = 4)
— Rs (per cavity) = 4,5 GQ
— Qo =10°
— R/Q=45Q
- Ncav =2

2. Passive NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Qg =27 000
— R/Q=8880Q
— N.gp=20r3

3. Active NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Q, =27 000
— Q,=13500 (B =1)
— Nygp=20r3
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SOLEIL (AC) Robinson instabilities

SYNCHROTRON

Threshold shunt impedance for longitudinal coupled bunch instabilities driven by the main mode of the HC,
sometime called Robinson or AC Robinson instabilities, can be computed using!l:

I 0o 0o Coupled bunch mode number
ea
-1 + + - -
T =— w, » RelZ(w —zw RelZ(w +
AE v, z in RelZ(wn)] i Re|Z(wn)] wyn = {nM = (u + vs)}w,
n=0 n=0
] Number of bunches
SOLEIL-U @ 500 mA - NC passive P
10 | . S
10 — u=0 Z(w) = —
10°) H= 1+iQ, (U’”—w—)
—— u=415 r
8 |
_ 10 == 4 X fgf
) Instable
. 10?_
184
&
Q‘:ﬂ 106_
105_
Stable ?
104_
-1000 -750 -500 —250 0 250 500 750 1000
Af [kHz]
[1] Akai, K. (2002). RF System for Electron Storage Rings. In Physics and Engineering of High Performance Electron Storage Rings and Application of Superconducting .FAST Workshop 2022 19

Technology (pp. 118-149).



SULEIL (AC) Robinson instabilities

SYNCHROTRON

The working point of each system (R, Af) close to the NFP is given by the number of cavities N.,,, and the
beam current I:

SOLEIL-U @ 500 mA - NC passive Af = I&mfRF

10104
10
108

IO?‘E

Rs, max [Q]

108
1054

10%

-1000 -750 —500 —250 0 250 500 750 1000
Af [kHzZ]

I.FAST Workshop 2022 20



SOLEIL

SYNCHROTRON

In agreement with the analytical estimate, the tracking show that N, = 3
IS unstable for the full tuning range.

If Q is increased to 100 000, the beam is stable as expected from the

LCBI formula and bunch lengthening is possible.
SOLEIL-U @ 500 mA - NC passive

1010_
- — o
109 3 : ,U =1
1
—— =415
108 - : H
a : -—— 4 X fgf
= 107 1__ === 3Cav
g :4 Useful tuni
w Serul tuning range
o 10°: i until NFP
1
10° i
10% - i
1
~1000 -750 -500 —250 0 250 500 750 1000
Af [kHZ]
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SOLEIL Passive NC: 2 cavities

SYNCHROTRON

UPGRADE * (ps) RMS

45
. . . . 50000 40
For N.,,, = 2, the allowed tunning range is small, and the available range is %
. . v 40000
unstable due to the PTBL instability: 5 »
uf 30000
2 25
:ZEJ 20000 20
SOLEIL-U @ 500 mA - NC passive 10000 15
1010 10
] 00 100 200 300 400
109 _ Bunch index
T (ps) CM
108 \\\ ]
,a, 50000 {o e -
. 107 E—— = 40
g E E 40000 )
s 10° £
o 5
: £
1053 =
10
‘ °5 0o 20 ;0 40
Bunch index

-1000 -750 -500 -250 O 250 500 750 1000
Af [kHZ] I.LFAST Workshop 2022 22
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SULEIL Passive NC: 1 cavity

SYNCHROTRON
UPGRADE
: N - =096 - Af = 152 kH
N.., = 1 allows bunch lengthening up to 31 ps, £ = 0,96, then it is limited > J / ’
because of the PTBL instability. But: 7|
« The parking position of the HC, Vg, = 0 MV, would still be unstable ; °
* The dissipated power in single cavity would be too high: P. = 37,6 kW g ]
-
SOLEIL-U @ 500 mA - NC passive 10
1010 . — u=0 0 10000 20000 30000 40000 50000 000D
] : H = Mumber of turns
i -1
109_5 i o ﬁ _ 415 T (ps) RMS
108'; i - 4XfRF
g | -
5 1073 I —
E ] I /
v ] mmmm e e e e —————— = - e S
104 l
1 |
1 |
10°+ I |
3 1 I
b | I
4] L - —
10 : ! 0 100 200 300 400
T Bunch index

1000 —750 —-500 —-250 0 250 500 750 1000

| ] Af [kHZ] I.FAST Workshop 2022 23



SOLEIL

SYNCHROTRON

Fixed parameters:

Main RF : ESRF - EBS fundamental cavity
— Rs (per cavity) =5 MQ

0, = 35 000

N.,, =3 0r4

B =5(Q, =5833)
V. =1,7 MV

fRF = 352 MHz

SOLEIL Upgrade w/ Operation modes

h=416 -
L =354,7m —
EO0 =2,75 GeV -

a. =9,12x 107> -
Oz0 = 9 ps

T=11,7 ms

os =9%x107*

Uy, = 515 keV (w/o IDs)

Uniform @ 500 mA

8 bunches @ 100 mA
1 bunch @ 20 mA
16/32 bunches @ TBD

Parameters

Options considered for the HC:

1. Passive SC : Super3HC (scaled atm =3 or m = 4)
— Rs (per cavity) = 4,5 GQ
— Qo =10°
— R/Q=45Q
- Ncav =2

2. Passive NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Qg =27 000
— R/Q=8880Q
— N.gp=20r3

3. Active NC : ESRF harmonic 2-cell cavity (m = 4)
— Rs (per cavity) = 2,4 MQ
— Q, =27 000
— Q,=13500 (B =1)
— Nygp=20r3
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SOLEIL

SYNCHROTRON

The situation seems even worse for the NC active as the QL goes down to 13 500 instead of 27 000 which
lower the threshold.

Feedback would be absolutely essential to be able to operate such a system.

Rs, max[Q]

1010

109é
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Stable setting found for N, = 1
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SOLEIL Conclusions

1. Passive SC : Super3HC (m = 3 or 4)

— At high current, m = 3 allows for larger Touschek lifetime factors (up to 6,1) than m =4 (up to 4,3), as the PTBL is
stronger for m = 4.

— For single bunch mode, m = 4 seems to provide more bunch lengthening than m = 3 but other collective effects
should have a high impact.

— Important sensitivity to transient beam loading: to keep a Touschek lifetime factor larger than 3 the gap length
should not exceed 9 bunches w/ 3HC and 4 bunches w/ 4HC.

2. Passive NC : ESRF harmonic 2-cell cavity (m = 4)
— Tuning range is strongly limited by AC Robinson for N.,,, = 2/3.
— Would need a dedicated FB system, for at least u = 1, to (maybe) allow stable operation.

— PTBL is the limiting factor for bunch lengthening. For now, no idea of how efficient a FB would be against this
instability.

— N4, = 1is the only stable option w/o FB but is not possible because of dissipated power.

— Ideally, we should consider other cavity types with lower R/Q but we are limited by available HC systems at
harmonics of 352 MHz.

3. Active NC : ESRF harmonic 2-cell cavity (m = 4)

— The situation is even more dire than for passive NC as the Q, is reduced by half.
— Would also need a dedicated FB system, for at least u = 1, to (maybe) allow stable operation.
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Thank you for your attention!

Also ... two post-doc positions are open at SOLEIL:
» General beam dynamics and lattice design
» Collective effects

Contact: nagaoka@synchrotron-soleil.fr
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