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e Recap the well-known instabilities
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New generation synchro. rad. storage rings

More than sixteen 4t generation light

source facilities are in operation or under
construction/planning worldwide.
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Ultralow emittance (stronger focusing, smaller
dispersion); smaller vacuum chamber; high beam

current.
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Intra-beam scattering , Touschek effect
Instabilities: single bunch, multi-bunch

Heating issues: parasitic energy loss
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Double RF systems

University of Science and Technology of Ching
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* Double RF system:

main cavity & harmeonic cavity

HALF double RF system
Configuration

500 MHz
SC cavity

1500 MHz
SC cavity

— Total voltage
--------- main RF voltage
----- 3rd harmonic =

electron bunch

Voltage (MV)
=
=

Phase (rad)

J. M. Byrd, et al., PRAB, 2001

DIAMOND-II BESSY III
ELETTRA 2.0 ESRF-EBS
Active for a potential
longitudinal injection AL FILH A SEL A=t )
hg ) Other options
scheme .
SIRIUS PETRA IV MAX IV 3 GeV considered
HEPS SLS 2.0 SPS II SOLEIL-II
SC Active SC Passive NC Active NC Passive

Courtesy Francis Cullinan( FLS2023)



Recap the superconducting harmonic cavities o Sowivenes Rdiion

In 3" and 4t generation synchrotron storage rings:
SLS/ELETTRA/SSRF; SLS 2/ELETTRA 2/Diamond 2/Sirius/APS-U/HEPS/HALF

SLS/ELETTRA, SLS 2/ELETTRA 2
Passive, ~ 1500 MHz @ 4K
Two cell, w/o coupler

SSRF/Diamond 2/ Sirius
Passive,
~ 1500 MHz @4K

Cu wall with Nb coating Two cell, w/o coupler

| APS-U, passive, HALF, passive,

~1408 MHz@2K 2 MHz @ 4K ~1500 MHz@4K
Single cell, = Single cell, Single cell,
w/ two couplers w/ one coupler w/o coupler

RF power HOM
Absorber Cavity coupler  Absorber




Dominant coupled-bunch modes -

 (Cavity fundamental mode impedance TR 0.0 0. 0.0 0. 0. 0.9
* Of primary interest are the low-order coupled- _
bunch modes: 0, 1 T

RF bucket index

i : : Mode +1 instability oscillati
* Mode 0: all bunches oscillate in phase, with zero ode =1 Instability oscillation

phase difference —

201 -

* Mode *1: adjacent bunches have a phase _
difference of 2w /N, N is the number of bunches  ** ®* ©® ¢ o o o o ©* ¢

-10 —

AT, (ps)

20 -

0 4 8 12 16 20 24 28 32 36
RF bucket index



Recap the well-known instabilities

National Synchrotron Radiation Laboratory

In Chao's book
AC Robinson
_ Growthrate: 71 o [ReZ|| (w13 + ws) — ReZj(w1 3 — wy)]
DC Robinson
D-Q coupled Robinson
(a) Main cavity (b) Harmonic cavity
Mode 1 & PTBL ‘ {
D-mode (cavity mode) = =
. S S
Mode 0 (beam-cavity-LLRF) 2 £
hwo — wy hwy hwo + wy e nhwy — ws nhwy nhwo + ws e

K. W Robinson, CEAL-].O].O (1964) Damping contribution: R, < R

Antidamping contribution: R, > R

A. W. Chao, Physics of Collective Beam

Instabilities in High Energy Accelerators The MC is negatively detuned,

(Wiley, New York, 1993), p. 162. which damps the AC Robinson
A. Gamelin et al., PRAB 28, 054401 (2025). instability.

The HC is positively detuned,
which drives the AC Robinson
instability.
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AC Robinson Phasor diagram for the main cavity voltage

DC Robinson As the beam current increases, the detuning increases, and V

g
gradually shifts from the third quadrant toward the second quadrant.
D-Q coupled Robinson

v, Vyr = 2ipRy
Mode 1 & PTBL =
D-mode (cavity mode) s
Ve
Mode 0 (beam-cavity-LLRF) . _
Raise the cavity voltage
% v, With a negative loaded angle
me ‘ (-5° to -10°).
T. Yamaguchi et al., PRAB 26, 044401 (2023). Vgr = 2i Ry,
F. Pérez et al., Proc. IPAC’24, WEPR76
(2024). * Only the generator voltage V;is capable of focusing the beam
S. Sakanaka et al., Proc. |PAC’25, WEPSOO07 ° Focusing: Vg lies in the thlrd quadrant

(2025) » Defocusing: V lies in the second quadrant
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Recap the well-known instabilities Nadom! eteocon adafo AN

AC Robinson MAX-IV 3 GeV ring
. 1400 —— e 3.0
DC Robinson > : m
1200 N TN Quadrupole | 25 2
> 3
D-Q coupled Robinson 5 2088
L. 1000 -
7y = a
Mode 1 & PTBL 5 800 ! 1552
=3 pdap S8
. b} \ 1.0 —
D-mode (cavity mode) = 600 [ prodicted S 5 %
Measured T 0.5 E::n_
Mode O (beam-cawty-LLRF) 4001 . Energy spread a1
50 100 150 200 )

Landau cavity voltage (kV)

F. J. Cullinan et al., IPAC2020

R. A. Bosch et al., PRST-AB 4, 074401 (2001).
F. J. Cullinan et al., Proc. IPAC’20, WEVIRO5
(2020).

M. B. Alves, PRAB 28, 034401 (2025).

* Dipole mode: bunch-centroid oscillation;

* Quadrupole mode: bunch-length oscillation

* Triggered when the two mode frequencies coincide
* Mode 0 damper is a must

10
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AC Robinson

2018 Vlasov-based theory, Mode 1, imaginary part of Imp. M. Venturini, PRAB 21
DC RObInson 2022 Tracking simulation, description and definition of PTBL T. He, et al., PRAB 25 (a)
e 2022 Centroid perturbation theory, approx. threshold formula T. He, et al., PRAB 25 (b)
D-Q coupled Robinson P YV, PP
2024 Experimental observation F. Cullinan, et al., PRAB 27
MOde 1 & PTBL 2025 ALBUMS - an open-source Python package, fast tool A. Gamelin, et al., PRAB 28
e 2025 Lebedev equation, Gaussian LMCI, pycolleff M. B. Alves, et al., PRAB 28
D-mode (cavity mode) ¢ e —
2025 PTBL in triple rf systems, SSRM J.C. Xiao, et al., PRAB 28
MOde 0 (beam-cawty-LLRF) 2026 SSRM-based fast calculation of PTBL J.C. Xiao, et al., NIMA

A common instability challenge in limiting bunch lengthening in 4t

generation storage rings

z
E
2300’ A Rewmroner iy ’  PTBL/Mode 1: imaginary HC impedance driven; low frequency (no Landau
T 250! E;g:ﬂ."bi:iﬂ“;:‘.‘:ﬂ; . damping); scales with R/Q - I,
£ ' * Mitigation: choose a low-R/Q cavity scheme — room-temperature TM020
| (low R/Q) / superconducting TMO10 (less cavities)

]

o o o0 e oo * Calculation methods: tracking simulation & linearized Vlasov equation
MC voltage [KV] e Accurate calculation: centroid + bunch-length perturbations together

J.C. Xiao, et al., NIMA 2026 -


https://doi.org/10.1103/PhysRevAccelBeams.21.114404
https://doi.org/10.1103/PhysRevAccelBeams.21.114404
https://doi.org/10.1103/PhysRevAccelBeams.21.114404
https://doi.org/10.1103/PhysRevAccelBeams.24.104401
https://doi.org/10.1103/PhysRevAccelBeams.25.024401
https://doi.org/10.1103/PhysRevAccelBeams.25.024401
https://doi.org/10.1103/PhysRevAccelBeams.25.024401
https://doi.org/10.1103/PhysRevAccelBeams.25.094402
https://doi.org/10.1103/PhysRevAccelBeams.25.094402
https://doi.org/10.1103/PhysRevAccelBeams.25.094402
https://doi.org/10.1103/PhysRevAccelBeams.27.044403
https://gitlab.synchrotron-soleil.fr/PA/collective-effects/albums
https://doi.org/10.1103/PhysRevAccelBeams.28.054401
https://zenodo.org/records/14217110
https://doi.org/10.1103/PhysRevAccelBeams.28.034401
https://journals.aps.org/prab/abstract/10.1103/zd54-9t48
https://doi.org/10.1016/j.nima.2026.171553
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AC Robinson

DC Robinson

D-Q coupled Robinson
Mode 1 & PTBL

D-mode (cavity mode)

: Next, we will focus on...
Mode 0 (beam-cavity-LLRF)

12
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D-mode instability

Driven by the high-Q; fundamental mode of
a superconducting harmonic cavity
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Discovered in tracking simulations

* The shorter the radiation damping time is set, the faster the instability grows.
 This is related to the ultra-high Q,value; the oscillation frequency is slightly lower than the harmonic
cavity detuning frequency.

HALF 2.2 GeV ring @40 mA, HHC Afr=5.8 kHz

TABLE I. Main parameters of the HALF storage ring used for

the following calculations. ) | » l.
Parameter Symbol Value

Beam energy E 2.2 GeV i

Ring circumference ¢ 479.86 m Bunch centroid RMS-bunch length

Assumed beam current 1y 40 mA -10 - - 10 : . ) ‘ .
Longitudinal damping time T, 14 ms 05 1 L5 2 25 3 0.5 1 5 2 25 3
Momentum compaction a. 94 x 1073 3 turns x10° <10 turns % 10°
Harmonic number h 800 4 10 - ‘ - - 15 ’

Energy loss per turn U 400 keV

MC voltage Vi 12 MV 2|

MC normalized shunt impedance R,/Q, 45 Q AN e= 10

MC loaded quality factor 0, 1.14 x 10° v

MC detuning Af ~700 Hz 2] : e o

PSHC harmonic order . 3 . Relative energy error S RM§-energy spread |

PSHC normalized shunt impedance R,/Q, 39 Q 0.5 1 1.5 2 25 3 0.5 1 1.5 2 2.5 3
PSHC loaded quality factor 0, 2 x 108 turns % 10° turns % 10°

Self-consistent multi-macroparticle, multi-bunch tracking simulation
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Discovered in tracking simulations

* The shorter the radiation damping time is set, the faster the instability grows.
 This is related to the ultra-high Q,value; the oscillation frequency is slightly lower than the harmonic

cavity detuning frequency.

SSRF 3.5 GeV ring @200 mA, HHC Afr=19 kHz

Energy 3.5 GeV 20 | ‘ |
Current 200 mA E 'g'_ 40 = ] —
. 0 pe =
Circumference 432 m A -
V © 20 -
Radiation loss 1.7 MeV -20
: Bunch centroid ‘ RMS-bunch length

Harmonic number 720 40 , , , | 0 , ~ | |
Momentum compaction 4.2E-4 2 4 6 8 10 2 4 6 8 10

| | turns «10% turns % 10%
Radiation dampin 3 ms -3

pine 0.01 Pl
Energy spread 1.11E-3
Main voltage 4.5 MV 0.005 37
MC R/Q 44.5 * 3 Ohm % 0 ) -
MC QL 1.6ES 0,005 ) — ]
MC detuning frequency -2.9 kHz Relative energy error | RMS-energy spread
-0.01 0 s s

HHC R/Q 88 Ohm 2 4 6 8 10 2 4 6 8 10
HHC QL 2e8 furns x10° turns «10%

15
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Some clues for the D-mode Robinson ————-“

> Observed in 3" rings: ELETTRA/SLS/SSRF

Comparison at SLS 100mA, ELEGANT and Bosch

55 | <& Simulated

= = Measured

==s20000 Bosch: Dipole
sofll Bosch: Quadrupole

down to 100 mA. To keep constant the effect of the S3HC

* ELETTRA (2003) a voltage feedback has been implemented which acts on
the tuning system of each cell. The feedback is opened at

M. Pedrozzi, et al.,PAC2003 about 160 mA because, for lower currents, the S3HC
frequency approaches the +3fs sideband; an instability is

then observed causing beam loss. @ Appro ach +3fs

* SLS (2022): Beam loss at 100 mA when detuning <23.6 kHz. @BOSCh'S theory

w
w

* SSRF (2023): Beam loss at 200 mA when detuning is close to the resonance. 2 4 6 : 8 10 12
Frequency [kHz]
(3)Approach 3frt o
» Tracking for 4t rings: ESRF-EBS/SOLEIL I1 bTtes il (G el L A2

Coherent spectrum

———3" HG at 1.81 MV
4™ HC at 1.36 MV

ESRF-EBS (2017)
N. Carmignani, et al., [PAC2017

In case of low beam current, the passive harmonic cavity
has to be tuned close to the resonance frequency to have
the desired voltage and it results in being unstable. The
longitudinal center of mass of the beam starts to oscillate at
the detuning frequency of the cavity, which is of the same
order of magnitude as the synchrotron frequency. At higher
beam current, the passive harmonic cavity has to be detuned 0 50 100 150 200 250 300

more and the system results in being stable. R/Q (0) Alexis Gamelin (@ HarmonLIP 2022

—
[a%]
{=)

4000

100
5000

80

HHC detune [Hz]

(@AC Robinson

6000

60

“pnee) spnydwe 133

7000

40 |

20

2000

4000 6000 8000
Frequency [Hz]

Threshold AC Robinson instability (mA)

() Bosch’s theory or approach 1fs
Which one is correct? How to explain this instability?
16
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D = m o d e RO b i n S o n i n Sta b i I ity National Synchrotron Radiation Laboratory:

Constraints: ideal main cavity + passive harmonic cavity & uniform filling

. oA An fommmo—moom N {’ ----------- ‘
* Single-particle model f{ b1 woloac
P 107 — wg? Hilﬁ Z {PMwoZ(pMw,) — (PMwo + pwy + DZ(pMw, + pwg + 0)} =
* Dispersion equation: ‘e_________ J 4T /e — )
(2oLl foohae [ mhwoRf () """" Z( ) 0
12° — ws“Hi—it+ i X {— —w W Q) Wy, ) (1=
S NS R 7T W Qaf, PN EI PTINR)
ideal MC rad. damping HC impedance
* Numerical root-finding algorithm @) = 02 2 20) + -woloac .nhwoRf; +7,(0}) -7, (w3)
B = ) l— X{—l——— — Wy ) — W w
- minimize the absolute value 9 s 2nE /e 04, I\ Wp p 21\ Wp
.‘k 2000 T T T T T g T 21
Ql [ws —X,m < <ws+ Xrn] il el ” . o« .
Y, <0 <Y, =" Find two minima:
Yy feeengen ¢ |x
T o W] e Al One close to fs: S-Mode, Beam-Mode
o log(|g(Q)]) mo/ “’2::” : —|“ * The other close to Afr: D-Mode, Cavity-Mode
—Y, l g of “ N. Towne and J.-M. Wang, “Spectrum of single bunch lon-
g > '000\ > . . gitudinal dipole modes,” Physical Review E, vol. 57, no. 3,
wS Tﬂ'— ws TT[ -200?000 15I00 20‘00 25‘00 30‘00 35‘00 4(;00 4500 50‘00 55‘00 p 3461 . 1998.

Q /27 [Hz]

T. He, et al., PRAB 26 (2023) HALF @ 40 mA, HHC@ Afr=6 kHz .



° ° ege University of Science and Technology of Chi
D - m o d e RO b I n S o n I n Sta b I I Ity National Synchrotron Radiation Laboratory

Impacting factors investigation: rad. damp. time; HHC Q, & detuning

HALF 2.2 GeV ring @ 40 mA, HHC@ Afr=6 kHz
L]
Insights: m— ] i S
——8 mode @ Eq. (6) h
. ——D mode @ Eq. (6)
@ Shorter rad. damp. time — suppresses S-mode, ~1000 o DmEdZ@";”ckmgp/ 00 1600 ( ——sma ol
T i g = | —— D mode @ Eq. (6) N
promotes D-mode growth, and increases D-| 3 205 = 75 =
= -3000( £ 21500 2
mode frequency. § s 1oo§ 51450 s 3
@ Larger Q; —weakens S-mode, but enhances - 0 o K 5775
D-mode. 0000 T 000 2000 3000 4000 5000 1350 . o 5 0
o o D i te [1/ ot
® Smaller cavity detuning — promotes D-mode. ameng eie 1] Damping time [ms]
@ When D-mode approaches S-mode, they 200 | ]2 15 }10° A
": -------- - £ 0 Circle 2 ms
merge, causing S-D mode coupled instability | . S I Square 14me] MM s
. o '; 05F mode
with a large growth rate. s N T o oo
= - 0 -6 = :_h 0 ‘»‘I: ';F “-A-a-anee
& D-mode frequency is slightly below the cavit e e | ; -
q y g y y \_."*: 400 Tg,,mje @ Eq. Iim ~8000 &3 _0.5 S mode Af =6200 Hz <000
—4 i maode @ Ir.ar.- :(?g
detuning frequency and well above the 0 Smowauming 1000 1 500
. -600 : - . - -12,000
synchrotron frequency, so no Landau damping. T (N O 000 a0 s000 6000
PSHC quality factor Q /27 [Hz]

18



Analytic formula for D-mode Robinson WA

Why does radiation damping promote the D-mode?

* The D-mode frequency characteristic allows us to simplify
the dispersion equation and derive a simplified relation 02 + i& — w2 — i Z {izi(‘”;i) _ iZi(“’Ej)} —0
that includes the main cavity beam loading (j = 1). tz j=1n
HC detuning
A ” :
rn zl — Wy Eanwrn Enwran
* D- ; = — — Aw,* — + = Aw, + =0
D-mode frequency: Q= Awyp A(Jl)l W, ( 5 200 8QnAwm2> W 1o, Q.
— b; = &R, [cos®(p_) - COSZ(¢+)] <0
* D-mode growthrate: Q. ~ by + by = 20,/ ,
Zﬂr - kn - k]_ léan(")rn Eanwrn
bx———>0 k, = > >0
4Q,%Aw,> 2Q,Aw,
2
k n’R,Q; [ Wy b, +b; —2Q,/t Normal, 202, >k,
* For SLS/ELETTRA: > = d > 10 |:I'> D 1 I/ &
/ |ki| © 8QnR; (A(IHQl) & 2Q,. -k, D-mode, 202, <k,

Radiation damping does promote the D-mode! .



Application to ELETTRA/SLS/SSRF N ——

Without PI feedback: NC MC promotes the D-mode.
With PI feedback: NC MC can suppress the D-mode to some extent.
SC MC: weak effect on the D-mode.

* Theoretical Calculations and Tracking
Simulations for ELETTRA/SLS/SSRF

T. He. et al., PRAB 27, 064402 (2024)

(ELETTRA'’s results not shown here, see details in this ref.)

. 4
SLS MC: Q,~10 SSRF MC: Q; ~10°
40 25
APt = FoptlowrR . T 0
' VoPtQ £ g
h £ 5 197 w/ MC @ Eq.(30)
. ) L = ideal MC @ Eq.(30)
Near-optimal detuning 2 © 10 O wINC @Track
g W/ MC @Eq.(30) <tk =1k=10"" % *  k=1k=10
frequency fOI‘ bunch £ 100- = ideal MC @Eq.(30) e k=3 =1074 £ 5t 4k =504=10""
len gthenlng 5 w/ MC @Track APt - A
iqeal MC @Track ‘ . 0 . 7 n 5
90 110 120 130 140 150 160 100 150 200 250 300
Beam current [mA] Beam current [mA]
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S u p p re S S I o n Of D m o d e National Synchrotron Radiation Laboratory:

-10

Cavity voltage , R ‘. '_ wrnt N D R Eq. (30)
perturbation V S>tAwrnt 51 20 2 5 “n23

- cave S ei_~x . o
evolutionas LUV’ : [1 i ©
seen by the Perturbed cavity Oscillation Amplitude § -20 7
beam: voltage phasor  frequency decay

o . .

Normal-conducting: QL ~ <1e4; Superconducting: QL ~ >1e8 2 10 20 30

PSHC detuning frequency [kHz]

e Discussion: How to suppress this instability?

Cavity parameter optimization:

1. Moderately reduce the loaded Qy, Guidance for SC HC development:
2. Choose R /Q properly according to the target beam NbsSn & 4K - 2K: Qy , ™ Q, > T
current, avoiding operation at a low detuning frequency srtEnaere e Farr (Barae e sre s et

3. Lower the MC voltage to reduce the HHC voltage
requirement, thereby increasing the HHC detuning

> Recommend Q. reduced to ~107

21
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Zero-mode instability

Under the coupled scenario of the beam,
harmonic cavity, main cavity, and LLRF feedback



What problem are we dealing with? o

* A complex multi-factor coupling problem: beam—harmonic cavity—main cavity
and 1ts low-level RF feedback (PI controller)
Key issue: How to establish a more realistic mathematical model of the low-level
RF feedback?

LLRF
Feedback

© - ®}¢

MC Voltage HC Voltage

Longitudinal Dynamics

23



A realistic LLRF model used for tracking simulation @b uubsinitis

Modelling the PI controller

Pick up-Down conversion-ADC-I/Q Demodulation-FIR Filter---PI---IQ Modulation -DAC- Upconversion

- Solid state ~ RF station V
ystron amplifier set
D 500 MHz < Up Desired
own >
Mol | Converter voltage
C ontrolled by FPG A Reference_I Disturbance 1
Dir 1 | outout 1
Voltage | il o
1Q [l Acos @ Asin® 1 0—(PL»O— 1Q DAC >T~
CLK @Demodulatu. —Asin@Acos 6 .Q@—l-r modulator Del
. Volt: : , e
smHz | S L LKA | — I DO [oupuo  100MH: L b -
- | Reference_Q - pjcrurbance Q CaVity
100 MHz " Bcos6 Bsin6 —Dird
S— \— Bsin @ Bcos 0 L Dir Q
SSRF- LLRF block diagram modified from the Fig.1 in PI gains: Kp, K, ; Loop delay: t4

[Y. Xia, et al., NST 2019]

Implemented into the STABLE tracking code
T. He et al., arXiv:2601.05541 (2026), Fig. 2. https://eithub.com/hetianlong-afk/STABLE
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University of Science and Technology o

Dispersion equation for coupled bunch instabilities @) iEiiits

+ 0o

. . . . 2 2 . IOC(C
* Dispersion equation: 2° —wg; = —

lmpz_oo[pl\/l woZ0s(PMwg) — (PM + wWwo + 2)Z0e((PM + Wy + 2)]

Total cavity impedance = closed-loop main-cavity impedance + open-loop harmonic-cavity impedance

« Open-loop cavity impedance: Z5.(w) = s Zpe(w) = s
1+ lch(wr,mc/w - w/wr,mc) 1+ lth(wr,hc/w - w/(‘)r,hc)
=4 s, )T
. R, . 9
vV —>( )—"PI Controller[—{ e!? A -
s?t . ]_{ . Output hold Buffer delay Main cavity
Desired \ K.+ Ki R eibaTy zol
Voltage P 9 me
1% | >
< v > : —lwtg AV
c Cavity = Pl controller R, (V) Voltage averaging
Averaged. — "Rl == = —> Delay K; LI N
Voltage (wy, Ry, QL) G = Kp + m Hmjg = mzjzo elo@llp
v&'et
e Closed-loop main-cavity impedance: » Effective open-loop gain function:
Zne (@)
Z¢ (w) = _ 12 i6w(Tg+Th) Sw = w —
] Terr(bw) = Hypg(Ow)G(Ow)e dvib) 0w = W — Wy
1+ Teff(aw)zglc(w) eff( ) avg( )G (bw) f
25




University of Science and Technology o
National Synchrotron Radiation Laboratory:

* Two methods are introduced: a dispersion equation (single-
macroparticle model) and a tracking simulation (multi-macroparticle
model). Both include cavity beam loading and main-cavity LLRF

feedback.
* Next, Let’s see Mode 0 instability results for HALF from both methods.

26
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C a S e Of H A L F National Synchrotron Radiation Laboratory:

* PI feedback parameter scan (kp' kl-)—> Mode 0 instability occurs over a fairly wide parameter range

* This Mode 0 instability mainly arises from improper selection of the MC PI feedback parameters and
is independent of the HC operation.

Almost no bunch lengthening 4x bunch length
10
78 . . . . 1 Af, = 300 kHz Af, =55 kHz
6F o =716ps wlo HC 7 - : : e
5F @ 7.94 ps g A fr =300 kHz - 3
|72) — T o T
S| o =3147ps Af =55kHz | E 5 - r
[—) v () - é X ;
2 £ x E g
Z3r 1 =g s .
[
A
2 - -
1 A/—R —
0 ] l 1 ] ] 3900 500
-150 -100 -50 0 50 100 150 -
T]lTle pS] = r 3000
-2 2500
; —"_ 2500 5
HALF R/Q (o] £ e T vy
= 2 - g
@350 mA Q] .g g 1500 % 5: 1500 Eg
- = o 2 I
D = 1000
:q 1000
Main cavity 1l.1e5 -7@1.2 MV £
Harmonic cavity 40.5 4e8 300/55 5 ——————— X

kl’
27
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Why PI gains affect the zero-mode instability? Nt Smeinonon Radisden AN
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Summary W ——

* Two types of Mode 0 instabilities have been introduced.

* One 1s driven by the high-Q;, impedance of a superconducting passive harmonic
cavity. Its special feature 1s that i1t is enhanced by radiation damping.

* The other 1s unrelated to the harmonic cavity and 1s caused entirely by improper PI
feedback parameters of the main cavity. It can be avoided by choosing appropriate
PI gain parameters, or by adopting a dedicated Mode 0 damper like the one at
MAX IV.

Thanks for your attention !
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