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Overview

* Electron Storage Ring (ESR)

* Impedance Budget
* Collective Effects

* Hadron Storage Ring (HSR)

* Impedance Budget
 Crab Cavities

* Summary
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ESR Beam Intensity

5 GeV 10 GeV 18 GeV
Num. of electrons per bunch, N 1.7x10" 1.6x1010
Bunch Charge, Ne 27.6nC 2.5nC
Number of Bunches, M 1160 290
Single Bunch Current, I, = % 2.2 mA 0.2 mA

0
Bunch Length, o, 22.7 ps 25.4 ps 30 ps
__Ne

Peak Bunch Current, I, = Tomon 484 A 433 A 34 A
Average Current, I;,, 2.5A 2.5A 0.23A
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ESR — Impedance Budget

Components Abbreviation Number Status
Bellows BLW 350 v x2 (NEG)
Collimator Ramp' CLM 16 v
Horizontal In-Vacuum Collimator HIVC 3 TBD
Vertical In-Vacuum Collimator VIVC 3 TBD
Crab Cavity CRBCVT 2 v
Beam Position Monitor? BPM 494 v
Gate Valve? GV 30 v
Stripline Kicker? SK 18 v
Main RF Cavity? CVT 23 v
Tapered Transition in RF Section TPRD 9? TBD
Multipole Chamber Absorber MPABS 292 v
Dipole Chamber Absorber DPABS 250 v
Flange Joints FLNG 1500 TBD
Resistive Wall RW v
CSR

Coherent Synchrotron Radiation

A

1 - SKEKB design
2 - NSLS-II design

%V -Included into the total W

e Y

x10'®

10GeV_
5GeV

Wi ot (V/C)

e FFT of the total longitudinal
wakefield at 5GeV
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e The strong resonance peak
at 14GHz correspond

FCC-EIC Joint & MDI Workshop, "17-28 October 2022, CERN




Microwave Instability Threshold at 5GeV

x10™

8

Energy, E GeV 3} 10 ELEGANT 1.6M (4
e  TRANFT 1.6M (3)
Average Current, I, A 2.5 75— ELEGANT 1.6M (19
. . —— ELEGANT 8M (8)
Revolution Period, T, Us 12.79 —— ELEGANT 16M (8)
——— ELEGANT 32M (8)
Momentum Compaction, a 1.33x10-3 T
Harmonic Number, h 7560 S| %
Energy Loss, U, MeV 0.95 3.52
RF Voltage, Vip MV 12 24 6
RF Acceptance % 1.156 1.089
Synchrotron Tune, v, 0.062 0.062 /

— [ty 20 x x x
Damping Time, 7, ,,, T ms 134, 67 134, 67 0 10 'ol (mZi\) 30 0 10 ' (m?z) 30
Energy Spread, s 5.15x104 5.8x104 Energy spread o5 and bunch length o, as a function of single-bunch current
Bunch Length, o, mm 6.8 7.6  Microwave instability threshold is I, ,,, = 15 mA

' NSLS-II, APS, . eed Iess than 1M macropartlcles & 1 kick per turn for numerlcal simulations.
-Vﬂ‘ ires, at les and 8 '
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Transverse Mode Coupling Instability at 5GeV Lattice

Total Dipole Vertical Wakefield Chromaticity 0/0

1200} 1.4 x10° : : . .

1000 lg=5mA Q, = 40.165
£ sooé 2] °=SmA | Q, =37.055
SQ : < 1| 0= mA |
S 600 S 0=8MA
< 400} €08 ,=8.2MA

200} (&}

o kyp =876 V/pC/m S |
-0.02 0.00 0.02 0.04 0.06 0.08 0.10 —
o (m) L 0.4
e The TMCI at zero chromaticity E = SGel 02| . A
| . A
_ el Zﬁ ~ 07 vs = 0.06157 %3 04 05 08 07 08
VS - 2Ev,wq YITyi = By av = 26.72 Avlvg

o At22mA, X, By;ky; should noexceed < 2 X 78.195kHz e Particle tracking simulations with ELEGANT
j Z ,By] yj — = 23.4 kV /pC g M/ll,tot & WQ are not included

> Byik yi/v6 VLA g I, = 9mA * Isp=8.2mA

§)
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TMCI Threshold vs. Chromaticity

NSLS-Il (kg = 0.7) APS-U (kzo, < 0.7) EIC (kg0 < 0.7

)

C = 792 m&a = 3. 7><10—4 C=1100m&a = 5.66x107°

0.5

C =3833.93m&a = 1.33%x1073

-0-+2/+2 9 .
L ©-+3.6/+3.6 | | =
+5.4/+5.4 0 e k|
r § o5 |
7 o 5GeV lattice
Experimental data -L0 <
t E 6} ¢ W/OVVH,tQt &WQ
© - ﬁ R TR Ry S — =
0 ‘ ‘ (a) I (mA) 5|
04 06 08 1. O 1 2 1 4 1. 6 1.8 : . . ; ;
RF Voltage (MV) 0.9 gﬁ “;; - II‘V% b o | al
0.8 L Theory Vis = 4.1 MV — i
[ [ [ . Theory Vig = 8.2 MV e 3 | o o
10 |- Vre=18MV 0T 0 5 10 15
- Ver = 0.5 MV S 06 e Chromaticity ¢,
. 8 0.5
g 6 | = 0'4
< 0.3 I I I I I 1 - I 1
£ e e Two-Mode approximation valid when
(c) Chromaticity &,
N 218,05
FIG. 2. Real and imaginary parts of  for the two-mode theory k O. == — 2 0_7
(0]~ with £, =0 (a) and &, =0.75 (b). Panel (c) compares the € S aC

2 3 4 5 6 7 instability threshold predicted by theory and simulation for

Chromaticity (&)

0 1
two different rf voltages. The two mode theory follows the

theory reasonably well provided k.o, = 27¢,0,/a.Cg <0.7.
R. Lindberg,

Phys. Rev. Accel. Beams 19, 124402

Stabilizing effect of positive chromaticity and bunch-by-bunch feed back
system increase the TMCI threshold in NSLS-II.

NSLS-II sb current is limited by the vacuum activity at $xyy = +7 / +7
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HSR Beam Intensity

41 GeV 100 GeV /110 GeV 275 GeV
Bunch Length, o, 250 ps 234 ps 200 ps
Average Current, I ;,, 0.38 A 0.69 A 1A 0.69 A 1A
Number of Bunches, M 1160 1160 290 1160
Single Bunch Current, I, = Ne 0.3 mA 0.6 mA 0.9 mA 2.4 mA 0.9 mA
0

Num. of electrons per bunch, N 2.6x1010 4.8x1010 6.9x1010 19x1010 6.9x1010
Bunch Charge, Ne 4.2 ns 7.6 ns 11 ns 30.4 nC 11 ns

_ _Ne 7TA 13A 19A 61A 22 A
Peak Bunch Current, I, = N

8
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Longitudinal Impedance Budget at 41 GeV

B * Need to add the following components:

os=4mm e Beam Screen

Cold BLW + BPM: 250

Cold BLW + Pump Ports: 250

Warm BLW: 200

Arcs: 2880m of Cu

Warm Straight Sections: 120mm diam StSt with NEG
coating (1um), L=954m

e RF System + Tapered Transitions: ?

e Collimators: 3

Septums: 2 low Energy by-pass, 4 SHC, 1 Inj. 1
Extraction

Flange Joints (Steps): 1000

IR: 1

Abort Kickers: 4

Injection Kickers (SL): 20
Polarimeters: 2 pCarbon & hJet
Roman Pots: 4

40 : : : | 4 %103

beamscr: 2880 m
blwbpm: 250

30 + sl: 20

step: 1000
romp: 4

20 |

W (V)

T NN,

-10 +

20 - = rw: 2880m of Cu
5 — rw: 954m of StSt
geom

-30 - - ' 6L ‘ ‘ l
-0.02 0 0.02 0.04 -50 0 50 100

t (ps)

Geometric and RW wakefields
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_AQ, +1id \/ (AQ, +ia)” — 4K K- 1B:(Rz/Q) sin(w,mp) wr

197 MHz Crab Cavity

¢ lnStabIIItleS dr|Ven by the fundamental Crabblng RF mOde multi particle simulation, point bunch formula and simulations
» Beta function at 275 GeV is 1300 meters. Injection =130m. 0.1 ‘ -

* Rx/Q=2400 Q/m So0s berele i ens e
e 8,197 MHz crab cavities in IP 6 & 12 planned for IP8 008 1 P — 1
e Large transverse impedance of the crabbing mode oo | |
e Transverse impedance enters as ,.Z, 5
« The crabbing voltage scales as V.,.~E // BT3P = ooa 1
e 100 GeV is “easy” ol |
e 41 GeV runs up against $=200m lower limit set by optics. Jt
0 ‘ . .
qu _ ck tan(9/2) 0.4 0.3 0.2 Q_n?n.:(Q) 0 0.1 0.2

® / IB* Ichb Imaginary part of the tune versus fractional tune for 275 GeV protons.
crab xI~x

» Horizontal bunch-by-bunch feedback is required

e The bunches are modeled as two macroparticles separated by a
fixed delay 7,

hw.traceis for the nomi

10
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Impedance Reduction with RF Feedback

To include low level drive and feedback take Dy is the dipole moment from the beam
.. 0 . R, 5 x, is the effective offset of the coupling loop
V:c + W, Va: + 204V;c — awr DT (t) I; ; is the current generated by the low-level drive

that includes a variety of multiturn feedback loops
Y, is the operator generating the input signal from

Dr(t) = Dp(t) + zolpr(t) — 29Yop Ve (t — T;)  the cavity onto the feedback transmission line

D is the total dipole moment driving the cavity

L, [ —iw | Q w? oo Ty 7 ;
i@ [erx g R_x ( B w_?> + xoYop(w)e “rd| = Dy + zolrr Eq. (18)

leOY'OP (w) — —iw/(ereff) M. Blaskiewicz

Yop happens automatically when we couple to E.

Setting the delay to an integer number of RF periods reduces the effective impedance near
resonance.

Qerr=

for reasonable phase margin (Boussard & Lambert 1983)

4f{es-£delay |




TRANFT Simulations w/ Feedback

H ; _ ; M. Blaskiewicz, “Instabilities driven by the fundamental crabbing mode”,
For simulations purpose the long-range transverse wake is BNL 20 a0 L TECH. BICADD TN 023
modeled as the real part of the function

1 | I I | I I I |

0.8
W,(t) = Zz’Wk exp(—at —iwgt) fort >0 os | V

k = 04Ff

wy, are on a uniform grid and W, obtained using least squares § oz b
N° 0 F—————-~ ‘ ]
10 resonators are used to fit the blue curve £ o2l i
A least squares fit is applied £ o4l i
-0.6 | .
-0.8 _
_1 | | | | | | | |

0 50 100 150 200 250 300 350 400
index
FIG. 4: Transverse impedance of one 197 MHz crab cavity with strong feedback. The red curve corresponds to equation (18).

The first 201 points are Re(Z;) and the second 201 point are Im(Z;). The blue curve is a least squares fit using 10 resonators
of the form shown in equation (1).

M. Blaskiewicz
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Summary

e Work on Impedance Budget for ESR and HSR is continued

* The Collective Effects Simulations have been performed for ESR w/ up-
to-date Impedance Budget. The instability thresholds are above the
required single-bunch current of 2.2 mA

 The crab cavities in the ESR and HSR can lead to very strong transverse
coupled-bunch instabilities.

 Transverse Bunch-by Bunch Feedback is required during injection and
ramping in the HSR to suppress the instabilities.

e The proton beam is stable during store due to large synchrotron tune and
beam-beam tune spread.
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Back Up




Calculation of the Pseudo-Green Function

» An important part of wakefield simulation is determining the accuracy and numerical resolution required
for a particular component.

 Codes typically calculate the wakefield from a Gaussian bunch of rms length o, so that the numerical
mesh needs to be small enough.

* To resolve the short-range wakefield accurately, the mesh size requires to be:
e A < 0,/20 in GdfidL. Parallel computing. Linux based.
e A < 0,/5in ECHO 3D. Indirect integration method. No option for parallel computing yet.

» The wakefield is used as a pseudo-Green function in tracking simulations to determine the collective
effects impact on the beam dynamics.

» The wakefield should be calculated with a source current whose length is 65 = 045/15
 The requirements above drive the computer power resources.

» RF heating and/or low frequency modes can be calculated using a source current 6, = g.

Review Article, A. Blednykh, G. Bassi, V. Smaluk, and R. Lindberg, “Impedance modeling and its
application to the analysis of the collective effects”, Phys. Rev. Accel. Beams 24, 104801 (2021).
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Flanges

g=15mm
I o Total: ~2000 — 1.5mm
Time —=n A= 0.05 mm N
. , \_ IO.25mm
- 6 ><10" ' . '
0.5mm
e ‘| |
| 2| | o Factor of 10!
S o
=)
4 -0.04
6 - -0.06 | U -
kioss = 5.9 uV|/pC (o = 7mm) kioss = 12 pV /pC (0 = 7mm)
T o 5 10 R 5 10
s (mm) s (mm)
| Longitudinal wakefield g = 1.5mm
e Slotregime g <o A=d —b = 0.05mm
1 1/d— b\2 2 o=7mm
Kloss = _(—) (E) (d—b<g) b = 18 mm
b\ o o .

=

) ),
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ESR Horizontal In-Vacuum Collimator

35.842 [910.38 mm]

H collimator 210811[1].pdf

e The total length is 910mm, with a ~370mm taper length.
e e e The middle section has a rectangular profile.
N | » Presently we compute the geometric wakefield only.
| | » More information is required on the material choice for the
oo e | .
- ot ¢ i ey e movable. jaws.
FILENAVE: Hcalimato 18mm gap 21051 R100 Available NSLS-Il Computer Resources
28 .
i 23 x24 CPU's & 23 x 750 GB RAM  D. Hidas
|| P [ — | Collimator Computer Resources Usage
A S o GdfidL Algorithms
= .l S Gl o e Finite Difference Time Domain (-fdtd)
A Transition | fmm - ECHO 3D e Moving Window (-windowwake)
ransition 1mm - GdfidL (ww) .
e T —— 10 _ . : 1J0 o C)'S = 0.5mm —» A= 20 um — 88.4Xx10” mesh — fdtd
s (mm) s, (mm) . =1mm - A= 50pum - 5.3x10° mesh — fdtd
Longitudinal short-range wakefield W(s) G. Wang e 5,=05mm - A= 20 um - 1.3%10° mes
* Codes benchmarking: G. Wang, M. Blaskiewicz, A. Blednykh and
50 M. Sangroula, IPAC2021 Proceeding, WEPAB032

LR, Bled Accel P ectron Ring Va ems Revie ovember 8 20
‘



ESR Vertical Collimator (W,p) ¢

At open position

SECTION A-A

F36

| J M. Valette, A. Drees, C. Hetzel, J. Belong, G. Wang, M. Blaskiewicz
= 20um STEPSIZE - GdfidL
80 250 T T T T T T Collimator s (m) near up/downstream |beta_x (m)|beta_y (m) D_x h:flf—gap half-gap
. (m) | (sigmas) | (mm)
ool GdfidL 0.5mm | | Primary H 2483 | Q11 @1 upstream 51.00 2400 | 000 | 1330 | 1343
ky =45V/pC/m € — ECHO 1mm Secondary H 2504 | Q9 @1 | downstream | 5100 | 2400 | 000 | 1455 | 14.69
3 150 —— GdfidL 1mm_ | Secondary H 2526 | Q7 @1 | downstream | 5100 | 1400 | 000 | 1455 | 14.69
for a 7mm bunch S Primary V 3190 | Q6@3 |  upstream 1100 | 5500 | 000 | 2445 | 654
len gt h S Secondary V 3219 Q6 @4 upstream 11.00 51.00 000 | 2935 7.56
Secondary V 3250 | Q9 @4 | upstream 2800 | 5200 | -035| 2935 | 763
Injection absorber (V) | 1954.771 | Q9 @12 upstream 46.62 11.54 -0.69 45.00 43.45
Momentum (H) 32995 RI5/16 @]  middle 1900 | 3300 | 067 | 1298 | 8.00

e Contribution of three VCLMSs is ~30% of the presen
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