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Relativistic Heavy Ion Collider

Collide Ion
— AuT@-Aut’ - 100 GeV/n
— pt-pt - 250 GeV

Six Arcs (Bending + Focusing
Magnets)

Six Interaction Regions (IR’S)

Transverse Kickers, AC Dipoles

Beam position monitors (BPMs)
— 72 dual-plane (IR's)
— 176 single-plane (Arcs)

WCMs, IPMs, BLMs...
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Some Basic Concepts

r(s) = xzo(s) + xg(s) + Dz(s)d

Hill's Equations:

a: + K.(s)x(s) =0
y + Ky(s)y(s) =0

Solution:
z(s) = /2JB(s) cos (¢(s) + ¢)

CS Invariant:

2J = 7x2 + 2axx’ + BLU/Q — €
a=-072, y=0+a)/p

Phase Advance:

1
ds
s)

Y(s1 — s2) = /Szﬁ(

Tune:

1 1 ds
Q—Elbc—g —

One Turn Map:
xr L T
o= el 2,
Mc =1Tcos (o) + Isin (Ye).

=[39] 5-[5 4

Stable Motion: [trM| < 2







Linear Optics
Bry & Py




Physical Base Decomposition

Turn-by-turn BPM data matrix can be decomposed:

bt bl bl ... i gt ... ¢} T
ok b Lo g
B=1| .3 =| . o +N
! " f1
; nxm L 11 4 N -
d — rank of the matrix Q FT

[q1...q4] — temporal series, [f1... fq] — spatial series

Singular Value Decomposition:

B=UZvli=%" aiuinT

> - Singular Values
U - Temporal Vector
V - Spatial Vector



Transverse Motion - 1D (J. Irwin et al.)

Assume only betatron motion (no coupling):

z(m) = 1/2JBmcos(¢¢ + ¥m)

B=Uxv?’
Cuf up ] 'ao+ 00_ U I s vl_ 1"
wb o oug : Om vt v,;
ut = f{; cos (¢t — ¢o) vy = %[mcoswowm]
+
w = - ;& sin (¢ — o) U = %[msm(qﬁowm]



RHIC Optics Measurements

v=tant(Z2); 8= ()03 +o%02)
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*** Beta-beating evident (10-15 %)



Linear Coupling (x-y)




Linear Betatron Coupling

Coupled Oscillators:

'+ Q% = —ky
V' +Qly = —kzx Resonance Condition:
0-mode: a = Zf¥, r-mode: b= %Y Q:+£Q,=n
Tune Split:
Qg — sz — 2k Why De-Couple:
e Accurate Tune Control
3
2| ] ® ¢, — €y €xchange
Q
| e Reduction of dynamic aperture
§ 0 AQmin:leO

e Machine ramping, polarization...




Coupling Formalisms & Equivalence

Hamiltonian Formalism
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SVD & |C| Matrix

r = /2JaBayCOS(¢a + Ya) + /2JpBacy COS(dp + Yy + Avhy)

vy=V1-[C|, a=+/C3+C%, Ay¢,=tan *(C12/C11)

B = USV" EEENeRES)

Rotated SVD Matrix:

o/ J_aﬁa')’ Cos(a — 1[}8)

osyvT—=| " V JaBay Sin(a — ¥)
oo A/ TpBacy cos(p + Aty — YY)
\/ JoBacs sin(hy + Aihy — PP)

C A A
~1i2 = sgn(sin Awa)\/ bsin APy Ssin Ay
v ALA

C
= cot Ay = = _12 cot Ay,
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C Matrix

Propagation of C Matrix w /0 skew quads:

62 — Rm(ﬁbm)UlRy_l(?by)

&) _ ~Ciy cos gusin @, + Cjy) cos gusin ¢, + T3 sin a cos ¢, — Cy)
- (sin ¢q Sin ¢p)

The |C| is discontinuous thro' Skew Quad

Co=C1—k

skew quad
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RHIC Lattice With Skew Errors
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**% Coupling terms derived from single particle tracking
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Run 2005: Cu-Cu (AC Dipole Data)

Injection Top Energy
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ICIN? x 1072
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IR Corrector Scan: Injection

111 Scan: Yellow Ring [, *"-
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e Possible correction strategy by scanning IR skew correctors

4ff1001l

=
©

=
o

I
N

=
[N}

[EY

f1001 re

e Minimize both local excursions and average value

e Identify slopes

— Quadrupole tilts
— Vertical offsets in sextupoles
— BPM offsets 77
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Superconducting RF
Cavities ORHIC




Intra-Beam Scattering (IBS)

60

e
=

Intensity [10? Au ions]

=

g
]
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2

= (Courtesy

K W. Fischer)

24:00

Main limitation for luminosity and beam lifetime due to
multiple small angle Coulomb scattering



ecooling@RHIC (ca. 2008)

e Cooling Au beams at 100 GeV requires ~ 54 MeV e~

e Low ¢,,, High Current, and High Bunch Charge
e CW e~ beam for continuous cooling

e Replenish e~ every cycle - superconducting energy recovery linac

4 x 5 cell cavities — 703.75 MHz

SRF GUN Beam Dump

Inj. energy [MeV] 5.2
Max energy [MeV] 20-40
~ Avg. I [mA] 50-200
2 - Rep. rate [MHZ] 9.4-28
& 5 Charge/Bunch [nC] 5-20
= S
£ = ey [Mm.mrad] 3
S NON-MAGNETIZED COOLING & Bunch length [cm] 1.0
S PP : Energy recovery > 99.95 %

RHIC Beam RHIC Beam

Cooling Section [60 m]
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Cylindrical Cavity (TMyg1o):

E, = EoJo(on/C) COSs (th)
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Accelerating Voltage:

z=l

Viee = / Ezez’woz/cdz

z=0

Power Dissipated:

1
—R
2

Py
S

Quality Factor & Shunt Imp.:

woU () V2
QO — T~ a —
Py(t) Py
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Q WU
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Why Superconducting 77

e High average accelerating field - Egce ~ 20-50 MV/m
e High quality factor (~ 1011)

— wU
Q=%

e Low power dissipation on surface - CW operation

2
acc

a0

™~
&

=

e Larger irises — smaller k), & k|

Power comparison for Egee = 1MV/m

Option SRF Normal
Q 2 x 10° 2 x 104
L 330 900
% 1.5 W/m 56 x 10"

AC Power 0.54 kW/m 112 kW/m




Five-Cell SRF Cavity

Space frame

2K main line
support structure

4” RF shielded Tuner location

gate valve

HOM ferrite

Cavity assembly

Vacuum vessel

2K fill line

Outer magnetic shield

Heater

Thermal shield Fundamental Power

He vessel
Coupler assembly

Inner magnetic shield

Courtesy AES



Elliptical Cavity Parametrization

Riris

Iris Radius, Rjris 8.5 [cm]
Wall Angle, 25 [degq]
Equatorial Ellipse, R = & 1.0
Iris Ellipse, r =2 1.1
Cav. wall to iris plane, d 2.5 [cm]
Half Cell Length, L=2%2  10.65 [cm]
H=D—- (Riy;is+b+ B) 4.195 [cm]
Cavity Beta, g =12 1.0

C
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Iris Ellipse Ratio (r=b/a)

Epk/Eacc -

Hpk/Eacc [MT/(MV/m)]
R/IQ[Q] — 4
cell coupling —
dF/dRequator MHZ/MM] —

15
Iris ellipse ratio

Middle Cell

End Cell

10 15
Z [cm]

20 25



Design Criteria

e Freq: 703.75 MHz
— 25 harmonic of RHIC
— Lower k”, k|
— Power sources

— Chemical treatment

Rs
® Py X (R/Q)G (l)
— Ry x w? (Rs — RBC’S‘I_Rres)

— SG o const. (dim. < w)

e Five Cells

— Field sensitivity factor: &

— Trapped HOM modes

10

8 -

BNL (0.7 GHz)
TESLA (1.3 GHz)
CEBAF (1.5 GHz)

14 1.6 1.8 2 2.2
Temperature [OK]

e-m fields at HOM couplers positions




Trapped Modes

TESLA

‘ f=24GHz |
<

Af=30MH=z

Middle Cell End Cell

BNL I
f=24GHz

<
Af=13MHz




HOM Power & Instabilties

Longitudinal Modes:

PHOM — 2]€||IQ
Transverse Modes:

—2prcC
Lip, = R ‘
e (§> QckmMizsin(wmt,)
Cavity
Beam Enters on i x®(¢) eés)(t)\ Py

Axis on First 1 Sl = Axis
Fass T T T F TR ™ Beam Exits
Cavity on

Second Pass
Beam Enters off
Axis on Second

Pass Recirculated Deflected

Trajectory

M®
y2

Recirculation Path
Central Trajectory

Courtesy G. Krafft




HOM Extraction & Damping

e Enlarged Beam Ferrite Absorbers
Broadband (300 K)

g Y

— Propagate HOMSs to warm section

— Minimize power coupler Kick

e BP Flutes, Loop couplers

20
16 5cm| 5cm
- | > £
B 3
g N~ 3
g <}
© N
N
af _ . Loop Couplers
O 1 1 1 1 1 1 ( )
; " " " - - Resonant Ciruit (2 K
Z [cm] —
40 o ™
o 01
N TE
0 | £ 2 o
= | TEZl
32+ = e
T =
5 28
3 Beam Pipe Diameter
g 24
8 =
e 20 - EO — \ 1
Fl g RN
1er 2 3\ \\
= I~
12 a \ ]

5.0x 108 1.0x10° 1.5x 10° 2.0x10° 2.5x10°
Frequency [Hz]



BNL I Cavity

Main Parameters:

Frequency [MHZz]
RHIC Harmonic 25

| Number of cells | 5 |
| Active cavity length [m] | 1.52 |
| Iris Diameter [cm] | 17 |
| Beam Pipe Diameter [cm] | 24 [cm] |
KA 225 |
| R/Q [2] | 403.5 |
| Q@ BCS @ 2K | 4.5 x 1010 |
| Qemt ‘ 3 x 107 |
| Ep/Ea | 1.97 |
| H,/E, [mT/MV/m] | 5.78 |
[ cell to cell coupling | 3% |
‘ Sensitivity Factor (%2) ‘ 833 ‘
| Field Flatness | 96.5 % |
| Det. Coeff [Hz/MV/m] | 1.2 |
| Low. Mech. Reson. [MHz] | 96 |
| k) (02— 1cm) [V/pC] | 1.1 |
| ki (0:—lem) [V/pC/m] | 3.1 |
| |

Powergon (10-20 nC) [kW] | 0.5-2.3

0.8

IE| [MV/m]
o
>

o
~

0.2

Field Flatness

Superfish —
Meas —

0.4

0.6

0.8

1
z [m]

1.2

14

1.6 1.8

** Field measured using bead-pull technique




Electron Counter Function

Enhanced Counter Function

0.3
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Multipacting
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50

Impact Energy [eV]

106 F T T T T T T T T
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10° | .

A SEYn,>1
102 - i
10t - \l 4
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MultiPac 2.1 Electron Trajectory, N =20, 17-Jun-2005
0.2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
E
% 0.1f 1
0 —ofs —014 —ofs —ofz —ofl 5 of1 ofz ofs of4 of5

z-axis [m], flight time 9.8514 periods

0.12E4 i i i i i i i i i i
-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
z-axis [m]
0.2 ~F =4 =4 =4
E 0.18[ 1
2
>|“§ 0.16 B
T 0141 g
L L L L L
0 2 4 6 8 10 12

time in [1/f], average energy 61042.8994, final energy 32.0794

50



Fabrication, Tuning & Testing
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HOMSs: Simulation & Measurements

Frequency Domain
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MAFIA &
‘ ‘ ‘ ‘ ‘ Measurement rod
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Z [kQ]
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Time Domain

o -—TMO010

MAFIA — ]
Measurement -
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® e
e %o

1 12 14 16 18 2 22 24

06 0.8
Frequency [GHz]
i & Dipole Modes MAFIA — |

Measurement -

0.8

1.2 1.6 2 24
Frequency [GHz]



X [mm]

Y [mm]

-80

40

Multibunch Beam BreakUp

Time-Domain

no HOM spread
3 MHz

5 MHz

10 MHz

100 150 200
Time [msec]

N 3 MHz
o 5 MHz
L > 2 AMpS 10 MHz

no HOM épread ‘

0 10 20 30 40 50 60
Time [msec]

70

80

|thr (Al

Ithr (Al

Frequency Domain

3 N 4
[} % El> A |§|<
X AO = o
< § X X
<& < x
L A_<> .
AR
<
L . i
no spread <
3 MHz O
5 MHz A
‘ ‘ ‘ ‘ ‘ , 10MHz <
0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
Frequency [GHz]
L A A i
] & o §<
X 4O 0o
Ao X <&
X &~ =
& oK S
L ‘_<> .
X :
A5
X
L . i
no spread X
3 MHz O
5 MHz A
‘ ‘ ‘ ‘ ‘ , 10MHz <
0.8 1 1.2 1.4 1.6 1.8 2 2.2 4 2.6

Frequency [GHz]

T hreshold Current > 2 Amps
BNL eCooling Configuration - 4 Cavities - 54 MeV
(Numerical Codes from JLAB)



> Cell SRF Gun
ERL Prototype




£ Cell SRF Gun

e (Generation of ampere class

Tuner Assermbly Elilia s CW beam

e 3 <1 and varying
Beam Pipe Transtion

(for HOM propagation)

e Low ¢/, & E/FE

z/y

e F. at the cathode

Miokum ® Strong Coupling Qest ~ 10%
Cavty
Assembly _

e Coupler Kicks

Courtesy AES e Multipacting
e HOMs & Stability Criteria

e Cathode Issues and Isolation



R [cm]

16

12

SRF Gun Design

D'esign 1 — D'esign 2
- 16 - -
| |
12 .
8 - -
]
- 4 - -
Scaled Rossendorf o K ~ Re-Entrant
5 10 15 20 25 0 10 15 20 25
' ' Dlesign 3 — ' ' D'esign 4
16 n .
12 .
8 -
[\l
4 -
1 1 1 1 O 1 1 1 1
5 10 15 20 25 0 10 15 20 25
' ' D'esign5I — ' ' D'esign6I —
16 8
12 .
8 I /—_
Final Design| 4'J
] ) ) ) 0 [l I I I
5 10 15 20 25 0 10 15 20 25
Z[cm]

Some Comparisons

mT
Shape r/Q [2] E,/E., By/E, [W]
Design 1 101 1.14 2.73
Design 2 105 1.39 2.97
Design 3 103 1.20 2.81
Design 4 112 1.33 2.69
Design 5 95 1.42 2.96
Design 6 92 1.42 2.87
Design 5 Right Caell
Frequency 703.75 MHz
Iris Radius, Riris 5.0 cm
Wall Angle, a 6.5°
Equatorial Ellipse, R = £ 1.1
Iris Ellipse, r = £ 1.2
Cav. wall to iris plane, 1.0 cm
Active cavity Length, L 8.5 cm
Center to equator end 18.95 cm
Avg. Beta, <=2 > 0.587




Energy [MeV]

3E/E [%]

Longitudinal
Positive Slope i
é
e
ot a -
Design 1 —— g
Design 2 —— 3
Design 3 ——
Design 4 ——
Design 5 ——
18t Design 6 - . . . ]
0 10 20 30 40
@ [deg]
35 T T T T N T
Design 1 ——
3L Design 2 —— |
Design 3 ——
Design 4 ——
25 Design 5 —— ]
Design 6
2 -
15 §
l -
05 /s ; ; 5
unI Merging System Linac
0 /A | | 1 1 | | 1 ||— 1

Energy Spread & Emittance (D. Kayran)

0 1 2 3
Position [m]

&, [cm.mrad]

gy [mm.mrad]

Transverse

Design 1
Design 2
Design 3
Design 4
Design 5
Design 6

Merging System

o P N W A~ OO N 00 ©

=
o

O P N W M OO N 0O O

1 2 3 4 5
Position [cm]

' Gun |
[ |

Design 1
Design 2
Design 3
Design 4
Design 5
Design 6

Merging System | |
1 1 | |

0

1 2 3 4 5
Position [cm]



Coupling Fundamental Power

SRF GUN

<— Coaxial
1  Coupler

*—Pringle Tip

Beam Pipe

Couple strongly:

Coupler kicks

Reduce wakefields

Engineering,
ments, etc..

align-



=
w

=
N}

Qext [X 10°]
=
- -

o
©

FPC Optimization

FPC - Beam Pipe Edge Pringle Tip Thickness

§ 4
R .
Pringle Tip
244.37 mm
T T T T T T T T 1
sim data (x,=25 mm, y,=25 mm) o 1.2 +
sim data (x,=30 mm, y,=30 mm) o
linear fit — 0.9 7
quadratic fit — 11k o
4 5
e% T 08 i
— 1 - % .
X £
%09 | 2 07 1
54 %
sim data (x,=25 mm, y,=25 mm) o o X, (y=27 mm) o
08 sim data (x,=30 mm, y,=30 mm) o 0.6 [y (x=30 mm) o .
quadratic fit — quadratic fit —
e 07 L ‘ ‘ __linear fit — os cubicfit — ‘ ‘
8 10 12 14 16 18 20 22 24 ' 2 4 6 8 10 . 20 24 28 32 36

Champer Radius Tip Thickness [mm] Ellipse Axis Radius [mm]



Coupler Kicks

I o I
» o 0 [

Field [Normalized Units]

o
(V)

o

1° Phase Offset

' 1 mm Coupler' Offset

Tmm

Field [Normalized Units]

SRF Gun I Coupler
1 | | 1

o

50 100 150 200 250 0 50 100 150 200 250
z [cm] z [cm]

5, — f(Ey—I—szg;)dz
t— szdz

den = 01577 e [Re(8t) Sin ¢o + Im(6r) cos ¢o

Asymmetry Kick den /en
Tip Penetration | (-6.1 - 5.0i)x10™° mm~1 | < 3%
Phase Offset (8.4 - 5.9{)x107° deg— 1 | < 3%




Conclusions and Outlook

e Linear optics & coupling using SVD formalism
e Measurements of optics and local coupling sources

e Investigation of slopes in coupling terms

e Design of Five-Cell SRF cavity for electron cooling
e Several RF issues and HOM measurements on prototype

e Beam breakup thresholds

° % cell SRF gun design

e RF & beam dynamics issues, coupler optimization
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Hardware Cut

BPM is tagged faulty due
to obvious electronic failures
by some hardware thresholds
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Peak to Peak Cut

Numerical techniques used to identify faulty bpms become
less sensitive when signal to noise to ratio is small
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Amplitude [mm]

FFT Technique
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The rms of the background is use as the observable to de-
termine the threshold for a faulty BPM
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‘“‘Hairs” & Improvement
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Betatron Eigenmodes

The mt" BPM reading for the t® turn can be expressed as:

b%n = /2J¢Bm COS (¢t + Qﬂ’m)

For convenience, normalize the BPM matrix by B = % SO

that covariance matrix Cg = BT B is simply:

T
LS ppyp
T t Yt

t=1

T

cpn

2.

t=1

= (J) \/ BmBn COS (Ym — Yn)

J
=\ BmBnlcos (¥ — ¥n) + €0s (261 + Pm + ¢n)]



Eigenmodes Contd..

From SVD of a matrix B we can see:
CgV = (USVDHYT(UsvTYV = v §2
To find eigenvalues & eigenvectors, we need to solve

Cpv = \v

where v = +/2J G, oS (do + ¥m)
From the mth component of the secular equation

M
A cos (¢g + ¥m) (J) Y Bncos (Pm — n) cos (¢pg + 1¥n)
n=1

M
= (J) [COS (P0 + ¥Ym) Z Bn cos? (p0 + ¥n)

n=1

1 M
+5sin (¢o + ¢m) >~ Bnsin2(¢o + vn)|

n=1



Eigenmodes Contd..

Therefore, we have the condition

M
% Bnsin 20 +n) = 0

T he two solutions are

) . >~ Bnsin 24y,

—_ — n T
¢o = —5 tan S~ Bn COS 24y, |’ $0 + 3
The two eigenvalues are

1 M M
Ay = §<J> [ ;1 Bn * ;1 Bn cos 2(¢g + ¢n)]



Eigenvectors

The normalized eigenvectors (spatial) are

vy = \/% :w/<<]>6m cos (¢o + wm)]
v_= = [\/(1)Bmsin (60 + ¥m)]

Corresponding, normalized temporal vectors

uy =\ /7y €S (61 — ¢0)

u— = —\ 7k sin (¢ — d0)




Phase Advance and Beta Functions

Therefore, BPM matrix of betatron oscillation

T

B = O‘_I_U._l_Vr_Ili —|— o_u_Vv

Twiss functions can be derived from the betatron vectors

8= (J)"tOyv3 + A_v?)
Error in bounds for measurements is given by

].O-fr'

N 20‘¢
6



Quadrupole Errors & Beta Beating

Ap

B

Global Correction:

~ — AgqpBosin(2(¢ — ¢o))

A
1..m

B
Bn
Armn 25sin (27Q)
% COS (2|t — thu| — 27Q).
L2
HAACI’— A—_,ﬁ = min.
B
A7 = (AT A)tAT [A—fg]

Local Correction:

A AB 1 1
wo B2 B1 sin(221)
ApBy 1 Sin(2¢31)
N\ —
> + B2 B2 sin(2y32) sin(221)
ABs 1 1
Agzs = —

B2 B3 sin(2y32)
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IR Corrector Scan: Vertical Orbit Bump
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Global Coupling - RHIC Three Family Scheme

Imaginary Part of Coupling ( in random scale)

Courtesy Yun Luo

) 1 1 1 |
-2 -1.5 -1 -0.5 0 0.5 1 15 2

Real Part of Coupling ( in random scale)

All settings of the form (F1-A,F24A, F3+A) have the same AQmin



MAD-X RHIC Model

Global coupling compensated (AQ,,;, = 1 x 1073)
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Design Criteria
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Cavity Design

Aperture:
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Cavity Comparisons

Par BNL(HC) CEBAF(HG) TESLA(HG)
Freq. [MHZ] 703.75 1497 1300
g* G [Q7] 9 x 104 2.1 x 10° 2.8 x 10°
E,/E, 1.97 1.96 1.98
H,/E, [mT/MV/m] 5.78 4.15 4.15
Kee 3% 1.89% 1.87%
Ncells 5 7 9

o= 8.3 x 102 2.6 x 103 4.1 x 103
Lorentz. Det. Coeff [Hz/(MV/m)?] 1.2 (UnStiff) 2 1

ki (0. —1mm) [V/pC] 4.25 10.71 13.14
ki (0. —1mm) [V/pC/m] 0.1 2.24 2.07
Qert (Dipole) 102 — 104 103 —10° 103 — 107




Simulations Techniques (MAFIA, ABCI)

Frequency Domain:

Conventional : k =

og() ~ {2

oo

Complex | Qext =

R |fmag_f |
2 Jnag fete

untrapped
trapped

1 Re(f)
2Im(f)

Dispersion : E(r,z+ L) = E(r,z)e"

E.(r,z4+ Leey) + E.(r,2 — L

¢(z) = cos™! < S0 3) Ce”))

Time Domain:

1 0. @)

Wi = = [ BaGta/ed
I(w) = qe_%(dig)z (Gaussian Bunch)
Zy = W : sd
I cl(w)/ 1(x,y,s)e " *ds

Z||(337y78)

kr?



Coupler Kick

Beam Pipe
T

Field [Normalized Units]

-20 -10 0 10 20 30

40 50

-40 -30
z [em]
5 — f(Ey—FcBm)dz
b fEZdz
5t Kick
Single Coupler (0.3 -1.24)x103 ~ 0.27 mrad

Symmetric Couplers | (5.3 - 8.7¢)x107° mm™!

~ 48 urad




Bead-Pull Technique & R/Q

24/ 132

So1 =
(14 81+ B2) +iQo (i—%)
dw _ 3—”(7}3(60 ii‘ng) . dielectric
wo —%(EoECQ) — %HQ) . metal
9 1
o~ —— tan (o)
wo 2QL
R 1 )
— sphere — _—[/ _w COs (kz)dz]2
Q 2mwor3€g V' wo
Material R (mm) R/Q 2
Teflon 477 +0.02 | 474+ 10
Steel 3.96+0.01 | 532+ 10
Aluminum | 2.5+ 0.01 | 370% 10




Average HOM Losses
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Impact Energy [eV]
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Beam Pipe Transition
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e HOM Damping ®
e FPC Coupling (field level < 102 — 10 cm away) ®

e Mechanical Design (manufacturing, valves etc..) ®
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Z, [kQ]

Z\ans [KQ/M x 107]

Impedance Spectrum & Laser Stability
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eCooling 1.5 Cell
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Iris 6.5 cm
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Optimize Iris Radius

— fHOMs & fcut—off
— Trapped Modes

Beam pipe transition
— HOM damping
— FPC Coupling

Optimize L1 & L»
— Energy Vs. Phase Slope
— Longitudinal Emittance

— Transverse Emittance

Optimize cavity ellipses
— Peak fields, R/Q, etc...



