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¥ Cornell University
/s Laboratory for Elementary-Particle Physics JL AB IRFEL

Injector
Superconducting rf linac p

UV wiggler

Spreadsheet model of JLAB IRFEL includes:

- full first-order optics
- longitudinal phase space visualization

- beam break-up simulations

/\/\/\

U / U USPAS’08 R & ER Linacs 2



¥ Cornell University

S": Laboratory for Elementary-Particle Physics D OwnlO ading the le S S On

Download the spreadsheet and bbu code to a single write-
enabled directory from
http://www.Ins.cornell.edu/~1b38/uspas08/

Make sure macros are enabled. Start the spreadsheet
(note: 1t may take a while to 1nitialize all formulas).
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¥ Cornell University

S": Laboratory for Elementary-Particle Physics S pre ad S he et Org ani Z ati O n

The spreadsheet 1s organized into three main parts

<
———> elements

matrices
products
twiss

———> bbu
bbu _latfile
bbu_ _homs
bbu_param

~ layout and lattice control

-

>~ beam breakup simulation

——-> long phase_space |
R56

z ~ longitudinal phase space
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Cornell University

Laboratory for Elementary-Particle Physics OI' g aniz ati On : 1 ay Out and 1 attic e

Microsoft Excel - irfel. xl:

¥

] Eile Edit Wiew Insert Format Tools Data \Window Help

Ol @@”y g,.g@.- " gzﬁ,glﬁl'ﬂgﬁ% ~ @), arial - 10 ~|/|B I U B %, 8%
| AE140 +| =[0
K L M M a B o R s ¥ u W W ® W z2 A AR A a0 L AF AG AH al —
03 a0
04 )\
105
106 40 r
o7
102

\ — hetax

30 | [ 4 i i
5\ A 7 an /\/I\N\ ‘ "\

4
s
e
7

g

19

120

21

122 | chisq for fitto backleg | 29.32863 injection betas chisqfarfittolinae | 40.35956

123 GRADIENT INTEGRALS - presumeablyin kg... chisq for fitto wiggler: | 3175623 0986845 1313033 38779559 9.8505331 fit Function Far fitto fin: 165,305

124 chisq for fit to end: 16.18129

126 naminal | set affset nominal | set offset nominal _ set offset nominal _ set offset

126 | GRIF03 i | ] 03 GHIF01 [ ] 28 QRAFON i i 124 OXEFO5 1 v 0 72 -21
127 | GRIF03A f v [ 163 QRIF0Z v ] 28 GHAF02 11T ] 118 GHEFOE [+ 1 i i i
28 | GHIF0IE A | ] 08 GHIF03 1 ] 305 GHAFO3 1+ [ 0 GHEFOT [T i 1 0
123 |GRIF04 o | ] 07 GHIF04 o [ 3.05 QRAF04 1] 0 141 QREFO08 [« 1 i 375 0.93
130 | GRIFO4A o | ] [ 139 CRIF05 i [ -3.05 GHAFDS ] i 226 OWEFO9 [« |+ o 375 221
1| GRIFE o ]+ [} 07 GHIF06 B [} 3.05 GHAFO6 71T [ 109 GHEFI0 [ 1 ] 169 128
B2 | QI 1+ ] 305

133 | EREF0 o |+ [} A48 QRIFOR oo [} 3.05 QHAFO7 i 0 -2 124 65

134 | @mzFoz 4 | ] [} 2 GRIF0S o [} 237 QAIFOR 1T 0 38 -232 ]

135 | @H2F02 4 | ] 12 GRIF [T [ 224 QA4F03 il 1= 0 22 178 i

126 | QHaFd PR [} 05 @HIF1 A [} 78 QEAFI0 1] ] 21 -1EsS 156

137 | @EzF0s ERE [} 0GR ol = [} 127 QraFll 1] ] 48 2369 336

138 | G206 4] | ] ] -25 GHAF1Z 11T i 28 655 181

129 d shift___ of shift

140 |GuoFos 1 0 -0.0305 QTZFOT 0 0025 G5Ol v 0 00005 _i

1| GJOF04 1 0 0005 QTZFOE 0 0175 QTEFOZ ol m 0 00266

#2 |QIOF0s 1 [} 0259 QT2F03 0 0175 GTEF0R 1] 0 00266

1#3 | GUOF0E . ] -0.25 QT2F1 X ] 0.025 QTEF04 | 0 00005

14 40 from -3 to -6 deqree off crest f rela 2nd linac triplet to [-) mB5ta wige  -0.082H8 mBE linas tc 1

5 | GRa - for naminal WG Me'lc setup. Theze = towige 00146421 00457655 -0.015632
| > Elements[ ratrices f( products j /( ---= bbu /( bbu_latfile ,(bhu_homa /( bbu_param /( --- long_phase_
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Cornell University

Laboratory for Elementary-Particle Physics

Spreadsheet: beam break-up

———> Dbbu controls execution of beam break-up code

_ )
Microsoft Excel - irfel.xls ™ (=1E3
&) File Edit View Insert Format Tools Data Window Help == >
el Ly 2R Q= 5 A% P e ~ @) || -0 - /BZUE=E=E$ %, - H-A -
[ B7 | =|3.31668
A B E D E F G H | 7 K L M M 0 P Q R Sl
1 change this at will can change this too add fake' recirculation length here i—
2 |current 3.31668 i coordinate_output | -> ac261 matrix check output -
3 |t_on 6000 s voltage_output -z ac?21 threshold file name  |-»
4 |t_print 4] s
5 |homshefore  |no yes | no
B Run Bl for a Given Current BEU Threshold Search
ﬂ Threshold I 3.31663.|mA
i}
] &.00E-07 = [+ x] 0 0.35 0.001 0 0.001 0
10| sooeor Eaniiiales ey e wolt_x[V] wolt_y[v] z[m] dt[g] KE[MeY] |x[m] xfrad]  y[m] yrad]
1" snoeor S 451 1.13208  1.16266 12.086 280E-03 16922 0.00046 0000127 -0.00124 -2 56E-05
12 ’ " 902 1.16345  1.12408 13216/ 387E-03)  21.0#1 000054 971E05 -0.00113 1.54E05
13| 200E07 o 1363 1.86321 1.92054 13966 260E-08) 26139 0.000557 7B7E-05 -0.00102 379E-05
14| 000Es00 e 1804 0.061306 0.190074 15127 367E-09  20.065 0.000601 636E-05 -0.0009 4G63E-05
15 ~ 4n000q soopon 2265 17972 17828 scimmRLRToRent pnemalmoseeerl manmianl ialnnnn] nenEnp
1§ R 2706 1.21856 1.40022 0.0015 - [¢x] =05
17| 0w 3157 0.933014 0823719 0.001 ™ Orbit Check ;a oy 05
18| -60O0E-07 3608 1.83089 1.95176 0.0005 N — 017
19 Index 4059) 0.217025 0514219 0 !5 T T Y NE7
20 49000 -1 e | 407 el 45100 166333 1.59503 -0.0005 T Hi +Hf— 0163
21 = 4961 1.28544  1.59262 -0.001 - =1 016
2 HOM Voltage $X 5412 0.808413 0511574 -0.0015 - n&7
23 "y 5863 1.78596  1.9264 -0.002 = 1154
24 Z g : £314| 0358725 D.815637 -0.0025 = 1151
] 200000 o000 00000 S00000 - FRs| 162643 1.36907 -0.003 2 1148
26 04 7216/ 1.33839  1.73563 -0.0035 - 05
7 7667 0642365 0219728 Position 208
T [ 8118 1.72779  1.64929 35116 387608 67.262) -0.00058) -2 62E-05) 0.000994) -2 B4E-05
23 ’ 9569 0.488456  1.03558 35866 250E-08  71.102 -0.00058 -2 42E-05 0.000945 -2 98E-05
30 90200 1.38771 1.11211 37027 387E08 75197 -0.00059 -2 21E-05 0.000885 -3.11E-05
31 000 9471 137306 1.62724 37777 250E-08) 79291 -0.00059 -203E-05 0.000839 -321E-05
32 Index 9922 0.483415 0216665 35937 387E0S 83355 -0.0006 -1.87E-05 0.000781 -328E-05
2T ALl A =L = A ALl 11s 1 1 _EEO20 1. 7770 o ERT 7 ENE NG [=ra |=] AOnNE. 1 7IE NS ONNN7T28 2 24F Ns X
WM v [l products £ twiss - bbu ;/ bhu_latfile / bbu_homs [~ long_phase_space fRS6 fz {dp / 1 | » | |—
Draw + |3 AutoShapes~ S w [ O 3 Eng.
Ready
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Cornell University

Laboratory for Elementary-Particle Physics S pre adSheet : longitudinal phase Sp ace

—-——> long_phase_space tracks a bunch in the long. p.s.
& Microsofi Excel lirfelxls HER

File Edit View Insert Format Tools Data Window Help = x|
DeE Sy s2Ra %z AL g - B, el -0 v|BZU|ES=H|S %, %9 -
= =

A E B ] E F G H 1 J K C P 1 [5] F [F] R S T u 0 W B 7P z—
1 FY
2
3
; Off-crest angle i-|1|ul||e main linac [deg)  aigE. )
l?i Initial energy sp;ezad [3£) atinjection poi{' .I — RSB (m)
2 |Initial bunch length (ps)
a 15
0 APIP s=8AmM
11 |maz energy spread (%] 0,006
12 |due to FEL interaction
:3 2I2BREE 5 n_n‘na 1 0500
15 | First Bates" T566 (m) @é%:;\‘ i Y
16 -0 AL
7 _4_1._*@“_:.—
13| Second Bates' T566 (m) ; © 0, ARG 5
[C] 0 L0 e : .
20 N *
2 Jooal™
22 . .
23 0.006
24 z (ps)
25
;: APIP e 5=412m APIP APIP P 110m APIP e 5=141m APIP P 172 m
28 1.2 2
# *,, 0.004 00z

1 +

20 J
7 0.01 - 0sq 3}
22 N 0.6
33 - 5 b T A
34 -0.002 1 Ty 190 _50 50 0
E _0.004 - ¥ 431 - 0.2
i3 * 4 4 = 4
a -0.006 - . Lt o282, b S0, SP
32 0.008 ’ 2 0.03 t b3 0.4
0 z(ps) z [ps) z[ps) z (ps) z(ps)
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A brief overview of
longitudinal dynamics

¥ Cornell University

/s Laboratory for Elementary-Particle Physics

e first- and second-order correlation in longitudinal
phase space

e second-order momentum compaction

e requirements for energy recovery

NN
_ 07 q//@psw wlh
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¥ Cornell University

@5 Laboratory for Elementary-Particle Physics Firs t_ and S e C On d_ Order C Orrel ati On S

A ,
_— 8=0,+ 90 l+l825 I +...
K ol 2! dl o
1
/ 528, + i+ fil’
\/05 +az0. +1 0] £, _o'\/0'50+ o)
ag — _ __linac kRF sin @ ﬁ5 — __ _“linac k]%F COS @
Eﬁnal Efinal

koo =27/ A, =31.5m™ for1.5GHz
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¥ Cornell University

S": Laboratory for Elementary-Particle Physics After aC C e 1 erati O n

assuming large Eg,./E;cciion @nd small energy spread

enerqgy spread: longitudinal emittance:

~ 1
Os =050, for ‘(0‘ > ﬁkRFO-l e 3
€51 = ﬁﬂaal

o5 = Bso; for o <4 kpe0,

NN/
_ 07 q//@psw wlh
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¥ Cornell University

S": Laboratory for Elementary-Particle Physics L O n gitu din al tr an S fOrm

I"=1+R O+T.,. 05" - 1+R.

0 =0 IB* _ ;55 _ 2T’566a§
°  (1+R.,)’

Lt

Lz‘.\/(l+x/p)2+x'2+y'2ds
momentum compaction (times the path length):

R, :j%ds

second-order momentum compaction:

n &
I = J{ @ 4 ZO+772 }ds
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¥ Cornell University

e“.’: Laboratory for Elementary-Particle Physics C Ompre S S i On

. . 1 1
for maximum compression need Ry, =——=
A
for maximum compression need
T = ﬂé' - 1
566 3 = 3
4_

actual (absolute) value of 715, can be smaller
Gcomp O.
AT

o " oo N2k

no 75 is needed beyond a certain off-crest phase angle

comp

O>Qr, =
566=0 O.lcomp \/5

0-12 kR F
-

a

/\%)J?
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¥\ Cornell University

s/ Laboratory for Elementary-Particle Physics AChieVin g the I‘i ght V alues Of R56

— Q1
— Q2

quads strength [1/m**2]

-30 -20 -10
-0.2

0-4
U

R56 [cm]

Adjustable R,

NN\
_ 07 q//@psw wlh
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¥ Cornell University

S": Laboratory for Elementary-Particle Physics AChieVing the right Values Of T 566

changing sextupoles
strength in the Arc...

2 72
I5e6 = J{ﬂ(z) + 4 + 7 }ds
p 20 2

Moy + KN =—h+kn—Lkn* + (B +2kh)n’ +Lhy” + h'n'n+20°n

1.2654007 1.26645x107 1.26550x107 1.26555x1 077 1.26560x1 077

L (s)
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) Cornell Universit . )
.f’: Lgﬁgfator}l:lf‘girE]e¥nentary—Partic1e Physics BunCh length ln the B ates

Bunch length in the Arcs:

o, =07, (1 + —R56j + second_term” Pb
| | dl :

For off-crest of several deg: 2)_ZR56 >1

4 2
[ — R56
3.5 —phi=-10 151 eta x ——etax
—phi=0 _ \/
— 3 E o5
E — phi=10 x O
=25 | o 8 o0 ‘ ‘ ‘
% 2nd term £ . 10 15
_0.5,
§ 2 g g
< i
[$)
§ 151 1.5
a on crest L 8 - - -
g 11 \l/ < position [m]
0.5 -
0 ‘ ‘ (trim quads off)
0 14 16

position [m]

NN/
_ 07 q//@psw wlh
NAWAW USPAS’08 R & ER Linacs 15




¥ Cornell University

;: Laboratory for Elementary-Particle Physics En er g y re C O V ery

General rule of thumb for successful energy recovery 1s having
the full recirculating arc isochronous to first and second order (R

In IRFEL, the main difficulty 1s an additional energy spread
generated at the wiggler due to FEL interaction.

/\/\/\
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Cornell University

Laboratory for Elementary-Particle Physics C OntrOIIing B ate S ’ qu ad S

Microsoft Excell - irfel. xls

] Eile Edit Wiew Insert Format Tools Data \Window Help

DEE &Ry 2R Q= A& E|m@se -3, e 10 ~|B I U ® %, @0
AE1MD ~| =[0
3 L A H ] F [F] F B i u [ W 3 7 2 B AE AC AD AE AF A AH AL —
103 a0
5 L
105
108 40 r
107 \
102
103 il — hetax
5L i o y — o
20 4 A
N N N==vAl VAN \
113
114 ! 'I(\ A 7 f
15
16 '___ .‘ »
117
fla
113
120
121
t2z | chizq for it to backleg | 29.32863 injection betas chisqlorfittolinac | #0.35956
123 GRADIENT INTEGRALS - presumeablyin kg... chisq for fit .o wigler: | 3175823 0965645 1313093 38TTH5959 98005931 fit funetion For fit o ling 165,305
124 chisq for fit to wnd: 16.18129
125 nominal | set affset nominal | set affset nominal__ set affset nominal | set alfset
126 | GRIF03 i | 0 03 GXIF0 - 0 28 GA4FM . i 124 QREFOS 1 v i 7z 21
127 | QHIFO3A 1 v ] A8 @HIF02 v 0 28 GH4F02 v i 118 GHEFOE B i i i
28 | GHIF0IE A | ] 08 GHIF03 ] ] 305 GHAFO3 1+ [ 0 GHEFOT [T i 1 0
123 |GRIF04 o | 0 07 GRIF04 B ] 305 QR4ENe v i 141 GHEF0S [« |+ 0 -3.75 093
130 | GRIFO4A 4 | ] 0 139 GXIF0S 1 305 GE4F i -2.26 QHEFOS [ | i 375 221
1| GRIFE o ]+ 0 07 ERIF0E s 305 GRAF [ 108 GHSFI0 [ 0 183 129
62| GRIFO7 cS ] -3.05 2nd B ates
133 | EREF0 o |+ 0 46 DHIF0S ' 105 GR4F i -2 124 65
134 | @mzFoz 4 | ] 0 2 GRIF03 - ] 237 GRAF - 0 38 232 0
135 | @R2F03 4 | 0 12 QR ] 0 224 QRaF03 ] i B2 178 i
126 | QHaFd PR 0 05 GRIF - 0 78 QRAFI0 ] 0 21 AgEs 156
137 | @EzF0s ERE 0 0 GRIFTR - 0 127 G4 ] [ 48 3,365, -3.36
138 | QH2F06 4] | ] 0 25 QRAFT2 ] i 28 G55 161
13 d shift | af shift
140 |GuoFos Jd 0 -0.0305 QTZFOT v 0 0025 G5Ol v 0 00005 _i
#1 | GIOF04 4 | 0 -0005 QTZF0E i ] 0175 GTEF0Z ] 0 00266
#2 | GJOFOE < | v ] 0259 GTZF08 1] ] 0175 GTEF03 ] 0 00266
M3 | QJOF0E 4] 7 v 0 025 QTZF10 ] 0 0025 QTEF04 ] 0 00005
4 0 Fram -3 ta -& degree off crest & relax 2nd linac triplet to [-] MGG LD wige  -0.08211 o ]
M5 | GRADIFYT i1 EAEALS - for naminal W5 Me'ls setup. These scard i ~ABta wigr  0.0146421 00457655 -0.015632
M 48 M \———‘_;v Elements[ ratrices f( products /(twics /( ---= bbu /( bbu_latfile ,(bhu_homa /( bbu_param /( ---= long_phase_| 4

Draw - Fy & | AutnShapes» > w [ O 4l
Ready

a-L-A-==2uf.

AYOYA

—JETHE
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Off-crest phase, FEL
energy spread and T

Cornell University

Laboratory for Elementary-Particle Physics

———> long_phase_space sheet

(= MicrosoftiExcell- irfel.xIs
Eile Edit Wiew Insert Format Tools Data Window Help

DEeld SRy bR o- W= A S I M A4E s v B, Al ~10 v B I U = B % ,
[ B34 ~]| =| =7IF273
A B & 1] E F G H I 1 d K B [ ] 5] P [r] Fi s T 1] v W ® ¥ z —
7 -
3
4 est angle in the m: inac [deg) Off 1 — sigma_z (ns)
5 - _
: T crest angle
7 0.2 I —RsB M)
2 | Initial bunch length [ps) =
g 15

e1gy spread
Hue to FEL interaction
23 | 507473

— FEL energy spread
| | C

’7 )

9
igsrHates T566 (m) 1 t B t 0
: st Bates
17 § 5
15 | Segef@ Bates' T566 (m) - e b p
12‘(’0 L | ] 20 40 &0 a0 100 120 40 160 180
T 2nd Bates
2 033736
= 0:006- !
24  Second Bates® R.;s (m) z [ps) |
5 0
26 APIP s=41.2m s=100m APIP o 5=110m APIP i s=141m APIP
27 | Linac to wiggler 56 (m) 0:006 . H 403 . 0.03 ;

K -*
- —— LELE R & 00|+ * 0.02 | »~
.
0| Full are’s RS6 [m] 0.002 - * .t 30:.»‘ . +
E] -0.003HT . o, ’g;l & & 0.01 4 o
.
32 ] % TR W N "
33  Bunch lenath_at the wigger [ps] _ [ [ 04 LTy 5‘ FE L m 2 T 4 T
ET) | e | 5 0, 0.2 #80F SMe. o 20 10 10 20
b I dog] v & 1]

35 rms ! maz spread before wiggler 0,004 o - d
36 | 0227317] 1179537 ¥ *4 ‘ﬁ. + ”
37 |rms ! maz spread after wiggler [ . 0006 4 029, . o 002 4
38 | 1026097 5.074788 + + a
33 rms ! maz spread at the dump [ 0008 - 403 8:03 -
40| 2436873 199361 zlps) z [ps) z(ps) z(ps)
]
42
43 —

4

M4 » NK‘ matrices /( products )(twiss [ ---= bbu ,( bbu_latfile /( bbu_horms /( biu param 3\*”> Iong_phase_space)(RSE; iz !‘. 1
Draw » [3 AutoShapes » S " [ O 43 d-L-A-= Eng.

Ready Calculate
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¥ Cornell University

e“.’: Laboratory for Elementary-Particle Physics EX erCi SES (10 n g itu din al g ymn das ti CS )

 Set the off-crest phase angle in the main linac to O and ‘turn-off’ laser
interaction. Observe how the longitudinal phase space looks
throughout the accelerator and at the beam dump.

e Set the off-crest phase angle in the main linac to —10°. Achieve the
shortest bunch possible at the wiggler location using linear optics only
(Ts¢ should be 0). Compare calculated R, with the value in the model.

e Use T, to maximally compress the bunch at the wiggler. Compare
calculated T, with the value in the spreadsheet. How much shorter 1s
the bunch length when both second- and first-order compaction 1s used,
as opposed to only the first-order compression? Achieve less than 150
fs rms bunch duration.

NOTE: R, from the linac to the wiggler consists comes from
two parts: Bates’ turn-around and a chicane

f\/\/\
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¥ Cornell University

@:,: Laboratory for Elementary-Particle Physics EX erCi S e S ( Op ti O n al)

e “Turn-on’ the laser interaction (actual max. energy spread of 5 %).
Observe the longitudinal phase space at the dump. Is the beam being
successfully recovered?

* Adjust Ry 1n the second Bates’ section to minimize energy spread at
the dump. Note the smallest energy spread you were able to achieve.

* Use Ty to minimize energy spread at the dump. Note the values of Ry
and T, of the whole recirculating arc that allowed the result. What is
the smallest energy spread you were able to achieve? Achieve less than
15 % max energy spread at the dump.

NN/
_ 07 e//@psw wlh
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¥ Cornell University

:,: Laboratory for Elementary-Particle Physics Higher Order mO de S

Two basic concerns:

@ass beam breakup (d@

*Resonant excitation of a higher order mode (monopoles)

monopole (m = 0) dipole (m = 1) quadrupole (m = 2)
™ ,,-like ™™, ,-like ™™, ,-like
AY y AY
NGRS
—t |z X I
— | “«—
_’ ‘_
E B E
high energy losses, no kick kick and losses when kick, coupling and losses
beam is not centered when beam is not centered

NN/
_ 07 q//@psw wlh
NAWAW USPAS’08 R & ER Linacs 21



BBU threshold for a
single dipole mode

¥ Cornell University

/s Laboratory for Elementary-Particle Physics

30, o > 155, NO___, use code!
lYES YES
; NO ;
Tirsinw )t <0 —— T1osinwyt, >0
€ = e <1
lYES 225
[, = (nr T S)Ib
J.o= — ¢ 2 integer n, and 8 € [0, 1)
0 :
KT, sinw ,t, !
K = 1,(e/c?)(R/Q))(w3/2)
Iy = —Mod (Wt
]C‘Tlg‘ \/ )
v
1 T
_ 2 2 ~ L
Iy = KTl \/6 + n—%MOd(WAtr + 5 21)2| Iy = 2¢/K|T3|, is independent of t,
/\/\/\
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Cornell University

Laboratory for Elementary-Particle Physics

Controlling BBU code

———> Dbbu controls execution of beam break-up code

. )
Wicrasoft Excell-irfel. xIs ™ (=1E3
Eile Edit “iew Insert Format Tools Data Window Help -18]x]
Dl SEY 8RR B = A 2 E M o0n - 3| Al ~10 v |B F U E B % 5 o - AL
[ B7 | =|3.31668
A B B D E F G H I A E ' B - - - Q R S

1 change this at will  recirculation length here

2 |current et 1668 m coordinate_output | -> ac261 tre check Output VOltage and @

8 t_m< 6000 s voltage_output -z ac?21 reshold file

4 |t_pn s : .

5 |homshefore  |no feclno COOrdlnate at a glven

B Run Bl for a Given Current BBU Threshold Se: .

| 7 |Threshotd  [3.31668]maA CaVIty (must have a

[

E] 8.00E-07 : [vx] 0 oo 0

10 somor Coordinates S| B eyl vl vl HOM!) vl ylrad]

1 451 113208 1.16266 7| -0.00124 -2 56E-05

T2 I 502 116345 1.12408 13216 367E08)  21.031| 0.00054) 971E05 0.00113 154E05

13| 200E07 o 1ze=l s eesnal 4 oooes 13.966 280E-03 25139 0.000857 767E-05 -0.00102 379E-05

14| ooogsoo ‘.s 15127 3B7E09 28865 0000601 63GE-05 -0.0009 483E-05

5 oo = 2 controls length , g

[ L = Orbit Check " =0

17 -4.00E-07 31 . f d 1 r - }a uy =05

8 ot 3 (titme) of code | r 2 Wy

19 Index AL 0 k T T T Y NE7

20 45100 -1 14 E-U4 | 407 E-Ui AF 1 3 + t 0 1ME3

Z g executlon ; ; gt i Hatt % e

10 &

2 HOM Voltage *x BT OO TS T TOT sroi - 187

23 =y 5863 178596  1.92R4 -0.002 = 1154

24 1 T T T 6314 0.358725| 0815637 -0.0025 = 151

25 2o ee el Sy S00000 - FRs| 162643 1.36907 -0.003 2 148

26 04 7216 133839 1.73563 -0.0035 o 05

27 7667 0.642385 0219728 osition =05

23] [ 8118 172779 1.84329 35116 387E-09 67262 -0.00053) -2.62E-05 0.000994| -2 B4E-05
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¥ Cornell University

e“.’: Laboratory for Elementary-Particle Physics EX erCi S e S (b e am—bre ak up )

By commenting out modes in bbu_homs sheet, determine the
worst mode (the one with highest threshold). How does the
threshold due to the single worst mode compares to the situation
when all modes are present?

* Work with the worst offending mode (for faster computing speed).
Slightly change the frequency of the mode and obtain dependence
of threshold vs. the mode frequency. Plot the dependency. What is
the ratio of max over min threshold that you found in this manner?
What 1s the frequency difference between the two adjacent maxima?

e Add ‘fake’ 1000 m to the recirculation length (———> blbu sheet)
and repeat the steps from 2). What 1is the ratio of max over min
threshold 1n this case? What is the frequency difference between the
two adjacent maxima? Try to explain the result.
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