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Computer Class: Linear Optics in JLAB IRFEL,
Longitudinal gymnastics, and Beam Break-up modeling
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~— JLAB IRFEL

Injectur

Superconducting rf linac

- | = B ___.r"

Beam dump

A "&‘M m*"'l"‘:—' '-“'ﬂh—"-— T T

s B lll#‘ll Dam “.

uv wiggler

Spreadsheet model of JLAB IRFEL includes:

full first-order optics
longitudinal phase space visualization

beam break-up simulations
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~— Obtaining the lesson ~

Download the spreadsheet and bbu code to a single write-
enabled directory from
http://www.Ins.cornell.edu/~1b38/uspas05/irfel/

Make sure macros are enabled. Start the spreadsheet (note: it
may take a while to initialize all formulas).
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~— Spreadsheet organization

The spreadsheet 1s organized into three main parts

———>

\_ CORNE

elements )

matrices
products
twlss )

bbu )
bbu_latfile

bbu homs
bbu_param

long_phase_space O
R56
Z

pz )

LL

~ layout and lattice control

> beam breakup simulation

~ longitudinal phase space
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~— Organization: layout and lattice

—-——> elements sheet contains optics controls

MICTOSOISEXCE] =TTl s

File Edit “iew Insert Format Tools

Data Window Help

0 | %@.j 4 B @< coe e T A 8L ELER P v ), Arial - 10 -~ B U $ %, WO
| AEMD | =[O
K L | M | N [5] P Q R S T u W W X H B4 AE AC A0 AE__| AF AG AH Al
03| g
104 | } \
105 |
106 | 40 r
2 ol |
102
109 | 3 . —betax
o | { K /” — 10%etax
M
e | hetay
13 |
4 |
15 |
116 |
117 :
g | 180 200
13 |
120
121
122 chisq for fitko backleg | 2932883 injection betas chisq for fit ta linac 40.35956
123 GRADIENT INTEGRALS - presumeably in kg... chisq for fit to wigaler: | 3175823 0386345 1313093 RETTIE53] 9.850593 fit Function For fit to ling  165.8305
124 chizq for fit ko end: 16.13129
1285 nominal set offset nominal sek offset nominal set offset nominal _ set ket
126 | QHIFO3 2 i 0.9 GRIFO01 s o i 28 QR4F0 HEC i 124 QHEFOS [ AT v i 72 -21
127 | GRIFO3A o i 169 @HIF02 | i 28 GRAF0Z o i 118 QHEFOE > i i i
128 | GHIFO3E ] 0 0.9 GXIF03 8| 20 0 305 GRAF0E £ ET 0 0 GREFOT v 0 1 0
123 | GHIFD4 H i 0.7 GRIF04 0T 0 305 QH4F04 - = 0 141 @HAF0E r 0 375 0.93
130 | GRIF045, ] i 139 GXIF05 0 i <305 GRAF0S ] 1 -2.26 GXGF09 3 i 375 -2.21
131 | GHIFME ] i -0.7 QXIF06 |+ 0 305 QH4F0E ] 0 103 GXEFI0 3 i 169 129
122 | GQXIFO7 i i 108
133 | GHzFOt ] i 146 QRIF02 ] i 205 QH4F07 FET 0 2 124 65
134 | QMzF02 ] i 2 GRIF03 T [ 237 GHAF0S eS| 0 38 -232 0
135 | QH2F03 ] i 1.2 GHIFI0 ] i 224 QH4F03 i 0 22 178 i
136 | QH2F04 ] i 0.5 GHIFN B = i 78 GR4FI0 £ T i -21 -1L.655 156
137 | GzFos 2 i 0 GIRIFIZ 5 = i 127 G4FN ] #m] i 48 2,365 336
138 | QH2FO8 2 i 25 GRAF12 T i 28 1655 151
138 | d shift | gf shift
(140 | guoFoz 0 -0.0305 GTZFO7 TiC 0 0025 GTSFO O 0 0o0s hi
141 | GJOF04 i 0005 QT2F0S o= i 0175 QT5F02 v 0 00266
142 | QJOF 05 i 0.259 GT2F03 v ] 0175 GTSF03 1+ 0 00266
143 | QJOFOE I i -0.25 QTZFI0 5l ] 0.025 GT5F04 1+ 0 00005
144 g0 from -3 ko -6 deqree off crest & relat 2nd linac triplet to (-] mBS bo wi -0.082118 mBE linas b o B
L] :G_I_:!A 2 - For nominal 145 MeWie zetup. Theze 5, 00146421 0.0457EEE | -0.016632
& \———> elements,{ matrices /( products /( -—-= bhu /( bbu_latfile /,{bbu homs /( bbuparam /{' = IDng_phase
Draw » R AutoShapes -
Ready

¥ E KE 5

CHESS / LEPP

USPAS 2005 Recirculated and Energy Recovered Linacs



~— Spreadsheet: beam break-up

———> bbu controls execution of beam break-up code
EiMicrosofit Excell= irfelxis _JJ\E

File Edit “iew Insert Format Tools Dats Window Help == x|
Dl Sy 4 BRE &= A 8l %Ml 4S 00w ~ 3| arial ~10 v |BJI U EE=ZEE $ %, W% EE S hAL
| B7 | =| 3.31665
A B [ D E F G H | J K L I N 8] B Q R S
1 change this at will can change this too add Yake' recirculation length here —1
2 |current 3.31668]  ma coordinate_output <= ac2E1 matrix check output |-> [ 1
3 |t on G000 ps voltage output = ac221 threshald file name  |-»
4 |t print 5 1S
5 homshefore  |no yes | no ‘
5] Run Bl for a Given Current BEU Threshald Search
| 7 _|Threshold I 3.31663!mA
g
&) 8.00E-07 - [+ x] 0 0.35 0.001 ] 0.001 ]
10| gooeo7 Eonidinales ay| 3 valt_xW] volt_y[v] z[m] dt[s] KE[Mev] |x[m] ¥rad]  |y[m] yrad]
11 407 4 451 1.13208 1.16266 12.056 2.50E-09 16.922 000045 0.000127 -0.00124 -Z.56E-05
2 " 902 1.16345  1.12408 13.216| 3.87E-09 21.031 000054 971E-05 -0.00113 1.54E-05
13| 200507 5 1353 1.86321| 192054 13.966 2.50E-09 25.139 0000557 767E-05 -0.00102 3.79E-05
14 0.00E+00 1804 0.061306 0.190374 15127 3.87VE-09 28.865 0.000601 B.36E-05  -0.0009 4.83E-05
15 2 00E-07 2255 1.7972 1.7828 BT R, TR TR EOERIE HRERRE _"'"”'E—DE
16 2705 121656 1.40022 0.0015 Orbit Check x| =05
7 e 3157| 0.983014| 0822718 0.001 . }—h.y =05
18 -6.00E-07 3608 1.83059 1.95176 0.0005 4 % = 017
19 Index 4059 0.217025 0514219 0 T T T NB7
20 4mIU| -1 1/E-U7 | 407 E-US 45100 1BB333  1.695803 -0.0003 F Bladis -+ it k 0163
21 10 —_— 4961 1.28544  1.58252 -0.001 F .i‘; 1016
22 HOM Voltage - ks 5412 0.8083413 0511574 -0.0015 -+ a7
23 =y 5863, 1.78596 1.9264 -0.002 = 1154
24 1 - j ; B314| 0.358725 D.815637 -0.0025 - 151
2 Sy e a0 00RO gEs|  1.52543) 1.36507 -0.002 = 1148
26 01 4 7216/ 1.33839 1.73563 -0.0035 — =05
7 7667 0642385 0219728 Fosition 205
28 S 8118 172779 1.545929 35116 3.587E-09 67.262 -0.00053 -262E-05 0.000994 -284E-05
29 ' G969 0.458456 1.08558 35.666 2.50E-09 71,102 -0.00055 -2.42E-02 0.000945 -2.95E-02
30 90200 1.38771 111211 37.027 3.87E09 75197 -0.00059 -221E-05 0.000385 -3.11E-05
31 0.001 9471 1.37386 1.582724 37.777| 2.50E-09 79.291 -0.00059 -203E-05 0.000339 -3.21E-05
32 Index 09922 0.483415 0216568 38.937 3.57E-09 83.385 -0.0005 -1.87E-05 0.000781 -3.28E-05
L INETA] A KL 1T AL 112 1 _EEO20 i v] a0 FRT 7 ENF NQ a7 AR ANNnNE 1 7IF N8 OONA738 2 234F NS
R A products £ twiss % - hbu,( bbu_latfile 4 bbu_hams ,( bbUJJaram f - long_phase_space /RS6 fz fdp / 4|
Draw - |& sutnShapes » ™~ W O O ; E ERE -
Ready
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~— Spreadsheet: longitudinal phase space

———> long_phase_space tracks a bunch 1n the long. p.s.

Eile Edit ¥iew Insert Format Tools Data Window Help

Microsoft Excel - irfel.xls

Dl S %Y 4 BE - @ = A 5L E WP - 3| Al +10 v B T U EE B % ,
= =
A E c [a] E F G H 1 d K L ] [ 0 P [#] R S i 1] [ W >< 7 zZ—
1 rs
2
3
; DOFff-crest angle i-|1|0tl|e main linac [deq) — sigma_z (ps)
(?i Initial energy sp;ezad 7€) atinjection pOiI{' .I — RSB m)
8 | Initial bunch length [ps)
a 15
i APIP s=8E6m
1 maz energy spread () 0,006
12 |due to FEL interaction
:i 2126668 - 5 0.0’04 1,4 %o
. . & & -
16 | First Bates" TH66 [m] Dy ¥t e
1% -0 w{‘»o & o;
7 LR
18 | Second Bates® T566 [m) 5 z ded M‘ :4 5
19 0 z Y, P 3 .
20 & *
2 Joos ™ .
22 +
2 0006
24 z [ps)
25
;: AFIP 0.006 s=41.2m APIP o 5=100m APIP 003 5=110m AFPIP 0.03 s=141m APIP s 3=172m
2% 124 *
® 0. 1 2
23 % o004 0.08, 1 ‘ 1]
20 d . . e lla. *
2 + 00 34» & 084 3
az + 3 * 0.6
33 5 [ A0 I e |
o 0.002 1 "oy, M40 * 5 ‘::s w(E e s 100 0.4
= o] ¥ PO 2 S 0.2
36 + o »: * * s
7 0.006 - i Lt 0.006 HIHIE | % 190 50 , 5D
- 0.008 0.008 < 0.03 * 003 0.4
40 z[ps) z (ps) z(ps) z(ps) z(ps)
4
42
43
| 4 » [ nf products f twiss { -—-=bbu ¢ bbu_latfile £ bbu_homs bbUJJara@g_phase_space,(RSE fzefdo/ 4|

Draw - ¢ futnShapes - . W O O 43 d-F-A-= =8 Wi
Ready
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Longitudinal Phase Space Manipulations
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~— A brief overview of longitudinal dynamics

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

e second-order momentum compaction

e requirements for energy recovery
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— First- and second-order correlations

A 5
6:50+a—5 l+la ? > +..
0 o, 29|
1
/ 5560+a5l+§,8512
05 = \/G§O +azo; +1 B0, £, :Gl\/6§0 +1 Bjo;
a5 — Elmac kRF sin @ ﬁ5 — __ _linac k}%F COS
Eﬁnal Efinal
kp. =21/ Ay =31.5m" for1.5 GHz
\_ CORNELL

TN T Y E E 5 T'T ¥

C H E S S / L E P P USPAS 2005 Recirculated and Energy Recovered Linacs

10




— After acceleration

after the main linac:

O = —Kpp @

2
Bs = —kyp
assuming large Eg,./E, cciion @nd small energy spread
enerqgy spread: longitudinal emittance:
O5 =050, for ‘go‘ > %kRFGz | 3
€515 Bs0;
~ _1 2 1
Os = ﬁﬁ561 for ‘(D‘ < ﬁkRFGz
\_ CORNELL
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~— Longitudinal transtorm ~

¥ O
" Us =
I"=l+R S+T., 0" ° 1+R.Q
5 =3 - ;
- ,3* _ 185 — 2754405
°  (1+R.,)
L=[(+x/p) +x7+y"ds
momentum compaction (times the path length):
R, = jﬂds
p
second-order momentum compaction:
2 72
Ls66 = j{n(z) + i + i }ds
p 20 2
\__ CORNELL /
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~— Compression

. . 1 1
for maximum compression need R, =——=
64— a5 kRF¢
/ for maximum compression need
- T. = Ps ~ L
208 2k,.0°
K *s rr P
o actual (absolute) value of 75, can be smaller
Gcomp Gcomp
ATS66 o, " = ; 2 2 = Zl 2,2
ol \/506561 «EkRFG, 0,
no 715, is needed beyond a certain off-crest phase angle
2
— Gl kRF
(p > (pT566=0 o ol lcomp \/5
\_ CORNELL
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~— Achieving the right values of Ry

— Q1
—Q2

0.2 1

0
A5

quads strength [1/m**2]

-30 -20 -10 10 0
-0.2

A [

R56 [cm]

Adjustable R
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~— Bunch length in the Bates’
Bunch length in the Arcs:

2 _ 52 S Y -
0,,=0,, 1+ ER% + second_term

For off-crest of several deg: ﬁR% >1

position [m]

\_ CORNELL

4
] L] | | L] L] ? —Rs6
3.5 —phi=-10 15 Ztax —etax
phi = 10° phi = -10° - .
E —phi=10 x 0]
Z 2.5 1 ——2nd term &0 ' ‘ ‘
=) 5_057 5 10 15
3 2 8 N
g n R56
(8]
€15 15
Q on crest
» | o LM O ——1 M
E 11 \l/ = position [m]
0.5 | <
2nd term \ \/ R56 =14.4 cm
0 T T T T T T T 1 I
0 2 4 6 8 10 12 14 16 (trim quads off)
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~— Achieving the right values of Ty ~

changing sextupoles B
strength in the Arc...
t (s)

2 72
Tsg6 = J[n(z) + il + i }ds
p 20 2

Moy + K(SMy =—h+kn—1k,n’ + (0 + 2k n° +Lhn”” + A'n'n+2h™n
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~— Energy recovery

5 A0 = BsIAl
N Al ~ RO 5 Al ~ T’566G52
i} ; AS ~o,
2 1 R O 6dump G5d -
" Bio,
General rule of thumb for successful energy recovery is having
the full recirculating arc 1sochronous to first and second order (R,
=T =0).
In IRFEL, the main difficulty 1s an additional energy spread
generated at the wiggler due to FEL interaction.
\_ CORNELL
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Controlling Bates’ quads

———> elements sheet, yellow region

MICTOSOISEXCE] =TTl s

File Edit “iew Insert Format Tools

Data Window Help

|| arial

DNl SRy | &BRY - @& = A &%l ﬂ.g?S% ~ @ +~ 10 =|m £ O B %, 0
[ AE140 | =[O
k& ] L | M | N [5] P Q R S T u W W X i H B4 AE AC A0 AE__| AF AG AH Al [ —
03 5
104 | } \
105
106 | 40 r
07 | \ ﬂ
108
109 | 3 . —betax
o { K /l \ — 10%etax
m
e | hetay
13 |
4 |
15 |
6 |
117 :
g | 180 200
n |
120
121
122 chisq forN{t ko backleg | 29.32883 injection betas chisq for fit ta linac 40.35956
123 | GRADIENT INTEGRALS - presumeably in kg... chisq for it wiggler: | 2175823 0986545 1313093 38779555 9.8%05931 fit function For fittoling  165.8305
124 chisq for fit to)
1285 | nominal set offset nominal sek offset nominal offset nominal _ set ket
126 |QHIFO3 | 2 i 0.9 GRIF0T | - 2l 0 124 GagF0s [ T v 0 7.2 -21
127 | GRIFO3A 5 i 168 GHIF0Z o i 118 GHEFO06 v ] i ]
128 | QHIFOIE | ] 0 0.9 GXIF03 l 0 0 GREFOT v 0 1 0
128 | GeFoe [ a i 0.7 GRIF04 L 0 141 @HAF0E r 0 375 0.93
130 | GRIF045, | ] 1 139 GXIF05 1 -2.26 GXGF09 3 i 375 -2.21
131 | GHIFME 2 0 -0.7 QXIF06 0 103 GXEFI0 3 i 169 129
132 [ S
133 | GHzFOt 2 i 146 QRIF02 0 2 124 6.5
134 | QH2F02 2 i 2 GRIF03 — 0 38 -232 ]
135 | QH2F03 2 i 1.2 GHIFI0 GH4F0S 2 0 22 178 0
136 | GH2F04 2 i 0.5 GHIFN 0 78 QHAFID 2 i -21 -1L.655 156
137 | GzFos 2 i 0 GIRIFIZ 0 127 QHaF1 ] #m] i 48 2,365 -3.36
138 | GH2F0E 2 i -25 GRAF12 T i 28 1655 161
138 | dshift___af shift
(140 | guoFoz 0 -0.0305 GTZFO7 0 0025 GTSFO A 0 0o0s hi
1“1 | QJOF 04 i 0005 QT2F0S 0 0175 QT5F02 ] 0 00266
42 | QJOF05 0 0.259 QT2F09 0 0175 GT5F03 1+ 0 00266
143 | QJOF0E 1 0 -0.25 QT2F10 0 0025 GTSF04 T 0 00005
144 qa from -3 ko -B deqree off crest i relay 2nd linac triplet ta (-] MBS ko Wi -00g211 B
L] :G_I_:!A - For nominal 145 MeWie setup. Theze 5, 00146421 0.0457EEE | -0.016632
R \———> elements,{ matrices /( products /( -—-= bhu /( bbu_latfile /,{bbu homs /( bbuparam /{' = IDng_phase |<
Draw » R AutoShapes -
Ready
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~— Off-crest phase, FEL energy spread and Tsq, ——

———> long_phase_space sheet

Ea‘;l]f_'ru;uf': Excel - irfel.xl

Eile Edit Wiew Insert Format Tools Data Window Help

DEE SRV iR T v- Q= A8 E ST - @) Al -0 - BJIUE=E=ES %,
| B34 -] =| =2IF273
E F G H I J K L 1 N ] P £} Fi 5 i 1] W W " Y z—

2 | <

3

; Off-crest angle | —sume=e»

: g

= 02 — RS6 {m)

& | Initial bunch length [ps)

] 15

; FEL d

? T, ener Sprea

12 fdue to FEL interaction fLr——

13 23 -+ | 5.OT47Y a

i ) (-3

—

15 |FigpeHates’ T566 [m) 1 B 0

; st Bates E

[ - 5

18 | Sege Bates’ T566 (m) 3 S — ;

‘290 l | d [ 20 40 60 a0 100 120 10 180 180

21 | First Bates' RSE [m) ™ 2n BatCS

22 0.33736

23 0,006 7 T

24 |Second Bates' RSE [m) z(ps) |

25 0

2 AP 5=412m AP 5=100m AFIP L s=110m APIP — 5=141m

27 |Linac to wiggler RSE [m] i R b = e A Oyl 5

;g -0.202067) ooa! ’o . O | : e » s | o

30 |Full are’s R56 [m]Y 0.002 “' :: :03‘02;' g"*g * ‘2 ﬂ]’:r‘ & 2 0.0

A -0.00331 552 ¢ L EHgN . .01

P Pt }‘ PO +
gg Bunch lenqth at the wigger [ps) | .5 J Fla © -JII B3 SR b4 3“”?‘ VA
E : 2 t T r

24 | 0.1332??.| 7 q 9‘!@2 ) ,::::‘:’ -4, 0.2 ;;,160 o:b'.? + 04 -20 -0 g 10 20

35 |rms ! maz spread before wiggler - 004 _0.00“"_ i * i + ‘- o 1 2 + A B

36 | 0227317 1179537 ri + 1. . ,30 .

37 \rms { maz spread after wiggler [34 . 0006 4 -0.006 . 20271, . s ey

38 | 1026097 5074783 e i sl || * s

2 f Cirthed 7 0008 0.008 0.03 0.03

R s | M0 opical = the dume [ z (ps) z (ps) 2 (ps) z (ps) z (ps)

]

42

43 —
44 | it
44 » 0 /( mafrices /( products /(twiss /( -—-= bbu /( bbu_laffile /,{ bbu_homs /( aram \———) Iung_phase_spal:e,(RSEu z » | |—

Draw - ¥ sunshapes- S W O E 4B Sd-2-A-= =E0g.

Ready Calculate
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— Exercises

1) Set the off-crest phase angle in the main linac to 0 and ‘turn-off” laser
interaction. Observe how the longitudinal phase space looks throughout
the accelerator and at the beam dump.

2) 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¢c should be 0). Compare calculated R, with the value in the model.

3) 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.

4) “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?
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— Exercises (contd.) ~

5) Adjust Rs, in the second Bates’ section to minimize energy spread at
the dump. Note the smallest energy spread you were able to achieve.

6) Use T to minimize energy spread at the dump. Note the values of Ry,
and T of the whole recirculating arc that allowed the result. What 1s the

smallest energy spread you were able to achieve? Achieve less than 15 %

max energy spread at the dump.
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~— Higher order modes

Two basic concerns:

@pass beam breakup (di@

*Resonant excitation of a higher order mode (monopoles)

monopole (m = 0)
M, ,-like

dipole (m=1) quadrupole (m = 2)
M, -like

high energy losses, no kick

kick and losses when kick, coupling and losses
beam is not centered when beam 1s not centered

J
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~— BBU threshold for a single dipole mode

~

trag- < 1110 M tr5e-> 1RO 4 yige code!
lYES YES
. NO .
Tirsmw t, <O —— Tiosinwyt, >0
= <1
lYES €= 505t €
t, = (n, — oty
[ = ¢ 2 integer n,and 6 € [0, 1)
0 ,
KT,,sinw,t, I
K =1,(e/c*)(R/Q)(w5/2)
Iy = €~ + —Mod (watr, T
]C‘Tlg‘ \/ )
v
Iy = €2 + ———h[oCltuAt :i:—— 2 , 18 independent of t,
IC\Tlg\ \/ 2’ )*

_ CORNE

J

"r’EH.‘iTT"I'

CHESS / LEPP

USPAS 2005 Recirculated and Energy Recover

ed Linacs

24



~— Controlling BBU code

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

EiMicrosaftbxcel=hrelixls _ [B]x]
Eile Edit Wiew Insert Format Tools Dats Window Help =] x|
DEHE &SRy & 2R @ = A 23 bl 10% (3] arial ~10 v|BZI U S==E$ %, E & -

| B7 | =| 3.31665
A B [ D E F G H | J Q R S

'recirculation length here

=

change this at will . .
s LT g oz —pen) owput voltage and
T 5 coordinate at a given
Run Bl for a Given Current ‘ BEU Threshald Se .
CaVlty (HlllSt have a

1
2
3
4
H
]
| 7 _|Threshold I 3.31663!mA

g8
9 £.00E-07 : vx 0 0.001 0
10]  sooeor Goerdinates N eyl 2 walidv] volt_y[v] HOM') y[m] ylrad]
11 " \ 451 113208 1.16266 7 -0.00124 -2.56E-05
12 ; 902 1.16345 1.12408 13.216) 3.87E-09) 21.031] 0.00054) 971E05 -0.00113 1.54E-05
g 200807 3 \L’m 1 2ETI 1 0onsd 13.956 2.50E-09) 25.133 0000557 7.67E-05 -0.00102 3.79E-05
14| opoes00 15127 3.87E-09 26.865 0.000601 G6.36E-05 -0.0009 4.83E-05
5 oear w o controls length |~ " m e omee et
|- = Orbit Check +x| =05
17 3 . " my| 05
18| -s00E07 3 (tlme) of code 5-4( a‘ &‘ — 07
19 Index 4 1 T T T 1ET
N - | g : ] 4 4
g? . 4500 -1 1A E-Ud | 47 el - j executlon ; w0 i 1t E 0 ;é?g
22 HOM Voltage *x Bhre—orooos oo . -+ 157
23 =y 5863| 1.78996|  1.9264 -0.002 = 1154
24 1 T T T 6314| 0.358725| 0.815637 -0.0025 = 151
25 AT ELDL RAohe S0O00D eFER 162643 1.36907 -0.003 = 1148
26 04 4 7216| 1.33832| 1.73563 -0.0035 e =05
27 7667 0642385 0.219728 Z05
T — 8118] 1.72779] 1.84929 35.116| 3.67E-09) 67.262| -0.00058| -2.62E-05) 0.000994 -2.84E-05
29 : 89569| 0.488455| 1.08558 35.966 2.50E-09  71.102) -0.00058 -2.42E-05 0.000245 -2.98E-05
30 90200 1.38771) 1.11211 37.027 367E-09 75197 -0.00059 -221E-05 0.000885 -3.11E-05
31| o0m 9471| 1.37386| 1.82724 37.777 2.50E-09  79.291 -0.00059 -2.03E-05 0.000339 -3.21E-05
32 Index 8922 0.453415 0.216G6G 36,937 3.67E-09 83385 -0.0006 -1.87E-05 0.000781 -3.28E-05
23 LIREF (=R B [N P - 1 BR300 1. 77970 20 FR7 0 7 FENE NG a7 A2 NAOnnE 1 7IFE N8 ONNO7238 2 23I4AF N5
4[> [ M| products f twiss - long_phase_space  /RS6 fz fdp / 4|
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Controlling BBU code: HOMs

bbu_homs spreadsheet

MICHLOSOIINEXE:

I~ inf=lue

@ Eile Edit “iew Insert Format Tools Data ‘Window Help

Dl SV iR g o- @ = &gl il 4w

| B3 | =| COMVERT R/Q to [Ohrris]
A B E ] E F E H ] J
acil 5723 ZI0ZEOGS 2610000 a0
ac2l BEN 21133553 3100000 0
T T - comments are denoted by
P = Coins U EIEn ‘P d 1 d: it
e 1 ; i . and are 1gnored; use 1
# ¢ 1s K
42 <t 2941867 267E.E 2I0EE300 tO dlsable HOMS
43 ac281 : 3 " T
44 a2l 2647693 J0BEWE 2118055300
45 a2l ZBATEI3  JOBEDS  21IB0S5300
16 w26l s 2945693 249E.0E 204201100
47 26l 2945683 249E.08 2104201100
48 w26l 2649501 289E.05 2115383300
49 a2l 2349501 28BE.0E 216383900
50 w28 s 2652813 GZIE.E 2114165550
51 awc2s s 2852813 GZIE.06 24155550
52 w2t s 2944333 1O4E.06 2104883400
53 FETTIE 2944733 1O4ED6| 2104683400
54 TP 2351324 19FE.DE 214707500
55 RETTIF 235124 19FE.DB 214707500
56 w2 s 249994 ZITEWE 215201200
57 i 2649994 ZITEWE 2115201200 HOM data that gOCS
58 w2 s 2940834 GNEGDE|  210B00BB00
59 w2l s 2940634 GNEDG|  ZI0B0DBB00 .
60 a2l 2846283 BBGE.DG 2116584500 0 lntO BBU COde
1 awznl: 346283 GEBEDS  211B584500 a0
82 RETIF 2950162 ZEIEWE 210260300 0
&3 a2m s 2950162 ZEIE.DB 2102606300 0
£t aw2m s 2354374 GUOE.06 2113355300 0
£5 FETIE 2354974 BADEDG| 213355300 a0
86
&7
£
89
b
m
72
73
7
i
44 [ M| matrices { products £ twiss / -—»bbu bbu_latﬂlbupar
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— Exercises

1) 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?

2) 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?

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

4) Enable all modes. By changing quads in the arc (in a FODO-like section, sheet
—-——> elements) try to increase the threshold as much as possible. Compare

your highest threshold with others in the group. The winner gets a prize!

_ CORNELL

¥ EFEE ST TTY

C H E S S / L E P P USPAS 2005 Recirculated and Energy Recovered Linacs

27




