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Busch lnglhiring due 1o polestial-well Listortion

Potential-well distortion
wakefield in the beam pipe
electromagnetic interaction with the impedance of environments (ring impedance)

=> Bunch lengthening
=> single-bunch instabilities (microwave instability)
Broad-Band resonatormodel ~  ———— e L T AT

Beam pipe =>low Q resonator

At low beam frequency regime
(long bunch length)

resistive |

kapjsit'we ]

Im{Z/n) 1

(inductive part)

Impedance

Im (Z / n) = constant

(resistive part)

Re (Z / n) = constant (may be small)
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lnductive asd Resistive lompedarce Model
Ring impedance Z(®)=-i w L(w) + R(w)
Wakefield V,t)=-L dTI(tQ +RIQ®
Hamiltonian H=-lez 12, d f‘ v,(1)d1 e=d /0y
27 2 a0 E, Ty 1=& /0,
‘ oy .oy .9y _ oy _ _ -
Vlasov equation P and 5 =0 then p(t)=N, L y(H) de
lati Lo “p(t)dx
Electron population p(t)=Kexp|- ;T -alLNn, p(t)-aR NPJ: p(t)d=

K ; Normalization factor
a Eezlacsza T,
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Solution in a differential equation (Haissinski equation)

2
df tf*Ef (Tfo,. ::g andtgt)

dt~  11f
Normalized distribution function: f=aLN,p@
Relative resistive impedance: E=Ro,/L
Universal normalization factor a=e’/acy EyT,

Equation can be generalized by using a normalized charge. I

aZN, _ iz _ IZh
Ow |a|(Eo/e)0yp0y 2 R frr’ Var G’

rzf fdt= Z=L+04R

Ihn?

30 3
2nfrr” VRr Oy

Normalized impedance Ile/n'+Re|Z/nlE%fZ,then I‘=(Im|Z/n|+Re|Z/n|)

(The formulae are valid below the threshold for microwave instability)



Bunch Length
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Bunch length;
Centroid;
Bunch shape;

Centroid Location
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R=10%

Bunch Shape

;;;;;;;

Inductive impedance (L) dominant

Resistive impedance (R) dominant (Loss factor)
Asympetric due to resistive impedance
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Experimental; Bumch length and sbape (WSOR)
Bunch lengthening Bunch shape
Beam Current (mA)
0 12 24 36 48
20— r—r————7—— 3 A ——r—r—r— ———r—r— .
- (a) ] F (b) I = 8 (20 mA)
[ o =+ 0.035 : [ Haissinski eq. -
[ . *] [ Haissinski eq. (R/L = 0.2}/ :
[ ] __,.---""----- ] [ e 1
1.5F i - 2 747 .
2 [ __,Q-*"i'-.-- ! ] [ ]
A e | :
o = Haissinski eq. 1 -

0‘5’ R I . I . L . ] 0 a4 TR e
0 5 10 15 20 -6 -3 0 3 6

UVSOR ring: L=130nH [Im[Z/n]=0.73Q Re [Z / n] = 0.15 Q (bunch length dependence)



Energy Spread [Ma')

Longitudinal. lnstability and Energy Spread

Solution of Vlasov eq.

[, 4, ey s = § = A A )

t
L Imergy tpresd

0.3t

L ] ]
[ ]
b &
|:|_2|-‘. M & * @ L] a
0
|:||
| Modulation Factor |
# L] LI L
L
L] L]
F=175

! — 3
e < 10«15_(&

<= Liouville’s theorem =>  Preserve longitudinal phase space size
e d
Phase stability criterion: E[VRF + th) <0

Assuming a parabolic bunch shape at the high current !

3ih 1,
The bunch shape: Mt)=—2"" | 1-—t
e DUncn s ape [ ] 4 \/E Upf,”; ( 5 sz )
d - 37hL IhL
A Ver+ Voake|= - 20 fpp Vopt —=5.-<0 T= -
ail Ve + Voot 105 6, fa 27 fur Ver 0y

s /a7 YT

Uu} where 9p = 45 O, then 16

5 \3
3 Ty

o
E)
JOEIR o UCHEINDOW

3
rcmutﬂJ r<17.s
U.ﬂ. e .

‘os  Energy spread may be increased avobe the upper bound !!



o

Singce

Gy o

Ideal case;
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Inductive impedance dominant (R=0) and no mode-coupling

SE s o
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What We Skoutd Do on #e UVSOR Ring

Need more peak current!! i FEL

How about “short bunch” !?

To realize a short bunch ...

Narural bunch length G, = 1 Eleh Aa
JrF 2% Vip
1) Low momentum compaction factor Gy = JOo
2) High peak RF voltage 6o < 1/ Vgp
ThL !
However r= ‘; > 50

- 2 5 3
27 frr” Vrr O¢

x

X —r g

V24V

N

P\

[ — 5
7 — 2/

Short bunch increases ' => Low threshold current for phase unstable (increase of energy spread)



Bunch Length (ps)
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Bunch Lengtheming at Diffprent Momestum Compaction

Exp'93

Experiment 1993

™ T l1 T
200 ¢ -
a = 0.030 e T
o = 0.032@500MeV » |
133 g g gy YTV “
8O ¢+ 7
o = 00077 . »
70 o R
60 | o 4
50 : y
o =0.0029
40 '.'_——"“i“'_"_'_FP 1
30 ¢ Imiz/nl = 1.01 Q
20 ol | e |
0.01 0.1 1 10 100

Beam Current {mA)



Relative Energy Spread (x107™
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Enrgy Spread at Differest Momerdum Compaction
Experiment 1993 - __ Expe3
Imlz/nl = 1.01 Q ' :

a = 0.032@500MeV -
- _____—u—-— a = 0.030 n

20 40 60 80 100

Beam Current (mA)



Bunch Length (ps)
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Bunch Longlh with Harmonic Cavity (steep effctive RE alope)

Experiment 1993

G~ it 3°17,

Exp'93

SGD T T T T T T 7T l'| T L} L LA | r| L Ll L T 1T
200 t
v f"”=4ﬁwa v, HEY = o kV
r rf
a = 0.032@500MeV (Main Cavity) o
100 L N -
g0 t : 1
80 | 1
70
60 i . R i
50 I o =0.032@500MeV (Main Cavity + 3rd Harmonic Cavity) 1
40 ¢ v MY =46 w&vm““dg KV
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Entngy Sprtad with Hanmonic Canity (steep effective RE slope)

Experiment 1993 alpha=0.032@500MeV
E‘ﬂ T L] T I T T i T T L] r T T 'I' T L] T
Imiz/nl = 1.01 Q
a = 0.032@500MeV _ _

-
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@ FEL'98
Normalization to I
IL

= |nr;| (E[,;‘e) G O

/A0 L 028
Good fit withL=76nH => Im [Z!n]=—=3§5.ﬂ
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