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ILC beam parameters

TABLE 2.1-2
Beam and IP Parameters for 500 GeV cms.
Parameter Symbol/Units Nominal | Low N Large Y Low P
Repetition rate fron (H2) - - - - INTERNATIONAL LINEAR COLLIDER
Number of particles per bunch N (1019 2 1 2 2 REFERENCE DESIGN REPORT
_ | _ el AUGUST, 2007
Number of bunches per pulse s 2625| 5120 2625 1320
Bunch interval in the Main Linac ¢, (ns) 369.2| 189.2 369.2  480.0
in units of RF buckets 480 246 480 624
Average beam current in pulse I e (MA) 9.0 9.0 9.0 6.8
Normalized emittance at TP ~ver (mm-mrad) 10 10 10 10
Normalized emittance at IP €, (mm-mrad) 0.04 0.03 0.08  0.036
Beta function at IP 3% (mm) 20 11 11 11
Beta function at TP G (mm) 04| 02 06 02| | * Bunchcharge=3.2nC
R.m.s. beam size at IP o (nm) 639 474 474 474 ° Bunch |ength =0.2-0.3 mm
R.m.s. beam size at IP o, (nm) 5.7 3.5 9.9 3.8
R.m.s. bunch length o, (pm) 300 200 500 200
Disruption parameter D, 017 0.11 0.52 021 ° Bunch spacing = 369.2 ns
Disruption parameter D, 194 14.6 24.9 26.1 ° Beam current in a pulse 9 mA
Beamstrahlung parameter T ave 0.048 | 0.050 0.038 0.097 ]
Energy loss by beamstrahlung Opg 0.024 | 0.017 0.027 0.055 * DUty ratio=200
Number of beamstrahlung photons n, 1.32 0.91 1.77 1.72
Luminosity enhancement factor Hp 1.71 1.48 2.18 1.64
Geometric luminosity Lo 1034 fem? [s 1.20]  1.35 004 1.21
Luminosity £ 10* /em? /s 2 2 2 2
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ILC IR geometry from Marco Oriunno

Comments from Takhashi Maruyama:
The thickness of the cylindrical beam pipe is 400 microns,
and of the conieal’section is 700 microns.
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12 February 2009

Unlts = mm, radlans

The berylllum portlon of the beam plpe extends to 205,292 mm,

Other portlons are tentatlvely stalnless steel, but berylllum has been consldered for the 20 mm and 30 mm dimaster plpes,
Objects are centered about axls "A" unless otherwl|se noted,

Flat heads are perpendlcular to axls "C"

There are no bellows, flanges, BPMs, pumping holes, ... -
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3-D stl model from Marco Oriunno
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Wake fields and a bunch field
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After a second chamber step
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Bunch field

Electric field at the beam pipe wall

c/Z eN N\ 1
E = 03 * : Erpyy=1.15% —5=
(27z )/2 ao [H} 10 a.. O .
a_ =1cm N =2-10%
kV
c., =0.03cm E=75——
cm
kV
., =0.02cm E=115——-
cm
High electric field. Possible electron current from the wall due to
auto emission and even breakdowns at the metal edges.
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Comparison with a bunch in the LCLS undulator chamber

a_ =0.25cm N =0.156-10"° (250 pC)

o.. =107°cm (10u) E = 7ooki: 70M
cm m

Rectangular chamber gives increase by 1t/2, so
electric field reaches level of 100 MV/m .

More than ten times higher field. May be they have such a
problem. The field in the LCLS RF BPMs is around 35 MV/m




Magnetic field near a center of a bunch

o,<<o0,

cZ, . eN
(2z)? 0.0,

E, () =E, f ety B -

=115% N * 1 _1200w_126—v

MV 10
B 107 040 amm ¢m cm

1
H,ime) = 300 E{w}

cm

E

#2 (in the collision) H™ =8 MG=800T

bending radius = 1m
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Field vertical distribution - quad

magnetic field [T]

Bunch magnetic field in collisions
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Beam spectrum

Bunch spectrum goes to higher frequency with shorter bunches

(&)
- —o
A((()) ~e \° Example from PEP-I|

#*FBH 3@ kH=z Narker 3 [T11
UBK 188 kH=z -77.e4 dBm
C Fef -18 dBm #Att 18 dB SUT 13.5 = 13.33c000088 GHz

f =——=160-240 GHz 3, : e LT

3.5copopapa GHz

2 72'0 : Marker 2 [T1]
-14.24 dBn

1.655580000 GH=z

Bunch spacing resonances

f =— n=123,...

L = e = 2.1 MHz

/Z' 480 Start 1.65588 GHz 1.191697 GHz» Stop 13.5728 GHz
b ot ™
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Wake potentials and Green's function

Wake potential describes the integral effect of
the wake fields

W (r) = [ E,(t,2),. .0t

and can be calculated in the time domain by
solving the Maxwell’s equations.

Wake potential of a point charge is a Green’s
function to calculate fields of any bunch distribution

W(7) = j- p(t)G(r—7)d7r' = Tp(r —7)G(z)d 7’
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Short range wake potential (0.2 mm bunch)

wake potential [V/pC]

50 ~

—bunch shape

—wake potential

-200 -
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Bunch Loss Factor

e Beam energy loss is calculated by

kK = TW(r)p(f)dr

e Single bunch loss factor is normalized to a
bunch charge and usually measured in V/pC.
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Loss factor [-V/pC]

Loss factor of IR vs bunch length
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Longitudinal impedance

e Fourier transform of the Green’s function gives
longitudinal coupling impedance

Z(w) = | G(r)exp(-iwr)dz
 And frequency spectrum of the wake potential

Wi(o) = TW (r)exp(-iwr)dr =

= p(w) % IG(T') exp(iwzr)dr" = p(w) x Z(—w)
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Distance after a bunch center [mm]

ILC IR long range wake potential

Long range wake potential
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Loss integral

 We introduce loss integral for a single bunch

K, () = Re{- [W, (@) p(-0)d e}

_ % [|p.(@)f RefZ(0)}dw

e Full integration gives the loss factor:

K (@ — o) =K,

— - — — . .
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Loss inegral [V/pC]
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Comparison with loss integral of the TESLA cryomodule

Loss factor frequency integral
of a bunch 2.5, 1.0, 0.4 and 0.025mm in the TESLA cryomodule

160 ¢

140 |

120 |

100 |

Loss factor [V/pCl

L code NOVO (SN) 2000 ]

Frequency [ (GH?)
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Power loss of a train of bunches

e Because of superposition of electromagnetic
fields, the total field is a linear sum of fields of
each charge. If we have a train of equal
bunches spaced in time by T, , then wake
potential for the N-th bunch is a sum of wake
potentials of previous bunches

W, (7) = YW, (T, + 7)
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Power loss

e Energy loss of N bunches
1 (00)
ky == [| oy (@) RefZ (@)}
Q 0

e Power loss )
A

i]ﬁ |,0N+1(a))|2 ~|p (a))|2 Re{Z(w)}Hw
T Ty

1—exp(iINwT,)

py (@) = p (@) X Z SN )= @)= — xXp(aT.)
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Some mathematics

e In case of a long bunch train

sinaT, (N + )

.1 2 2 &
lim — —>—)> d(w-w,)

o After integration we get final result

p = iT—?\pxwm)\z Re{Z (e, )}

m=1
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Cut-off frequency
e Cut-off frequency is the maximum frequency

of captured modes in a cavity.

e Itis determined by the size of a beam pipe.
e For EO1 mode

£ cut-of c v, 0.114/4

— — X — =
Gzl a2 3

[m]

ILC IR: a=10mm=0.01m
f=11.47 GHz
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Second mode(363 harmonics): maximum R/Q

F=0984.51781 MHz

zoomed
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Wake fields in the corner

il B | : :\;%‘
b o ) I'éﬁff; Wi
N'i'f
1l b \' I W I

el | V
—>

.;' ||. r

| | J.Ld: ]'

s!h'%"s ARD MDI Meeting SN 01/20/2011




MAFIA simulations
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summary of all modes fourd @~ ---—-—-—-----+-------+- salwver
——————————— maxwell's laws ——————————— accuracy
mode freguency/hz =diwid)= =div(b)= =curlcurlfel)= Fax=Tx/
max Korm  max norm o max norm 12 norm S
1 B.754444E+08 3.8E-08 0. 0E+00 6. 2E-04 3.4E-05 1.6E-04
2 G.821575E+08 1.2E-07 0. QE+00 8. 9E-04 3. 7E-05 2.1E-04
3 1.044301E+09 3.4E-08 0. 0E+00 5.9E-04 4. 6E-05 2.0E-04
4 1.125241E+09 1.1E-07 0. 0E+00 F.5E-04 F.3E-05 2.9E-04
3 1.179520E4+09 7.0E-0B 0. 0E+00 7.5E-04 1.1e-04 4. 0E-04
4] 1.231551E+09 B.7E-08 0. 0E+00 6. 2E-04 5.3E-04 2.3E-04
7 1.302785E+09 6. 8E-08 0. 0E+00 4. 3e-04 3.68E-05 1.7E-04
8 1.326441E4+09 8. 5E-08 0. 0E+00 5.8E-04 G.BE-05 3.0E-04
9 1.415353E+09 8. 0E-08 0. 0E+00 5.6E-04 a.4E-05 2.8E-04
10 1.419791E+09 7.3E-0B 0. 0E+00 4. BE-04 5.5E-04 2.5E-04
11 1.500033E4+09 7.0E-08 0. 0E+00 4. 3E-04 5.9E-045 2.7E-04
12 1.5325397E+09 G6.9E-08 0. 0E+00 4. 3E-04 3.4E-035 1.7E-04
13 1.581816E+09 7.0E-08 0. 0E+00 3.8E-04 5.3E-04 2.6E-04
14 1.641874E4+09 6. 2E-08 0. 0E+00 3.8E-04 5.3E-04 2.7E-04
15 1. 66164 2E+09 B.4E-08 0. 0E+00 4. 0E-04 2.4E-05 1.2E-04
18 1.7389012E+09 7.3E-0B 0. 0E+00 3.2E-04 3.5E-05 1.8E-04
17 1. 74957 2E4+09 7.7E-0B 0. 0E+00 3.3E-04 1.9E-05 1.1E-04
18 1.812262E+09 7.9E-08 0. 0E+00 3.5E-04 3.1E-05 1.5E-04
19 1.854955E4+09 6.1E-08 0. 0E+00 3.4E-04 3.0E-035 1.8E-04
20 1. 868092E+09 1.3E-07 0. 0E+00 3.2E-04 3.2E-05 1.9E-04
21 1.910781E+09 1.1E-07 0. 0E+00 4.3E-04 7.2E-05 3.5E-04
22 1.956755E+09 6. 5E-08 0. 0E+00 4. BE-04 6. 6E-05 3.3E-04
23 1.970687E+09 9.1E-08 0. 0E+00 4. 5E-04 7.4E-05 3.2E-04
24 2.029463E+09 5.1E-08 0. 0E+00 4. 5E-04 7.9E-05 4.1E-04
25 2.004812E+09 6. 2E-08 0. 0E+00 S.1E-04 4. 8E-05 2.8E-04
26 2.097944E+00 B.4E-08 0. 0E+00 7.7E-04 1.1e-04 4. 5e-04
27 2.143732E+09 1.3E-07 0. 0E+00 2.4E-04 3.3E-035 1.6E-04
28 2.167004E+09 7.7E-08 0. 0E+00 3.0E-04 2.6E-05 1.7E-04
29 2.197244E+09 1.0E-07 0. QE+00 2.9E-04 3.3E-05 3.1E-04
30 2.200334E+09 3.4E-08 0. 0E+00 3.6E-04 5.6BE-04 2.5E-04
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Second mode

17:48:31 VERSION (V4. 200] JAFS/SLAC, STANFORD, BDU /G /AD/MAFLA/VOL2 3/ SASHA/ PEPCAVITY /VAVE. D

MAFTA -

H#A

RROW

INA

7.288E8146
0.00
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Other mode

FRAME 1 AFS /SLAC, STANFORD, EDU AD/MAFILA, 3/ SASHA/ PEPCAVITY/VA L
TIME HARM MAGNETIC PLU MSITY IN M

#ARROW

INA

7.288E8146
0.00
I T T T T T T T T T ]
0.00 1.41 2.82
R
+ z
~1l A~
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Interaction with one mode

t

Mode voltage decay V() =V(o)e ™

Loaded time decay
or filling time

_2Q _2Q _ Q

In

o 2t xf

Loaded Q-value Q
which includes coupling
Bunch spacing T
Mode survives to Fo <<1
the next bunch if Tin
. T
and loaded Q Q >> nz >=rfr,

ARD MDI Meeting
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Coherent and incoherent excitation

Incoherent Coherent at resonance
condition QI <7 fnTb QI >>TT fnTb
20, R 2R
Loss power P =1 ——1, Pn = _QI

Q

Loss factor
o, R

S 5 Q Pn — IzknTb Pn =21 zknz-l,n

If the bunch spacing is equal to mode decay time the coherent
power is only two times larger than incoherent power

g!hl%‘s ARD MDI Meeting SN 01/20/2011
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Loss inegral [V/pC]

Loss integral and cut-off frequency
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Total loss power (all trapped modes)

Total power Pincoh. = | sz kn Pcoh. =21 Z knT|,n
n n

Trapped mode frequency range 0.85-11.5 GHz

Bunch spacing 369.2 ns

loadedQ  Q=zxf7 990 - 13300

D> k,=7.3VI/pC
Prcon. = 440 W P, =880 W

Average power is 200 times smaller

— - — — . .
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Power loss above cut-off frequency

 The spectrum here is more or less smooth

function of frequency and we can change the
sum of series back to integral

o0

P=3 Zlp @) ReZ(@)b= | —|pu(0,)f RefZ(0,)}do

m=1 b Wpyt—off

e The beam power loss above cut-off frequency

P_ Ibzeam XT X(k K( cut— off))

— - — — . .
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Power in a pulse (two beams)

Power [kW]

10 ~

1/oc [1/mm]
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Resistive-wall wake fields

(Losses of image currents)

conductivity

Al

Cu
SS
Au
Be

Ni
NEG

5i— m ARD MDI Meeting

/Ohm/mm

35000
58000

1400
483800
25000
14600
55

277

To be checked
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Fields at the Be chamber wall. Bunch 0.2 mm

—Er —Ez

100 40

90 / \ 30

80 / \ /. \\ 20
'g' - / \ / \\ 10 'g
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2 \/ [\ E
§ 40 -20 g
. \ [\ E
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- /N [\ -

20 / -40

: /N N\

0 4—/ \‘~ -60

1 0.8 -0.6 -0.4 -0.2 0 0.2 0.4 06 0.8 1
Bunch distance [mm]
&1 A~

ARD MDI Meeting

SN o1/20/2011




Power loss due to resist wall. Not so much.

\Resistive wall wakes Be 40 mu a [mm)] L/2 [m] Total resistive Power [W] E
12 0.0625 !
‘bunch [mm] fbunch 1/mm V/pC/m Power [W] E
i 0.2 238.7324146 5 0.7710933 5.764924839 224.4359994,
: 0.3 1559.1549431 3.333333333 0.4153219 3.105071121 114.3046605! -
i 0.5 95.49296586 2 0.1917086 1.433271006 45.96?330985 X 5 (NEG) _600 W
iResis‘tive wall wakes Be 70 mu a [mm)] L/2 [m] E
l 16 0.14279
ibunch [mm] fbunch 1/mm V/pC/m Power [W] !
: 0.2 238.7324146 5 0.5829 9.956313235 E
i 0.3 159.1549431 3.333333333 0.3127758 5.342415229 .
i 0.5 95.49296586 2 0.1440605 2.460654392 E
Resistive wall wakes 55 150 mu a [mm)] L/2 [m] E
i 82.81 1.345644 .
‘bunch [mm] fbunch 1/mm V/pC/m Power [W] E
E 0.2 238.7324146 5 0.6931 111.5662359 .
: 0.3 159.1549431 3.333333333 0.3488 56.14529371 E
E 0.5 95.492963586 2 0.1336 22.31002783 .
iResistive wall wakes 55 150 mu a [mm)] L/2 [m] E
: 63.3485 0.145
ibunch [mm] fbunch 1/mm V/pC/m Power [W] !
: 0.2 238.7324146 5 0.2838 15.41625022 E
i 0.3 159.1549431 3.333333333 0.4305 7467029388 .
E 0.5 95.49296586 2 0.174 3.018032784 E
‘Resistive wall wakes S5S 150 mu a [mm)] L/2 [m] E
93.3 1.119 :
\bunch [mm] fbunch 1/mm V/pC/m Power [W] E
i 0.2 238.7324146 5 0.6106 81.73227528 '
: 0.3 159.1549431 3.333333333 0.3156 42 24485109 E
E_ 0.5 95.49296586 2 0.1251 16.74534497 ,
&1 A~
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Summary

e The amount of energy loss in IR is almost the same
as energy loss in one accelerating cryo-module.

 Addition energy spread at IR is not more than 0.2
MeV

 Average power of IR wake fields is of order of 30 W,
when pulse power is of order of several of kilowatts.

 The spectrum of the wake fields is bounded by 300
GHz

 Transverse wake fields may travel long distance and
penetrate inside bellows, pumps and vacuum valves
and may interfere with sensitive electronics.
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