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Design Strategy
e Use the maximum RF power available
o Operate at the beam-beam limit

Synchrotron radiation power lost by both beams,
E*

Pr = 2{?-,; (1)
Cy = (4n/3)(rc/(m.)?) = 8.86 x 107° [m/GeV?3].
Luminosity
£ = L o0 @)
4r o0,
Vertical beam-beam tune shift
DR e -
&y s oy €} (3)
Replacing one power of bunch intensity,
1 &
L==——=x] 4
Eﬂ'.-ﬁ‘;? 4)
ar
s___ 3 &P
£ = Torritmed) 5; * | ©)
Interpretations

e At fixed £, Prand §,
E x p'f3

This determines the maximum allowable energy at these parameters.
Al fixed bend radius or circumference C', Pr and &,

Locvy?

* Al constant luminosity, the maximum energy E increases if C, Pr, £, increase
and 3‘; decrease.




Intensity Limitations

Bunch intensity limitations

* Al top energy, the limit is set by the beam-beam interactions.
Limits from the desired collisions are included in the design, there may be ad-
ditional limits from parasitic collisions.

* Al injection energy, the transverse mode coupling instability sets the limit. At
the threshold the m = 0 and m = <1 modes of the betatron modes ws + mw,
become degenerate. Threshold bunch current

TMCI . E_fml'-"',E 6
W O Bk 1od) o

kj i 15 a bunch length dependent transverse mode loss factor. At LEP TMCI
limits the bunch current to below ImA. 1 assume that similar bunch intensities
as in LEP will be stable in the large ring but this may be optimistic ...

Beam intensity limitations

® This is pnimarily determined by the available RF power.

* Cryogenic cooling power.
The dynamic heat load on the cavities includes a contribution from the beam

P e = 2Ru(a,) ], (7)

e HOM power in cavities.




RF parameters

Requirements
¢ The RF must replenish the energy lost per turn.
¢ The RF must provide an acceptable quantum lifetime.

Energy Gain -
evﬂsimﬁ,-[f-——t:‘.,F (11)
The longitudinal quantum lifetime is determined by the energy headroom

Ngp = AEgr/oEg as

T

Tquants = .N% ﬂpi NQ‘L] (12)

1 [ E?
VerEG(8,) = N, 4

\ 7h m,E rrEG() = N J,pm.c2

(13)
where
G(8,) = 2c08 ¢, — (7 — 2¢,)sin &, (14)

Typically Ngz ~ 10. The two requirements determine the equation for the syn-
chronous phase ¢, and the RF voltage Vir.

RF frequency

s The RF acceptance (AE [/ E)geeep ¢ 1/ v'h so lower RF frequencies increase the
acceptance.

e However high power klystrons are cheaper above frequencies of 300MHz.
LEP operates with 352MHz. For this design we chose an RF frequency of 400MHz.




Arc parameters: phase advance and cell length

. Equilibrium emittance
s The emittance decreases as the phase advance increases, reaching a mimmum
at 135°. In a lattice with FODO cells,

i . 4(. C
e (uC) = 45_‘}:—23’1 mi"f H’E’,}ij’; (e /2), (15)

e Stronger focusing increases the chromaticity and the strength of the chromaticity
sextupoles which can limit the dynamic aperture.

Typically
60° < u, < 120°

For example, LEP has operated with (60°, 60°) at 45GeV, and since then (90°, 607),
(907, 90°) and (102°, 907) at higher energies.

TMCI threshold |
! o 7 ox - cos(5) (16)
@  The TMCI threshold increases if the cell Icng'th Le and phase advance per cell juc
decrease.

Emittance control by changing the RF frequency.

dJ; dJ, Lp {2 + 4 sin? m_—,&]

= — = —d
db dé Lo | sin®puc/2

Lp: length of dipoles in a half cell. Lg: length of a gquadrupole.
Required RF frequency shift is related to the momentum deviation & by

A AR
SN o BB (18)

frr R

Important to keep AR small to minimize loss in physical aperture and transverse
quantum lifetime, i.e. design AJ; /A R o be large. This requires lower yi-and Lg/Lp

to be small i.e. weaker focusing.
Example: C = 228km, Lp = 103.7Tm, Lg = 4.1m, uc = 90°, ac = 0.28 x 1074,
AJs
. AR
This is large enough to be useful.

(17

= (.54 /[mm|
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185-GeV e+e- Collider IR Optics
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IR DESIGN

insert: s s 1
- mmn‘ mmrwﬁ! ymmetry point

RF STRAIGHTS

-
-

Integer insert: symmetry point to s point
Hnrﬁ::lﬁm:ﬂdipub— arc ce

CHROMATICITY/CHROMATIC B MATCHING

L

Lincar chromaticity of IR insertion:
! ~r=liv cormecied with sextupoles adjacent to the high-beta quadrupoles
Nonlinear chromaticityof IR insertion:

Four families of sextupoles (2 per plane) in two standand arc cells Manking the
IR minimize the total chromaticity of the IR insertion up to 3™ order

Linear chromaticity of Experimental and RF straights

Approximately 100 cells flanking the experimental and RF straights have
mmmummmmmﬁﬁm

Relative phases of the two IRs
ﬂ:mmt-ulﬂhﬂ-dﬂhupdmmmﬂtm

by an odd multiple of %/2 relative to cach other 10 cancel the chromatic beta
wave between the two In

Relative phases of the experimental 1o RF insertion

The relative phasc between the experimental and RF insertion also benefited
from control over relative phases, again by an odd mulitiple of x/2.




. C =hw
EH— H__Enn ST §aana R e |
i 7 T U AR
wirens  Jsossaddng R TC I _ =gV
4y votsiadsig . m m ad ad as 1M "
Sy Wg S g BE Wi
sedpbpbrliloplslog® o606
H_m_} —._m_______ 4 1dl 4 Eh.. ﬂm..._..
U= Y 2=y
1Yl
awayag  uonnquisiq  Ajodmxag  [ex0]
.
" sy punore ﬂaﬂﬂnﬂwwm..&@m&wuw_
L 3




ddg g

100 2000 9000 %000 000 O 000 MO0 %000 B0OT- _qnwrﬁ. 100 S000 %000 #0000 7000 0 7000 W00 9007 0T E._”m_....__.
: i LG
| g
] o4 m. 1900
_‘ : o
{to m 10
5
11 m 1500
g
10 & f {10
:
! 110 510
{n {0

WNJUSWOA PIM ¢f Ul 93uByd pue Jiys sunj




Basic Parameters

e Choose 5, 3, (limitations determined by IR optics, bunch length)

e Determine the maximum energy E from £, 35, Pr and §; (choice of £, has to
be self-consistent with the energy) for a given circumference.

¢ Bunch intensity N} is set by TMCI limitations
» Choose a coupling ratio (determined by 5} /57)

k=2 (6)
€z

¢ Equilibrium emittance is found from

N, ( ‘fa
g™ = 15 7
: Yy (2jlr “ﬂ:) @
where factors within () are assumed to stay constant.

o Choose a phase advance per cell uc (upper limit usually determined by chro-
maticity sextupoles).

s The cell length Le is determined by the equilibrium emittance

- (CeRiLep) 7
Erm(J,p[pf')Ra (8)

C, = 55hc/(32v/3(mec?)) = 3.83 x 1071 [m]

e Filling factors f; and f;

C
R=flﬂ- and p=faR, h.fx<] (9)
R is the arc radius, p is the bend radius. Typically 1 < R/p < 1.25.
» Maximum number of bunches is determined by the beam power Fr

Pr p
2C;) Frea NiE" 1o

il




'Toy Model for Beam-beam scaling

Features

e Treats beam-beam kicks as random kicks similar to those due to photon emis-
S10M.

» Betatron phases are assumed to be completely random turn to tumn, i.e. white
NOise process

¢ The beam sizes are assumed to stay matched at all stages, 0 .. = 0;,- = 0,
and oy v = O ,- = 0.

e Linearized beam-beam force

Rate of change of a? (including random kicks and radiation damping due to photon

cmission)

d A2 (a) _ (a3)
E{aﬂ:}?ﬁr =0, - 2? + T_l l:”
where
2
Q: = {NT{;E}H}’ (Sands’ notation) (2)
ey o Nbre-ﬂ; 2 ar
no ['ru;{a;+u;}] Nip fres 3)

In the stationary state, the RHS vanishes.
Without the beam-beam interactions, the equilibrium emittance is

1
€g = EQ:TI (4)
From the quadratic equation,
]. 5
oy = éoll + T+ dxa) (5)
where x4 15 2 dimensionless variable
Nyre.p 2
Xbh = )" ey . (6)
= v Aeg

Ag = 1/(Nypfeeuts) = 2/(N1p frevT:) is the damping decrement.
Application to LEP data

Ny =401 x 10", & =21.3nm, A\g=17x10"3

=+ £0q = 153 nm zﬂa?
1]




Assume correlated kicks can be described by a correction factor I’ < 1 so that

. g = %ﬁ:l] + 1 + lll"xul (7)
I" will depend on the tunes, and the damping times but will not depend on the bunch
intensity.

The vertical beam-beam parameter is

re(1+ &) | 5 2N, 28,0

= — B
b= oy \rBall+ T il I+ A+ O
Al low intensities, this reduces to the usual expression
. ~ 1e(l + &) ﬂ;ﬂ
E 'Ei.u"' 2!‘1‘ Eﬁ; . {9.]
At large beam intensities N — oo,
eon Go (040 [ 5 [h (10)
™ " VTxw  2r \x@\2C

. Thus is a lattice dependent constant, independent of bunch intensity.

Missing Physics
e Dynamic beta effect, easily incorporated.
e Flip-flop effect - is it important in understanding the limit?
o Blow up due to crossing half-integer resonance (£ioear = 4 x 0.08 at LEP)
« Nonlinearity of the beam-beam force.
e Nonlinear resonance effects may not be imporant at high damping decrements.




LEP Data on beam-beam scaling

0.16
0.4
0.12
0.1
0.08
0.06
0.04
0.02
0
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

101 GeV

Vertical beam-beam parameter
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Bunch current pA

Assmann and Comelis (EPAC 2000)

& = ’“
' JA+ (BL)?

A 15 related 1o the zero-current emittances and

B
The beam-beam limit at LEP was reached only at 45.6 GeV
Energy [GeV] oy
45.6 0.045 (observed)

~100 0.11 (extrapolated)

I :E:‘:::AE"I




Juawaidap Fuidweq

#O'0 SE00 €00 STOO TOD  SI00 100  SOO0 0

T T T T T T T H—
ARD9SH (dHT-

F APDG9 idTT -4 SO0

: [ | APDRL6 : I v
sd1 Z ((A2D DOT)DTIA
| di 1 :(A9D 002)DTIA | .

; | . ;\\\u\ 1 sto
! L m ........L.,.....-

. - §

L - _ 4 C0

.. .. L I .. i L “.N.c

Rwered weaq-weaq ay) jo Juljesg

Surpess Jyysoun) weaq-weag|

Ja1ourered ureaq-ureaq [RoNII A




Beam Lifetime
» Radiative Bhabha scattering process e™e™ — e7e™ 7.

1 MM,
Nip Logse-
[2"* A1 ] : (21)
Nip & Ocre | Vrew
1
g3
The cross-section o,.+.- depends on the energy acceptance and has a weak log-
arithmic dependence on energy. In the energy range from 175 - 200 GeV per
beam, ¢.+.- ~ (.36 mbarns assuming an RF acceptance of 1%.

]

o

e Beam-gas scattening.

¢ Compton scattering off thermal photons.

Total lifetime ) .
rmxa 2
Example: LEP
Process 7[hrs]
Radiative Bhabha scattering 5.8
Compton scattering 60

: I
Beam-gas scattering (pressure=0.6 nTorr) | 80
Total 5.0




Polarization

Polarization time

In a perfect ring, the Sokolov-Ternov polarization rate is
1 - 8 &R f
L mﬂ:’t’ P
Since ywirre/vLep ~ 2, pvric/pLep ~ 9,
[TE}VLL-': ~ 23
(Tp)LEP

The polarization time < bremmstrahlung lifetime (24 hours) at energies above 110
GeV. At 185 GeV, 7, ~ 2 hours.

Asvmptotic Polarization
Integer spin resonances are 0.44 GeV apart.

Energy spread increases at higher energies = larger spin tune spread.
. AL 185 GeV, energy spread is ~ 0.19GeV.
Uncorrelated crossings of spin resonances =+ depolarization.
P = 8 1 .8 1
o mnr,m 531 + bE*

Conventional technigues such as tight alignment tolerances, good working point,
harmonic spin matching.... may allow ~ 5% polarization at energies up to 90 GeV.

(Good enough for energy calibration.
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_ ' — ¢~ Collider Parameters

Parameter LEP 1999 VLIC
"Circumference [m) 26658.9 233000,
ﬂ;.ﬂ;[l:m] 150, 5 100, 1

x/(85/63) 0.31 10
Luminosity [em sec™"] 9.73x10% 8.8x 10
Energy [GeV) 978 200.0
Emittances ¢, ¢, [nm]) 21.1,0220 3.09, 0.031
RMS Beam size at IP o3, o [um)] 178.,3.30 55.63,056
Bunch intensity/current [ /mA) 4.0]1x10"/0.720 | 485x10"/0.10
Number of bunches per beam 4 114
Bunch spacing [km] 6.66 2.04
Total beam current (both beams) [mA] 576 228
Beam-beam wne shift £, £, 0.043, 0.079 0.18, 0.18
Number of IPs 4 1
e*e~ bremmstrahlung lifetime [hes) 6.0 48

“Dipole field [T) 0.110 0.0208
Bend Radius [m) 3026.42 32073.17
Phase advance per cell y, ., i, [degrees) 102, %0 0.0
Cell Length [m] 79.110 198.35
Total length of dipoles in a cell [m] 69 184,46
Quadrupole gradient [T/m) 9.50 20.0
Length of a quadrupole [m] 1.60 0.476
Arc o ™" [mm] 1.70, 0.60 1.02, 0.42
Arc dispersion D™, D™ [m] 1.03, 0.450 0.77,0.37
Bend radius 10 Machine radius 27p/C 0.710 0.86
Momentum compaction 1.60x 104 1.54x 10™%
Polarization time [hrs] 0.1 183
Energy loss per particle per tum [GeV] 2.67 442
Critical energy [keV] 686, 5146
Longitudinal damping time [turns] 73.0 45
RMS relative energy spread 1.52x10-? 9.57=10~"
Bunch length [mm] 11.0 6.67
Synchrotron tune 0.116 0.082
RF Voltage [MV] 3050 4852

j RF frequency [MHz] 352.209 is2

| Revolution frequency [kHz] 11.245 1.287

| Synchrotron radiation power - both beams [MW] 145 100.7

| Available RF power [MW] 34,1
Power load from both beams [k'Wi/m] 0.820 0.46

| Photon flux/length from both beams [/m/sec] 2.40x 104 0.91 x 10'*

Table 1: Parameters of the very large lepton collider with a circumference of 233km.
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Figure 1: Top curve for each material: k¥ = 100 V/pC/m, bottom curve: k*** = 300 V/pC/m.

TMCI threshold at 46 GeV

. The effective impedance is (Dugan, 2001)

F 1
Im|Z,)eys ~ Lﬁ : -l}rﬁr'—q a1
Threshold current for the onset of TMCI due to the resistive wall impedance is
;F-’"- lﬁ:w,.[Eg’e}cr. mﬁdv’ | a, vsu,(E/e) 1 (12)
BIm(Z).ss & ELLA Newop C* (1/0%) + (1/a3)
Threshold current due to RF caviues, and bellows:
Eyl.rrﬂ{Fl'lrr]
= BT kLa(0,) 1
The net threshold current from Resistive Wall, RF cavities, bellows:
: : 7w + : - ] - 14
In ~ T¥ T TRF T T Ll
.  Beampipe | k77 = 100 [V/pC/m] | k%> = 300 [V/pC/m]
Al b=48cm b=54cm

Cu b=4.6cm b= 50cm
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Figure 2: Effective longitudinal impedance due to the resistive wall. |2 /n)umrean = 3.39 m): thresh-
old impedance.

Longitudinal Microwave Instability at 46 GeV

Keil-Schnell-Boussard criterion for the threshold:
Z 2xinl(E/e)(o,)?
5, - EEje

15
i (13)
For o, < b, the effective impedance is reduced (SPEAR scaling ansatz)
&
[ 1js L-,r,r [ “]ru{ (16)

With this scaling, threshold impedance for the onset of this instability is 3.39 m(2.
The effective impedance is

_ T(1/4) Rp(1/b + 1/a)
[ ]-: e 2%, (17)

dy is the skin depth at Wy, Whunch = ¢/0,.
[Z,/n]5Y < [Z))/n]thresh only if b > 5 cm for both aluminum and copper.

Al 46 GeV, the nng impedance will be above the threshold for the instability.
Since

RF acceptance = m%"

quantum lifetime should be sufficient with the increased momentum spread.




Coupled Bunch Instabilities at 46 GeV
@ Growth rate for the transverse (m, n)th mode

1 . 1 EM.“ = ' [ _
o) = -l+m4ﬂuﬂ{E;’c}¥RﬂzL[{kM+m - vg + nw, )| Fo(wm — x) (18)

Resistive wall contribution: fastest mode hasn = 0, k = —3 and m = 62 when
M = 114. Growth raie for this mode:

1 _ cMly C
r%0 ™ 4xvy(E/e) 2n

g4 Hop
=Y . 9
(F+ ﬁ}\J o e (13
20 Z 0117 sec  Awy = 0.1

Transverse damping time is 5.7 secs.
RF cavity HOMs (LEP cavity) contributions [using ZAP]::

Mode number n | Mode number m Gmth&m(ncs}[.ﬁ':xiﬁﬁf.\"]
| 0 62 0.14
! 0 61 0.23
0 60 0.29
. 1 93 210.7
1 92 2110.5 |

Growth rate for the longitudinal (m, n)th mode

1 nhwrevlov i hm(wi)Re(Z)wi])/wi
rl’i""" 4w, (Efe) i hml(wi)

RF cavity HOMs (LEP cavity) contributions [using ZAP]:

(20)

| Mode number n | Mode number m | Growth time (secs) [E = 46 GeV)
1 25 0.022
1 26 3.04
1 24 3.53
2 25 2.70
2 26 4438




| Parameter Energy dependence
Equilibrium emittance ¢, P~
Energy loss Uy, RF Voltage Vgr ~ |
Damping time 7, ~ E/U, 3 |
Maximum beam-beam parameter £, ~ 7,"%4 1
Luminosity £ ~ £, 418
Bunch intensity N ~ §yrex Tﬂ
Maximum number of bunches MJ** ~ 1/(N,E*) 82
Synchrotron frequency v, f2
Equilibrium energy spread og/E ~
Bunch length o, N1
Critical energy E. 4
Bremmstrahlung lifetime rp ~ 1/(£,7) ~~23

Table 4: Scaling of beam parameters with energy. Machine circumference and synchrotron radiation
power are kept fixed.

Scaling with Energy

Assume that we operate at the beam-beam limit at all energies,

¢ The beam-beam parameter scales with damping decrement or energy in a given
machine.

e The luminosity drops more slowly with energy £ ~ 5~ ¥ compared to 4~ ? with-
out the scaling of the beam-beam parameter

e The bunch intensity increases more rapidly as N, ~ +*? rather than +*,

e The ¢* — ¢~ bremmstrahlung lifetime also drops faster with energy as 7 ~
"2
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Parameter Radius dc%cnd:nc:
Maximum Energy E P
Equilibrium emittance €, ~ %/ R® p~13
Bunch intensity N}, ~ §,ve; p2
Maximum number of bunches ME** ~ p/( frea No7*) Fab
RF voltage Vgr ~ v*/p P~ oy
Relative energy spread og /E ~ v/, /p i
Synchrotron frequency v, ~ /hVgen/E p'/?
Bunch length o, ~ 1/w,(cg/E) '
Critical energy E. ~ —":— const.
Damping time 7, ~ E3/p const.
Maximum beam-beam parameter £ ~ 7,04 const.
Bremmstrahlung lifetime 7 ~ 1/( freey) A

Table 3: Scaling of beam parameters with the bend radius p. Luminosity and synchrotron radiation
power are kept fixed.

Scaling with Radius

® Due to the strong dependence of the emittance on the focusing in the arcs, the

emittance actually decreases with machine radius even though the energy has
increased.

¢ The bunch intensity also decreases with increasing radii and faster than the emit-
tance in order to keep the beam-beam tune shift constant.

e The number of bunches must be increased to avail of the maximum RF power
when the machine radius is increased. There is an upper bound to the number
of bunches set for example by the minimum bunch spacing.

¢ Virr and maximum energy both increase with the cube root of the machine ra-
dius.

¢ The relative energy spread decreases very slowly as the machine size increases.
« The critical energy does not change as the machine size is increased.

® The damping time measured in turns and therefore the damping decrement Ay
and maximum beam-beam parameter £, also do not change with machine size.




[AD] 23®j0A Y

o0~ O Vi N N = O

N =2

[ A2D)] AB12ug

0ZC 00¢ 081 091 Ovl1 01 001

) L) L] L] L |

O
[(29s-, wa)/. 01 Avsouruim’]

L
= ]

1
d

[A310ug sA a8eijoA MY ‘Ansourun-|

4 0T
] .r.-ll ] #N
= A 4 = o8O 13 1 82
%. ” | - Ansounun’ R/0°0 = ....qw iy
H i ¥ 1 i i 4 HM
MIND0T = Jamod "pes "Youks ‘unjg §7=20UaJdJuundin)




Parameter Radius dependence
Maximum Energy E P
Equilibrium emittance ¢, ~ 5/ R? i
Bunch intensity Ny, ~ Eyves p2
Maximum number of bunches MF** ~ p/( freNsY') P
RF voltage Var ~ v'/p P~y
Relative energy spread og/E ~ v/,/p ' Baie
Synchrotron frequency v, ~ \/fm% P
Bunch length o, ~ 1/w,(og/E) pif?
Critical energy E. ~ % const.
Damping time 7, ~ E*/p const.
Maximum beam-beam parameter £ ~ 7,04 const.
Bremmstrahlung lifetime 72 ~ 1/( freeY) PP

Table 3: s:nm;ufummmmmm“up.mﬂmm
power are kept fixed.

Scaling with Radius

¢ Due to the strong dependence of the emittance on the focusing in the arcs, the
emittance actually decreases with machine radius even though the energy has
increased.

e The bunch intensity also decreases with increasing radii and faster than the emit-
tance in order to keep the beam-beam tune shift constant.

* The number of bunches must be increased to avail of the maximum RF power
when the machine radius is increased. There is an upper bound to the number
of bunches set for example by the minimum bunch spacing.

* Vzr and maximum energy both increase with the cube root of the machine ra-
dius.

e The relative energy spread decreases very slowly as the machine size increases.

® The critical energy does not change as the machine size is increased.

* The damping time measured in turns and therefore the damping decrement A4
and maximum beam-beam parameter £, also do not change with machine size.




Low Energy Operation
. At “low energies”, the ring is
¢ not limited by available power
o only constrained by the beam-beam tune shift
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In this regime,
Luminosity increases with the emittance £ o ¢,
Thas requires filling the aperture at these energies.
. Sufficient physical aperture
Aperture = 10 « o7 + (D;42)]'? + lem(c.0.d) (1)

The bunch intensity is low in order to limit the beam-beam tune shift. Number of
bunches have 1o be increased to increase the luminosity.

What is the minimum bunch spacing at these intensities?

Assume (without justification) a minimum spacing of Sm.




Low Energy Design Strategy

Increase the emittance by lowering the phase advance per cell ue
¢ The emittance

Lc s
e Find the smallest phase advance so that
10 = [o? + (D™=4,)%'? + lem < Aperture
e Find the bunch intensity from the beam-beam tune shift
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Check that N, < ,'l.,.f MCl

¢ Find the number of bunches Mg from the minimum bunch spacing

C
J"fﬂ I3 = =
f = Sﬂ

e Luminosity

ul ”3; /2,2
e _E fﬂfm [ 3;} E
¢ Alternative strategy of increasing the emittance

Double the cell length by turning off half the quadrupoles
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Z factory Design Strategy

Motivation

* Polarization is essential.
Conflicting requirements for high polarization:
Small circumference — short polarization time
Large circumference — small energy spread, low depolarization

¢ Higher injection energy increases TMCI threshold intensity.
e Physics is possible with the injector while the VLLC is under construction.

Design Features

¢ An alternative proposal developed at Snowmass for the VLHC features an in-
jector that just fits on the Fermilab site (C = 15 km) and operates in the range
from 1 - 5 TeV.

e The Z factory could be housed in the same tunnel. This achieves a near balance
between the two demands on polarization.

¢ Same bunch intensity as in the high energy ring (200 GeV).
e Optimal coupling: €, /€, = 5/5;.

e Damping wigglers could be used only if necessary to shorten the polarization
time. However they also increase the energy spread.




Z Factory Parameters (1)

Basic Parameters

Circumference [km] 15.
Energy [GeV] 46.00
Number of bunches 74
- Bunch spacing [m] 203.0
Dipole field [Gauss) 1023
' Bend radius [m) 1500.
' Particles per bunch 4.85 x10"
j Bunch current [mA] 1.553
- Emittances [nano-m) 53.705, 0.537
| Synch. radiation power{both beams) [MW)] 60.8
Interaction Region Parameters
' Luminosity [cm s~ 1] 4 x 10
8:. 3; [em] 100.0, 1.00
oz, 0y [microns) 231.74, 2.31
Bunch frequency [Mhz] 1.48
Bunch length [mm] 12.23
Number of Interaction Points ]
Bremmstrahlung lifetime [hrs) | 599
Beam-beam parameter - 0.045




Z Factory Parameters (2)

Arc Parameters

Phase advance per cell [degrees) 90.00
Number of cells 162
Length of cell [m] 67.52
Length of all dipoles in cell [m] 57.86
Bend angle in half-cell [mrad] 19.293
Quad gradient [T/m] 20.000
| Quadrupole length [m] 0.321
:E:ll gmas  gmen (m) 115.264, 19.776
| Cell: o™=, ™" [mm] 2.488, 0.249
Cell: o™, o™ [mm] 0.249, 0.103
' Max. and min disp. [m) 1.763, 0.842
- Vacuum chamber half height [cm] 4

RF and Synchrotron Radiation Parameters

' Harmonic number

' RF Voltage [MV]

Energy loss per turn [GeV)
Damping time [turns)
Relative energy spread
Synchrotron tune

Critical energy [keV]
Number of photons/m/sec

20014
408
0.265
173

1.02x i
0.1084
123.39

0.45x10'®

Linear Power load (single beam) [kW/m)] 2.76

¢ Polanization time = 27 [min]
¢ Dipole field close to LEP dipole field




" Circumference [km)] 15.00
& Energy [GeV] 46.00
Luminosity 516x10%
Synch. radiation power(both beams) [MW] 60.8
Number of [Ps 1
8:. 6 lcm) 100.000, 1.000
a3, o] [um] 231.744, 2317
Number of bunches 74
Bunch spacing [km] 0.203
Bunch frequency [Mhz] 1.48
Particles per bunch 4851 =10*
Bunch current [mA] 1.553
Emimnances [nano-m] 53.705, 0.537
Single beam current [mA] 114.94
Arc radius [m) 1750.
Bend radivs [m) 1500
Number of cells 162
Phase advance per cell [deg] 90.0
Length of cell [m) 67.52
Dipole field [T) 0.1023
| Quad gradient [T/m] 2000
Quadrupole length [m] 0.321
.' Cell: o7, 0™ [mm] 2488, 0.249
Max apertures required [cm) | 4067, 1.249
Max and min disp. [m) | 1.763,0842 |
Momentum compaction 0.546x10*
Harmonic number 200014
Energy loss per tumn [Ge V] 0.265
i Damping time [tumns] 173
RF Voltage [GV] 0.408
| Relative energy spread 0.102x10~?
~ Synchrotron tune 0.1084
' Bunch length [mm] 12.231]
Longitudinal emittance [eV-sec] 0.006
Bremm lifetime [hrs) 599
Polarization time [hrs] .45
Critical energy [keV] 123.39
Number of photons/m/sec 0.453 x 10
. Linear Power load (single beam) [k'W/m| 2.76

Table 2: Parameters of a 46 GeV ning that would fit on the site of Fermilab and serve both as an injector
to the VLLC and also as a collider at the Z pole.
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Pros and Cons of this ¢ ¢~ collider

‘ This collider only makes sense in the context of 28 VLHC., It is not a competitor to
a linear collider by itself.

Pros:

« Very low beamstrahlung. good energy resolution (0.1 % ). Better determi-
nation of the line shape of the top quark.

s A giga-Z program with polarization is possible with an injector at 45 GeV.

« Will allow a staged program in physics with the Z lfactory while the VLHC
is under construction.

o Conservative extrapolation of LEP technology so should work. No major
R& D is required.

Cons:

. * Lower energy and perhaps lower luminosity than a linear collider.
« Polarization may not be feasible at the high energies.
« It may delay the start of the VLHC program.

It is not inexpensive but it is a fraction of the cost of a linear collider.



R & D Topics

e What is the lower limit on 577
» Whal is a reasonable upper limit on the beam-beam parameter at 185 GeV'?

e Is there a way to coalesce electron bunches at high energy to finesse the TMCI
current limit at injection and therefore allow a smaller beam pipe aperture?

¢ Can feedback systems be used to combat the TMCI instability at injection?

* How can polarization at high energies be optimized? Using asymmetric Siberian
snakes?

e Are two rings essential in the 45 GeV Z factory?

e Are wigglers essential for polarization in the Z factory?

* What is the optimum method for pumping the long vacuum chamber sections?
* How can the low field magnets be optimized (alloys, lamination shapes etc.)?
¢ How do we shield the beam adequately from the environment?

* How can we eliminate the Q-slope in superconducting RF cavities using sput-
tered niobium on copper?

e How much cost and power minimization is possible in the complete design?
What 1s the cost of the final system?




