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Super-bunch Hadron Collider

Luminosity, Incoherent tune shift, Parasitic beam-beam effects
Hybrid crossing/Inclined crossing, PACMAN effects, others
£&8



1 HFx. BE EE
B SEOWEDERICES A N—T
1986-1995 EFFEFENESRZRANVTIA 7 AFEBREF L - —(FEL)YORRICTES
FEHRE : HRAODOA A FrvRINHAF x-band FELZEIRT S (BHT100MW, &1 >»26dB/m).
R OPre-bunched x-band FEL #2193 (HA150MW, &4 > 76dB/m).

1996-2000 K2KRE (KEKER—N—AZF A TEELIRER -1 — VY /IEERE)
IZEIFT12GeV PSE—ABEOBEEIOSSAICRVEAL, EBESS

EBMR  E—ABREOME (4x10'2ppp-> 8x10'2ppp) & M. II%DHEIE THed) & He

1999- SN w0 MO ORBARET S,
PELLTNA ADRADEEMIESOXEZZTERIA. BRA—H— L HER TP,
2001- A—NR—NAFNAEFOYASA Y —(SHC) O #IRET S, FOBRBMPIESHTH,

2001.6 *E Snowmass 20015 T SHC (IVIHC OFHITA T a & L TEMEND,
2002.6 A—OwNNERSETCERN BEMLHC D7 w74 L — FEELTO SHCOBFEHRE
2002.10 KEK T TFEMFEROERE] CHELTERY -5 23w 7E2RHfE

BE : S22, 3EAICHELRTNAZAEEL, RETSHFUAITHE-T. KEK-12GeV [BF:-
OARAST A== TFINEERIAABETOEHRICTODICRAEER TS,

BE  HTNESZOEEBREZARRICEASFELGL, SETORF 20RO TIRHEERENICERD
FAETH o LA RDERMMBERICE - AZFHIAL, ETLHOTE-AMEEXIEICIEET 55
Me], COFEME/FALCAHARBETORENEDINESFPS0FEFE > TI > RFINEAR
[CiE = b S aTHETE,

IO KEK12GeV-PS, Mi&stE3IGeV/50GeVY 4O - TILFAH T v FNESIC
BML, CERN, FNALBRTEINEZZBF TOE — A > Higgs BITRER O K ELeeE
R /RE NFOXO5A44— (LHC, VLHC) DILE /74 —OXKIEHEEK > 20508 E 15T



PARTICLE ACCELERATORS |

Induction acceleration
looks to the future

It was a milestone event in the history of induction accelerators when mare than
b5 experts assembled at KEK in October 2002 for an intemational workshop
on Recent Progress in Induction Acceleratars — RPIA2002.
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The participands of the Rocand Fragrass i Inductian Accalerators Workshop, wivall was haid af KEK on 20-31 Cuteber 2002,

Thery came from 15 ditfarent instibutes and hees pivata companies.
Thesir e o disaegs recenl pogress ininduction acoalermators
ardl the kay technalogies that am oo fo the dithenenl commu-
nities of heavy-ion inerial fusion and hiph-enepy acceleiatans, The
wrkshop ocused on four tapics:

& 0 resdizw ol cevelopmuents in nduclion aceeleration since the first
demnnstration by Mcwalas Chrstaliks, appdicsons, aod up-toada:
activilies in enargy reseanch and high-energy physics.

& Nuw conceps and ideas usng induction acceleration.

& oy technolopkes, such as magretic matesaks ard solids e med-
ulatars, which & indizpensabla for the realization of high-pradient
acucdematng! lelds and lowboss, high mpe-ate opamtion

& Pean dynaming specilic 10 exiremely Mgh-intensily beam linacs,
drculas induchan acodleriors and hadon collicers amplagdng a
so-callad super-bunch.

I b welcome address, Himlsha Sugawara, drackorgenanal of
AER, atieszed the invpananes o ineestment in accelerator B&D
whan he talkad of the recent aclivilies of ICFA &2 wall as he satis
ol crgning and future projects at KEK.

CEHN Courier

The revievw of the hissory of Induetion aecalecsio cnped from the
late 1960 with tha fist machine, ASTRON, 1o the recent Advanasd
Tust Aceebzmtor and Experimentsl Test Aocalemtor at the Lanrence
Livemire Bativeal Laboralory (LLRNLY, & larpe vanety of app@cations
wone also reviewed, Tom ey applaatinng i elecion ing acador-
aticn and highspoasar micromave peneration. Mo recently, alection
inducman liraes hawe successiully damaonstrated their capability as
high-infemsny electran beam deboers for Iree-clecton lasars Gat LML
HEE, tha lapan fAtamic Enerpy Rasearch Inatinte IWE R and GESTA
n Franee), a5 a relolivisSe klystron at LLNMLALEML and as a back-
weardl wiave psllator at JATRI

Thez iral Matonal Lebambory (VHL] i the 15 has recenitly fonosed
o R&D work for & heapion ineial fusion diver, using 4 GaV bis
ety bigams, with a 2 k4 beam and a 10ns pulse length. The work-
alap heard abant thee U5 Hesay lon Fusion Acceleralor Prql!mn|_
which is concenfrating on thies ameas; source/injector develapment,
low erergy tarepor, and reudralization in ballstie fomsing, The poals
anud kiy Bsues of an ntegratsd Beam Experimern, whichis planned
1o '||‘.'|11‘|l 1k conoepl, wene atsa dissugsad, & complementany simuls-
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lon-Channel Guided X-band FEL

Magnetron (100KW)
Laser Window

¥-band BF Window

Input RF-Coupler

7
Laser Beam
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Cutput Hom
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Principle of lon-Channel Guiding

UV laser

Meutral Molecule Column

e

Space-Charge Forces

Plasma Channel

(Irradiation)

lon-Channel

(Blow-off of plasma electrons)

Chamber wall
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Experiment(800keV)
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Beam-Break Up Instability & Landau Damping
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Characteristics & Parameters

e Distingushed from other 1MeV-class p-FELs:

- lon channel guiding(ICG) from e-Gun through wiggler.
- Eddy-current assisted planar wiggler.
- Efficient Over-sized input and output couplers.

Wigagler Period[cm] 16
Length[m] 2.4
E-Beam Energy[MeV] 1[4

Current(In/Out)[A] 650/450
Acceptance[cm rad] 0.06-0.04

Microwave Frequency[GHz] 9.4
Waveguide(axb)[ecm] 11x5.5
Seed power[kW] 77
Mode TEO1

lon-Channel lon density[10'°cm™] 2.0
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Wiggler

® Pulse excited planar wiggler: e S msec
- Air-core planar wiggler magnet (4,=16cm and 15 periods)

independently energized with a pulse power-supply.
® Eddy-current assisted field-uniformity:
- ABw/Bw=1.5% at the RW's horizontal edge.
- provided with thick copper bars inserted in both sides of the wiggler gap
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Resonant Structure in Signal

¢ Resonant structure/Resonant beam energy:

Two resonant portions merge at the central position in beam votage pulse
beyond Bw=1.2kG which gives the resonance for 1.5MeV beams.

P ' B e T Resonant -Enerw
= : )
m 10 .
£ : _ . Signal 2
© -20f  Amp. Signal | B W0 93kG ws(1 + Qu)
[ [ at Bw=1.21kG | : X.= .
T aofd : v || 2C (Rw-Sks)
T ; ]
& :
tn : ; :

s ‘Beam Voltag® ]

-60 :_._... liihe B PRI [T T S 1y ]

S20 0 20 a0 60 80 100

Pulse Timing({nsec)



Oversized RF Components

® Seed Power Source: pulsed magnetron(EEV Model M5188) of 91kW.

® Input/Output Coupler: |
- Miter-bends to minimize reflection and mode-conversion, with a
passing a small aperture for electron beam/laser beam.
® Horn Antenna/Receiver:
- The transmitted p-wave is emitted into the anechoic room.

- Its fraction is received with the basic-size open-RW.

- The radiation signal is attenuated down to the milliwatt level
and monitored by a crystal diode.

- Jdcm =i
‘“‘x“‘x‘*x"x \H\q}“&“&‘x&i&&“& e
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Evolution

® Evolution curve obtained by simply turning on the
wiggler unit in order.
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Hormallzed Wiggler Length{L/Iw)

- The evolution curve of TEO1(dominant) adjusted by
the phase interference method. 21dB/m.

- A small fraction of the received power originate
from TEO3 mode converted in the output coupler
including the RF-window.

- TE21 mode possibly evolving through the int.
region rarely contributed to the received fraction,



Frequency Spectrum

® Measurement by a low-Q transmission-type

frequency counter(Q=120):
- Filling time of the counter cavity, 2Q/w, is

about 4 nsec(< pulse duration of 10-15nsec).

Power{dB)

-E -IIII a1 1 11 B

.2 9.25 9.3 8.35 .4 9.45 9.5
Frequency{GHz)

Signal: seed Af/f=0.1% Meas.: S.A.

seed 0.6% F.C.
Amp. 0.9% F.C.

® Another notable result:

- Down-shift in the frequecy spectrum for
detuned amplified power(By=0.93kG), - 60MHz.
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Linac Tank {ft)

#R& My for 3GeV
Energy Splitter (f1/2) @ JKJ
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Dual Harmonic Bucket & Barrier Bucket

Daul Harmonic Bucket (h=1, 2)

Barrier Bucket

-V, 4SSy
V(r)= v;:,{sin(md:)-asin(zm .1”'9}} V=10 sesy,
550 V, 4Stst,

T2



Barrier Trap
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3GeV-Booster@JHF

N=8x10"13
injection=330usec
h=1

C0=313.5m

yt=8.117

b/a=1.8

V=200kV
Einj=400eV

4 1 L | i |

just start of injection

t=327usec
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Stacking/Acceleration by a Barrier Bucket
in the 3GeV Booster -
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Multi-bunch Stacking

Barrier bucket Voltage V(t)

l |

No.1-7 No. 8

No.1-12

1.2 micro-sec

|

I
I
|
e
1

Key point: Many bunches can be stacked without increasing a local density.

ct



Combining of two bunches

N=100 turns
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Staged Scenario of the POP Experiment

Step 1 Acceleration: Induction (500MeV -> 12GeV) Step 3 Acceleration: Induction
Confinement: RF (500MeV ->12GeV)
Accelerating Vollage  Reset Voliags sy otacking/confinement: Induction

1Y / — 10KV i
- 1
| i e 0k
:-: 250nsec -E: 250nsec ; '
_ t
Step 2 Super-bunch generation exercise at 500MeV H ‘

A

S00nsac

T;é-n;: 1;:I}nis1e-:: Cost: 4.5M US% or

500M Japanese Yen

l diffusion in the phase space (24 BRI B R nominated)
w1
s ‘ | Time duration: 2003 -> 2007
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Proton Beam for MINOS Experiment

RF - bunch scheme

(1) Booster (400MeV — 8GeV)
h=84

1234567 8 0

(2) Main Injector [Bj:'ieﬁ — 120GeaV)

I h=588

| -
| -
Jasaaaazsaiy L P

My=6x10""'bunch
Mpr=82xNs,=5x10"'*/batch

': N Iif-.'":E b N BE

=310 ¥ eyele

G

L 3

E

1cycle = 1.9 se¢

.
t

Superbunch scheme

(1) Booster (Co=474.2m,15Hz)
{Nsb:lﬂq=1 Dlz

Acoel Mal Superbunch
e Yol = Vag= 400 kY
Injection Jr_-_||1 ||I_ w1 | =6B32kHz
(aoomev) | @l\ /
pETT
Ater accaleration L =
(GaV) —%ﬁ » t
e
¢ =15 usec
(2} Main Injector (Co=3.32km, Tp=11 usec) (M), =125 Mg
v 2 3 4 5 6 7 _8 _9 10 11 12 =1.2x10™
Injection u || || || || || || || || || || || - t
{AGeV) v
oL m— i — — -— -— Vag =750 kV
~0 5 ssn I =545 kHz
/6 usos Acceal Vol
Cambining
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1 seC
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Proton Beam Formation in the Collider Operation Mode

Booster

RF-bunch
scheme

Super-bunch
scheme

. Chopped Beam Injection
+ ozl Harmome Bucker Accelerinon
Chopped Beam Injection
+ [ual Harmome Bucket Trep
# Induction Acceleration
Chopped Beam Injection
i Ahort-pulse Inducton Bamer Bucket Trap
& Inducnon Acceleration

Main Injector

h=588(53MHz)

at 150GeV,

Tevatron

h=1113(53MHz)

Road map

3 | 04 5 o |1 7 ‘s heyond
PO experinpent >
KEK L LHC upzrade
T Emthl Jdrd Bl VLEC
Installftest in
Assdmble
FNAL ﬂﬁ." Main

njecton 2 ,
M I VLHC
Tevatron Bun




What is a SHC?

RF-bunch Hadron Collider Super-bunch Hadron Collider

Proton ¥ Proton Proton Proton

(Conventional Type) (Novel Type)

K. Takayama, J.Kishiro, M.Sakuoda, Y.Shimosaki, M.Wake
Phys. Rev. Lert. 88, 144801 (2002).



Milestone toward Super-bunch Hadron Colliders

Date Authors or Institute |Pub. or Presentation |Remarks
Early 70°'s |CERN Demonstration of the first
e continuous p-p beam collider (ISR)
1973 E.Keil Nucl. Inst. Meth. 113,|Luminosity, beam-beam tune-shift
333 (1973) calculation for coasting beam
e i R collision
1983, March |J.Griffin et al. PAC1983 Proposal of RF barrier bucket
1999, July K.Takayama and vFACT 99 Concept of Induction Synchrotron
J.Kishiro Nucl. Inst. Meth. 451,
304 (2000)
2001, March K.Takayama et al. KEK Preprint 2000- |First proposal of SHC concept
147 (2001)
2001, June R.Yamada, Super- PAC2001 Proposal of VLHC schemes with
-July  |bunch sub working- |Snowmass 2001 Super-bunch option
group Beam physics _
2002, April |K.Takayama, Phys.Rev. Lelis 88, (Concept and Beam physics of SHC
J.Kishiro, M.Sakuda, |144801 (2002) (Luminosity, tune-spread, inclined
Y.Shimosaki, and crossing)
K.Wake
2002, June |F.Zimmermann EPAC2002, in Proc., |e-p Instability in Super-bunch
25 (2002) option
2002, F.Ruggiero,R.Garoby, LHC Project Report |Feasibility study of Super-bunch
October F.Zimmermann et al. option in LHC upgrade
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RF bunch & Suj

iTI |'IE| Lr‘.r"' r h
el LS 2=

(1) Present higher harmonic RF bunch
A AP/P

RS AACOS SO/ OO S

(2) Low harmonic RF Super-bunch
AP/P

(3) Super-bunch in an RF barrier bucket
Tﬂ.F’J’F'

(4) Super-bunch in a Step-barrier bucket
TﬂPfP

¥




Super-bunch

Type of Super-bunch

Low harmonic RF
bunch

Barrier bucket bunch

RF barrier

Step barrier

low harmonic cavity
and low freq. power

low Q cavity and
multiple RFs or

induction cavity

source amplified pulse
voltage
Advantage ® well developed already @ easy bunch
technology demonstrated formation by only
® small RF voltage easy bunch controlling a trigger
V2 formation timing

bucket height = ll
fi J

Disadvantage

@ |imited available
space in the phase
space

® highest line density
at the bunch center

® slow synch. osci.

may need minor
changes for bunch
formation in the
upstream

® merging process?

no acceleration
slow synch. osci,

good exercise for
Step barrier beam
handling

uniform line density |
not demonstarated
yet

slow synch. osci.

needs modification
for bunch-formation
in the upstream
accelerators




Limit or Overview of Conventional Hadron Colliders

Luminosity
L= kNt
4re,p
k;,: number of bunches
Np,: number of protons / bunch
frev: revolution frequency
£,: normalized emittance
B’: betafunction at the IP
F: reduction factor with crossing @

Beam physics limit
Space-charge limit in upstream
accelerators:

Av < N, [€, <025

Beam-beam limit:

E= i—"';"l < 0.004/ IP (empirical)

Cryogenetic limit
Synchrotron radiation limit:

P, ek N <afew watts/m

Time resolution requirement from a
detector

Bunch spacing limit: dz5m

Beam occupation ratio

K= _____;_Q_-ZNC';'-‘? (o, rms bunch size)
= 2% for LHC, 1-3% for VLHC



Big Questions and recent activity on the SHC

® What is the luminosity of the SHC?

® What happens in the collision between super-bunches?
® What collision scheme is desired?

® What machine parameters are assumed?

® Various obstacles can be overcome or not?

® Are there further advantageous features with super-bunches?

- Preliminary resulis for case study at KEK and FNAL have been
published in Phy. Rev. Lett. 88, 144801 (2002) and presented at
Snowmass 2001 and at PAC2001.

- CERN has started their feasibility study as an upgrade plan of
LHC since the last spring, where a low harmonic RF super-
bunch is assumed. Big merits in introducing a super-bunch has
been discussed at EPAC2002.

- Issues that require further studies have been discussed at
RPIA2002, KEK.



Luminosity in the SHC

Lopic(®,0) = 4 ¥20) Fsnc (@0, )

(kyo,) O (@)
where k., k;,: number of superbunches, RF bunches per beam
o, superbunch length (full)
o, =270, (0,: rms RF bunch length)
D, @ : collision angle for SHC and CHC

2¢: size of detector region
form factor:

Fepc(®@)=1/{1+(® 0, /20" )

251
Pl — .
Fenc @)= ! 2B, [1+(s/ )| )
SHC\¥* 0 [I-I'{.i'."'ﬁ*]z]
LHC-size SHC (2¢=5m)
X10734
an
a5
ao
25
20
15
10
5
0 100 200 oo 400

¢(nrad)



Beam-beam tune shift in the SHC scheme

@® Beam-beam tune-shift can be analytically evaluated by
manipulating the 0-th harmonics of the Fourier components
in the beam-beam perturbation term.

@ The tune-shift normalized by the tune-shift £ in the head-on
collision of the CHC scheme is given in the form,

{ﬁv‘}im = E"B;E-- i I'!"”'l-'"ll{ﬁ.}: IV]_—E.':{]J = s el
2 SR B S R )

(1)

{ﬂp}'}d-_. 87 . ybis? {"j"""'.}'::m

5 — -

(2]
where crossing in the vertical direction is assumed and 2f, is a size of the

interaction region, 2I{(2[. . {{C .

@ In the limit of ®=0, 2/, =0,/2, Egs. (1), (2) become
unity.

The numerical valuas for both directions are shown as functions of the crossing
angle @ below.

Black: horizontal, dash: vertical, green: sum

20 = -
15 : \ \\.ﬁ\i/j;
10
e
u |
-5
Ay
I | I o/
-15 :; "
~ z
0~ 100 200, 300 400
1

®{urad)






A V-crossing

Vertical Direction




Inclined Crossing & Beam-beam Tune Spread

For a case of LHC

(R

0.3 =

0,00

(1.2 | |
0265 027 {128 029

Black: Hybrid crossing
(Vertical cross at North IR and horizontal
cross at South 1R)
Red: Inclined hybrid crossing
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PACMAN EFFECTS

CHC

SHC

PACMARN
bunch

head-on
collisian

long-range
collisions

5

FACMAN
bunch

long-range
collisions

FACMAN Head or Tail

long-range
collisions

head-on
collision

Abnormal By By

Effect CHC SHC
Abnormal COD
Abnormal Qyx Qy yes yes

Fraction of
PACMAN
bunches/particles

15/72 for LHC

mixed in the entire superbunch

Simulation work

done

not yet




Heat Load

Cooling capacity of a vacuum chamber embedded in the super-conducting
magnet is limited. A few W/m. Heat load originated from circulating beams is

serious problem.

ltem
Synchrotrnn
radiation

remarks
N ( r
Ry m};:z{ 1)

PaT36x 107

I-\JI

LN

simply proportional to N

)

CHC

SHC

H200mW/m/ring for
LHC

significant
for high luminosity
operation

Joule-loss due to
wall current

P——f:!rfm—d

T: rﬂmlutmn time
1: wall current

r; electric conductivity

Heat power averaged over70mW/m for LHC

Relatively small
because of small |
magnitude of high |
frequency |
components in wall
current

Electron cloud

* pointed out and
esimated by
F.Zimmermann

Electrons accelerated in
beam-charge potential or
induced electric fields
proportional to the fall-off
in line density hit vacuum

chamber

Serious

because many
short bunches
place in the entire
ring

much reduced
quite few fall-off in
line density




Dipole-kicks Compensator

M Dipole kicks generated as a result of the long (50m)
interaction between counter rotating superbunches

-

X, {f} = J@ rﬂ: I{j" I"'"I’ﬂ.l: {.’I." :I B{JS[% - r'l'[{.!']' — "I"{ﬁ" H]'if‘

2sin(p/2)™

B Correction by steering magnets placed along beam line,
excitation of which must be scaled with the beam current

@

B same for vertical crossing in Hybrid Crossing Scheme and
Inclined Crossing Scheme




Synchrotron Radiation

B Radiation loss/turn of a single particle with mass of m and

energy E traversing along the circle with curvature of p

20h¢( E Y}
L=
0 3p [mcz)

where a: fine structure constant, %3-';

h: Planck constant, 6.65x1073*[J][sec]
(1eV =1.6x10"2[J]1=1.6 x 10717 [W][sec])
4
1 E
Uy =6.06x1077 —[—f) [eV]

0 p(m)\ mc
B Radiation loss/sec by a beam consisting of a total number of
protons of N
L
2nR
B Radiation loss/unit length In bending region

NUI]IL:# WIEI'-E-I;‘EP =

p=NVofrv  N_p ok,

2mp
_ N,k E Y
=7.36x1072! boh ( —) /[m
R(m)p* (m)\ me* (W)iim)
LHC VLHC
1.06x10" 1.25x10™
|§l 2835 20,000
E (TeV) 7 50
IFI {m) 4,242.9 14.16
B (M B.386 12,5
|p {m) 2,784.3 13,300
P_ (W/m/ring) 0.206 5.9




Joule Loss due to Wall-current

M Joule —heat per ring at a certain time

P(t)= [ Eeid’x V: vacuum chamber volume
¥

where | =oE

B Boudary condition and magnetic fields generated by beam
current and wall-current

L B(rn)

~ exp[-ridel(nw)]

rb a a+d r
B Heat power averaged by revolution time of ¢

ﬁ=$ fya, a*x{fT'}

- - T fﬂl:f]'
he = , . . —
where i E,lln i 2HaS(n )

I"(t)=2(IA, cos(nax), {I). averaged current

O(r—(a+8(nw))k

B Heat power loss per unit length

E - 7« P 2
C, A0 ,tz. lmﬁ{nm}ﬂ"



Collider Parameters

LHC
Unit CHC SHC

Storage energy TeV 7 7
Peak luminosity _ | cmf5" 10 1.5x10*
MNumber of interaction points 2 2
Circumference km 26.7 26.7
Revalution frequency kHz 1.2 .z
Injection energy GeaV 450 450
Transverse normalized| pmrad 3.75 3.75
emittance, rms {H&VY, flat-top)

Initial bunch intensity 1.1x10" B.77x10"
‘Mumber of bunches 2835 46
Total protons per beam 3.12x10" 4x10*
Averane beam current A 0.56 7.23
Synch. Radiation loss/beam Wim 0.216 2.8
Bunch spacing us{m) 0.025 (7.48) 1.93 (580)
Bunch length rrsdull m 0.075 f*** e 50|
Beam occupation ratio Yo 2 26
Crossing angle purad 200 400
3 m 0.5 0.5
rms beam size o M 1.58x10* 1.58x10°
Acceleration energy TeV 5.55 5.55
Acceleration period SEC 1200 1200
Acceleration voltage/turn KV 480 480
Induction cell rep-rate kHz 518
Unit induction cell length m 0.2
Unit induction cell voltage kW 2.5
Total No. of A-ICs 192
Total length for A-ICs m 36.4
Core-loss of unit cell KW 15
Total core-loss during accel, MW ~ 2.88




VLHC 1*' stage (Baseline design)

Unit CHC SHC

Storage energy TeV 20 20
Peak luminosity crmés’ 0P 1.5%10%
Mumber of interaction points 2 2
Circumference km 233.037 233.037
Revolution frequency kHz 1.286 1.286
Injection energy TeV 0.9| 0.9
Transverse normalized nmrad 1.5 1.5
emittance, rms (H&Y, flat-top)

Initial bunch intensity 2.6x10'" 5.2x10"
Mumber of bunches 37152 335
Total protons per beam 9.66x10™ 1.74x10™
Average beam current A 0.195 3.5
Synch. radiation loss/beam Wim 0.03 0.538
Bunch spacing us(my 0.013 (5.65) 2.32(695)
Bunch length rms/full m 0.03 f~~ M50
Bunch occupation ratio a 1.2 21.6
Crossing angle urad 153 400
i 1 0.3 0.3
rms beam size o m 0.46x10° 0.46x10™
Acceleration energy Tey 19.1 19,1
Acceleration period S8 1000 2000
Acceleration voltage/tum MY 14.85 7.425]
Energy compensation/turn kel 38

Induction cell rep-rate kHz 431
Unit induction cell length m 0.2
Unit induction cell voltage kv 2.5
Total Mo, of A-ICs 2970
Total length for A-ICs m 594
Caore-loss of unit cell KW 12.5
Total core-loss during accel. MW 37
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