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* Physics below t-charm energy is worth
before and during LHC and LC era

 Costs and investments fits national
laboratory size and possibilities

* Accelerator physics issues equally or
more interesting than at higher
energies: benchmark for future facilities
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Single ring — few bunches

Double ring — multibunches
high currents

Round beam
Strong rf focusing

Strong radiation damping
Negaftive momentum compaction

CESR c

DADONE
BEPC-/]

VEPP 2000

DADNE-II
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CESR-c

Ener'gy reach 1.5"666V/b€0m 1430601002
(768m circumference)

Electrostatically separated e+e-
orbits accomodate
counterrotating trains

—— Electrons

. . Positrons
First use of SC rf in a storage Horizontal Separators

ring (1982) Electron Injection Point

Positron Injection Point
First use of permanent magnet
quads in micro-beta IR

First successful use of many
bunches, bunch trains, and
crossing angle in e+e- storage
ring




CESR luminosity in 20 years
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CESR-c Energy dependence

Beam-beam effect
* In collision, beam-beam tune shift parameter ~ I, /E
* Long range beam-beam interaction at 89 parasitic
crossings ~ I, /E (for fixed emittance)
(and this is the current limit at 5.3GeV)

Single beam collective effects, instabilities
* Impedance is independent of energy
» Effect of impedance ~I/E

Rubin, September 03, Alghero



CESR-c Energy dependence

Radiation damping
In CESR at 5.3 GeV, an electron radiates ~1MeV/turn
~> 1t ~ 5300 turns (or about 25ms)

SR Power ~ E2B2= E*/p? at fixed bending radius
1/t ~P/E ~ E3
so at 1.9GeV, t ~ 500ms

Longer damping time
Reduced beam-beam limit
Less tolerance to long range beam-beam effects
Multibunch effects, etc.
Lower injection rate

Rubin, September 03, Alghero



2003 - 12 wigglers installed for
Run @ 3 GeV

CESR-c will run until 2008 at
three energies between 3.1 and
4.1 GeV

CES

R-c

. Table 1: Parameters with and without wigelers (1.9 GeV)

Parameter No Wigelers | 18m 2.1 1 wigglers
£ A0 220 nm-rad
Damping time 570 55 ms

. T 3 )
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Table 2: CESR-c Parameters

Eo [GeV ] 155 | 1.88 [ 25 | 53
E:['&‘aﬁ.';:;‘é‘_;ﬁ.l] 150 300 3500 1250
iy, [mAbunch] 28 4.0 5.1 82
[pearn [MAbeam] | 30 [ 80 230 360
E, 0.035 .04 (.04 (6
> 0028  0.03 003 028
og/Eq [x107] 0.75 0.8 (.79 (.67
Tey [Ms] i) 55 52 22
[ By [Tesla] 2.1 21 1.75 0
B, [cm] 10 10 0 18
&, [nm-rad] 230 220 215 205




Simulation

-Machine model includes:
-Wiggler nonlinearities
-Beam beam interactions

(parasitic and at IP)
-Synchrotron motion
-Radiation excitation and

damping

-Weak beam
-200 particles
- initial distribution is gaussian
in X,y,z
- track ~ 10000 turns

vertical tune
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Rubin, September 03, Alghero



Beam based characterization: Nov 2002,
one wiggler optics, wiggler#1 (7p)

3) ZD tune scar: vorntiral hoam vsnreiie +11ins sunliintian with u:iqglerﬁ f|e|d
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Oct. 14 2002, Optics: 1843MeV_IWIG_R3_OT, fs = 25kHz bt
Observed resonances 2

Wiggler OFF: -fh+fv = O, -fh+fh-fs=0, fh+2fv + fs = 2f0, Pmax = 3

260

Wiggler ON: -3fh+fv= -f0, fh+fv-3fs=f0, 3fv=2f0,
fh+2fv+2fs=2f0, 4fh+fv=3f0, 2fh+fv+2fs=2f0, 2fh-2fs=fOand -  *|
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Tune plane appearance: beam-beam
interaction

Vertical beam size from Particle loss rate from
luminosity (r.u.) positron beam
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CESR ¢ will run until 2008
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DAONE

Double ring

Multibunch

Flat beams
Two IRs

Damping wigglers



Interaction Regions

Tunable crossing angle

‘C’correctors

L,=10m Splitters

Quadrupoles
e+ e-

In operation: 10-20 mrad



FINUDA

Straw
| ubes

Vertex

_ Detectors
Mechanical

Support
(Clessidra)




Solenoid compensation

| BL=2.4Tm = 40°

compensator compensator

[BL=-1.2Tm

[BL=-1.2Tm

Quads tilted by % Bds + 06



Detuned Lattice, Coupling Correction
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DAFNE Peak Luminosity
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Next 2 - 3 years at DA®NE

« KLOE ~ 2 ftb"
« SIDDHARTA ~ 0.5 ftb™"
« FINUDA ~ 0.5 ftb™"
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BEPCII: a high luminosity double-ring
collider
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t-charm factories

Collider CESRc|2 ] BEPC II [3]
status operating in construction
E (GeV) 1.88 1.89

C (m) 768 237.5

L (1032 cm2s!) 3 10
rings 1 2

IPs 1 1

B* (m) (h/v) 0.7/0.011 1/.015
e (urad) (h/v) 0.22 0.17 /0.002
0 (mrad) +2.8 + 11

¢ (rad) 0.07 0.4

c, (cm) 1.0 1.5

N, (1019) 6.4 4.8
E(h/v) 0.03/0.03 0.04/0.04
N bunches 45 93
1(A) 18 0.91

for (MHz) 500.0 499.8
V(MYV) 10 1.5




BEPCIl Schedule

2002 2003 | 2004 2005 2006 2007 2008 2009
‘910203 /od 0102 |03 /0a 010203 04 01 Q2 03 4 Q1 92 93 04 01 52 43 04/01 9 030401 02 03

BEPCTI Project Schedule

03-3-17 # Submit Fegsibility Study Report
! 03.9.15 ¥ Sujnit Prelimivry Design Report
| D5-10-15 4 Construction Appraval
¢ E-10-154% Start Constraction

02-10-1
Fahhieating

i W Installation and (Cormnis sioning |
O4-5-1 Limac Instalbation and BESII Removal ; i
04-10-1 B Linace Comeais sioning
04-11-11 [ § BEP'C Operation for Dedicated 51
NE-1-1 B R prn-.ﬁ"gﬂmm‘!
Pe—— Ring Installation
05-4-1 §oOld Ring Femoval
=21 B2 Infrastroctore Upgrade
05-7-1 EE=H Installation
05-10-1 EEEE Puwrvey and Aligonent
ki Euhsymms Tuming
Hing Cummixs:lurd.ug withowmt Detectur
EH Aszemble BESILI Retacl:ucr
Eh hlove Detorctor Intn 1K
34 Ring Emmnis:ilming with DEte:mr
f Test ﬂ'pmliun
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|View of the VEPP-2000 collider I

Experimental testing of RCB
should verify predictions on
extremely high attainable space
charge parameters for the round
beams.
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DAFNE2 (2 GeV, Frascati)
Feasibility study

“Easier” luminosity than at ©
Naturally increase radiation damping and lifetime

b-b tune shifts / 2
shorter bunch length (I, *10) -> lower (3,
roughly same L with I/2 and N, = 3/5

hardware: dipoles, splitters, 20% of quads, IR
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Dipole Section

1010 Steel ~__

Permendur _




Light Quark Factories

Collider VEPP2000 DAFNE 2
status in construction design study
E (GeV) 1. 1.

C (m) 24 97

L (1032 cm2s71) 1 1

IPs 2 1

B* (m) (h/v) 0.1/0.1 1.5/0.025
e(urad) (h/v) 0.136 / 0.136 0.5/0.0025
0 (mrad) 0 + 15

¢ (rad) 0 0.26

c, (cm) 3 1.1

N, (10%) 10 3
E(h/v) 0.1/0.1 0.014 / 0.024
N bunches 1 30
L(A) 0.20 0.45

frr (MHZ) 172 368.3

V. (MV) 0.12 0.25
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Energy (Gev)

Circumference (m)

Ring radius (m)

[nterbunch distance (m)

Straight section lenght (m)

Beam radius at [P (g m)

Mumber of rings

Mumber of bunches per beam
Mumber of particle per bunch
b-function at 1P {cm)

Beams emittance ( ¢ = &) (cm/rad)
BMS bunch length (cm)
Compaction factor
Betatron tune 2,

Betatron tune g4,

Vertical damping time (s)
RF voltage (kV)

RF frequency (MHz)
Energy loss per turn (keV)
Energy spread

Harmonic Number

Tune shift parameter £, =&,

Desizgn Luminosity (em2s 1)

773.036
R9.63
=14
[ (0
33

p)

05
2 = 104
[
Ly
0.5
0,001 =0,0017
20077
31077
0.11
| D0
00
[ (b
ax 107
| %05
0.1

10

C-T FACTORY




cm

GeV

logged
JL

New physics Operating

at| L In construction

CESRc
BEPC - Il

> 100 fb"

500 pb-* VEPP 2000

> 100 fb-" DADNE

Design

studies

VEPP 5

DAFNE2

DAONE-II




Main guidelines for the design
L ~10 3 at ® energy

Double ring
Multibunch operation
Flat beam

_|_

* Powerful damping
* Negative momentum compaction
* Very short bunch at IP



HIGH and NEGATIVE
MOMENTUM
COMPACTION

strong RADIATION emission
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Strong RF Focusing (SRFF)

Modulation of bunch length
along the ring with a minimum at the IP

== Bunch Length

0 20 40 60 80 100 120



High rf voltage
+

Magnetic lattice which correlates longitudinal position
with energy deviation (high momentum compaction)

Longitudinal phase space
From RF to IP n P

Energy
spread

N‘% RF input
N
) €@ Rr cnter
'/V‘
A'A RF output

Bunch length
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Layout similar to present DA®ONE rings:

One IR
Second cressing for injection, rf, diagnostics

Short arc andlong outer arc with the condition

of equal longitudinal phase advance between cavity
and IP in both directions

Rss(rf — IP) = Rs(IP — 1f)




| DAONE 11 Layout
in the DAcDNE hall
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Light Quark Factories

Collider DAO®NE II
status design study
E (GeV) 0.51

C (m) 100

L (1032 cm2s1) 100

IPs 1

p* (m) (h/v) 0.5/0.0025
e (urad) (h/v) 0.2/0.0025
0 (mrad) + 15

o, (cm) 1.4-0.2
Qs 0.4

ac - 0.16

N bunches 150
I(A) 3

frr (MHz) 500
V(MYV) 10




2004 - 6
Experiment of SRFF @ DAFNE
a.=01
V=10MV

SC 1. GHZ cavity

6mm

10m
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