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— Operation began October, 1979
e Design 8 GeV
e 100mA/beam in single bunch
2 Interaction regions.

— A succession of upgrades led to record
performance at 5.3 GeV E,__,,
e Mini- — micro-beta IR optics
Full energy, multi-bunch injection
Multi-bunch w/ “Pretzel” & crossing angle orbit separation
SC RF cavities
Beam diagnostic and optics design tools
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Principal Features:
e 768 m Circumference

e 1.5-6 GeV beam energy

(8 GeV design energy @
2x100 mA)

* loam > 350 MA @ 5.3 GeV
e 45 bunches each e+, e-

* Full energy, multibunch
injeCtor CHESS (CLE(Q CHESS

Storage Ring

Y/

Synchrotron

et e

Transfer Line Transfer Line

Linac
Gun Converter

b >300 mA/minute, no energy ramping,
minimal changes in storage ring conditions
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45 bunches per beam
= 89 parasitic crossings

- X

Separation with (4)
horizontal electrostatic  Flasirons
separators - B cau BT Positrons
+ 20 mm horizontal orbit ;'

Vertical Separators
Horizontal Separators

&
@

> { Electron Injection Point
& Positron Injection Point

2 vertical electrostatic *
separators avoid collision™\}
in North IR.

Electrons and positrons
collide with *~3.5 mrad
horizontal crossing angle
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Center-center spacing of beams at parasitic
crossing points in CESR is typically 2x5 G,

5 sigma beam profiles

-

g o —
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) CESR-c Today
Peak Luminosity Trends of e*e- Colliders

Peak Luminosity trends in last 30 years

ISR .
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By 2001 it was clear that the CLEO detector’s capabilities
could be better utilized for CHARM physics - especially
given a sufficient event sample.

This event sample with the energy resolution, particle ID,
and solid angle coverage of the CLEO detector would
provide an unprecedented level of precision.
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Optimize performance in the 1.5 to 2.5 GeV beam
energy range while maintaining full 5.3 GeV (SR
operation, potential Y physics) capability.

Potential liabilities in low energy operation?

 Damping time increase 22 — 500 ms (luminosity,
Injection, beam instabilities)

« Emittance reduction 220 — 30 nm-rad

 Magnet field quality Measured - OK

* SC IR magnets Newly installed — performance?
e Electrostatic Separators Field errors will scale

* Injector Emittance 0.12 - 0.6x10° m-rad

Parasitic Crossings (up t0 89!)  Scale with E? Tyyy,?

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 10
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Radiation driven parameters (damping
time, emittance) can be controlled:

Parameters: 5.3 1.88 1.88
GeV GeV_ I GeV wlwigglers:
e Horiz. emittance 230 30 /120-220 nm-rad
e Damping time 22 500 /52 ms
 Energy spread 6 2 18.6x10 og/lEo
Scaling in a wiggler-dominated storage ring:
Damping Horizontal Energy
Time Emittance Spread

1 o —

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice
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*Optics effects from an lIdeal Wiggler
(infinitely wide poles, sinusoidal field B,(z) variation)
vertical focusing only -

LW B\N 2
Jwiggler Blds B 3 k y T (kw =~ 27T/7“w)

2Bp 2
L, <5, >B;

Each wiggler shifts Q, by about 0.1 integer: AQ, = 7310 %5

*Optics effects from a Real Wiggler

Variation of mid-plane field across the pole face:

dB ‘
-“W B ds L ’ Ax — B\Nzﬂw
dx A47°Bp

June 25, 2007 CESR-c: A Wiggler-Dominated Collider ~ D. Rice 12



\\ Cornell University
/) Laboratory for Elementary-Particle Physics

Wiggler Parameters

Parameter Value
Technology Superferric
Peak Field 1.7-21 T
Wiggler Length 1.3 m
Number of wigglers 12

Field period 40 cm
Transv. width of poles 23 cm

Number of poles

6-20 cm, 2-10 cm,
2-5cm

Pole gap 7.6 cm
Operating Current (2.1 T) |[185A
Wire operating margin 50%

June 25, 2007

CESR-c: A Wiggler-Dominated Collider D. Rice
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12 damping wigglers are
distribute in 6 clusters
according to available
space in CESR.

Cryogen distribution,
optics manipulation

A rigorous testing
program characterized
wiggler properties and
assured minimal
construction errors.

LIMNAC STACK

Experimental
Hall

June 25, 2007 CESR-c: A Wiggler-Dominated Collider ~ D. Rice 14
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Beam-based measurement of wigglers

— Wiggler model uses calculated 3D field map

— 3rd order Taylor map.
"ICFA Beam Dyn.Newslett.31:48-52,2003" by D.Sagan, et. al.

— Predict AQ and other parameters based on
BMAD subroutine library:

http://www.Ins.cornell.edu/~dcs/bmad (D. Sagan)

June 25, 2007 CESR-c: A Wiggler-Dominated Collider ~ D. Rice 18
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Compare measured data with values
calculated using the model:

— Bunch length = beam energy spread
— AQ with wiggler field

— AQ with beam position in wiggler

- AQ with amplitude (octupole moment)

June 25, 2007 CESR-c: A Wiggler-Dominated Collider ~ D. Rice 19
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Streak camera measurement:
Energy spread derivable from
bunch length measurement
using op and Qg

Measured 6, =11.86 mm yields

Optics: HIBETAINJ_20040628. Dec 11 2004, fs = 39.2, st

) P oe/E, = 8.62x104 vs. predicted
% gz = 11.86 +- 0.03mm ﬁ i& GE/EO - 8.47)(1 0_4

. E
) [
. Al
. [
: \

0 20 40 60 80 100 120 140 160
A Figures & data from A. Temnykh,
Wiggler Workshop, Frascati Feb. 2005

Alru]
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Vetical tune variation with wiggler 14WA current,

measurement and calculation e 4 .
CESRC MS. Feb 14 2005 Tune variation with

0.001- wiggler (14WA) current.

R 0_3_,;-_-.--__.__ L2 1 51
_Fj AQ 47Z"Bf
0.001 v S 1 dyloc[B(I )Jz

v
7
-0.002- Z
. ] ,/
1 _ 7 —8—dQv - measured
] /"/ — — model Error
-0.003 z ]
] _,/‘ —e—dQh - measured dQh/dl (model) | -2.97e-5| 6.7e-13
~ — — model dQh/dI (measl) 3.5e-5 2.9e-5
0004- dQv/dl (model) | 0.00102 | 2.0e-11
1375 138 138.5 139 1395 140 1405 141 1415 dQv/dl (meas) | 0.00115 | 1.67e-05

Imain[A] / 14WA

Slide from A. Temnykh, Wiggler
Workshop, Frascati Feb. 2005
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2
B ds = LW BW 2 Vertical and horizontal tune versus vertila beam position
il v S = — y+ s at three 8-pole wigglers cluster, VB 58.
wiggler 2Bp 3 Aug 21 2003

Tune variation with
beam position in 18E
cluster (3wigglers).

—&— dfh[kHz] - measured
—&— dfv[kHz] - measured
......... dfh[kHz]/ model
......... dfv[kHz] / model

Vertical and horizontal
tunes measured as a
function of vertical orbit
position in wigglers

difh v{kHz]
,-/;
\.\\‘

df, =1kHz = dQ_=0.0025

-110 -500 0 500 110
VB58 bump, 1000 cu ~ 10mm vert orbit shift

Slide from A. Temnykh, Wiggler
Workshop, Frascati Feb. 2005
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wigglers

Vertical and horizontal tune versus horizontal beam position
at three 8-pole wigglers cluster, HB 70.
Aug 21 2003

—— dfh[kHZz] - measured ’
—®— dfv[kHz] - measured ’

w

Tune variation with beam
opg o o 1 === dfh[kHz] / model »
position in 18E cluster | | dfv[kHz] / model ;
'8

(3wigglers).

dth, w[kHz]

Vertical and horizontal
tunes measured as a

function of horizontal _
orbit position in wigglers ;
dfh,vzlkHZ — thv:OOOZ5 :5,-103 210>  -110° 0 110°  210°  310°

HB70 bump, 1000cu ~ 10mm horizontal orbit displacment

Slide from A. Temnykh, Wiggler
Workshop, Frascati Feb. 2005
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Measured and calculated dependence of vertical/horizontal
tune versus vertical/horizontal amplitude

. ) —&— Measurement —&— Measurement
Vertical tune as function  |_____ Model Horizontal tune as function  |..... Model
of vertical amp“tUde' - — Model with wigglers OFF of horizontal amp“tUde- - — Model with wigglers OFF
0.015 . 0.015 | | |
4 '_' 4
Rz . dQh=m * Avymm]" 2
’ 1 Lmeas 5.8937e-05
4 4 4
0.0l A 0.01 mggg: 2.2412e-05
1 1 Qwigglers OFF -6.5796e-06
J =m* 1 "
dQv =m* Av[mm}* 2 A
0.005 meas 0.0003024 | 0.005 -
| model 0.0003024 ‘/
2 model 5 | i
: -2.85e-05 o=
g wigglers OFF g | ,‘_/.‘_._/_ ="
0- — O R B e
-0.005 -0.005
0 2 4 6 8 10 0 2 4 6 8 10
Ax [mm] at beta_x = 10m

Ay [mm] at beta_y = 10m

Slide from A. Temnykh, Wiggler
Workshop, Frascati Feb. 2005
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 Dipole Instabilities

— Longitudinal coupled bunch - Dominant Instability

* Instability threshold ranges from 23-47 mA for e+:;
9 trains of 1-5 bunches & 8 trains of 3-4 bunches
(c.f. thresholds 2.6-3 mA with wigglers off)

 Have stored 150 mA e+ with & without feedback
 Wideband & narrowband (1x Qg) feedback stabilizes

— Horizontal & Vertical
e No observed instabilities

 Growth rates vs |, not measured
 Generally operate with wideband feedback at low gain

 Quadrupole etc. Instabilities

— None observed up to 150mA single beam
Slide from M. Billing, July, 2005

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 25
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lon effects -

— have reduced number of bunch trains from
9 to 8 to provide a clearing gap.

ECE, fast lon effects -

— both under study *
— ECE clearly observable in single beams

— No clear effects on luminosity performance
have been confirmed.

* See R. Holtzapple et al., THPANO087 and
M. Palmer in ECLOUDO7

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 26
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e Observations from luminosity history:

— CESR-c luminosity approached saturation soon
after all 12 wigglers were in place

— Dedicated and talented hands-on tuning has
provided the last 20-30% performance.

— Peak luminosity varied ¥15% from run to run

— Integrated luminosity has increased more than
the peak because of improvements in injection
conditions and focus on duty cycle.

Look at specific parameters :

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 29
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Beam Energy | Achieved Design | Achieved | Achieved
[GeV] 5.3 1.88 1.88 2.09
Luminosity 1250 300 65 73
[+103°]
i, [mA/bunch] 8.0 xa5| 4.0 x45| 1.9 x40| 2.6 x24
lpoam [MA] 370 180 75 65
Ey 0.06 0.04 0.023 0.03
&, 0.03 0.036 0.028 0.035
Oe/E, [x103] 0.64 0.84 0.86 0.86
Ty.y [ms] 22 55 50 50
B, [Tesla] - 2.1 2.1 1.9
By* [cm] 1.8 1.0 1.15 1.3
€, [hm-rad] 220 220 140 125
CESR-c: A Wiggler-Dominated Collider  D. Rice

June 25, 2007
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6 vs 12 wigglers

Vertical Beam-beam Parameter 6 12
6 vs 12 Wigglers . -
0.04 vy Wig | Wig
0.035 | =~ ©6Wig-Jan2004 777777777777777777 | B*y 013 |.0116
-~ 12 Wig - Oct 2004 | |
0.03 ‘ \
0.51 [ 0.86
0.025
160 |[135
gv 0.02 . [ Lo
0.015 SN BN SO O N |#Bun- {32 |40
: | | S ches
001 AR AR S .
s, |13.6 [11.6
0.005 f 77777777777777 o - mm | mm
0 i | oplE0 |81 |85
0 0.5 1 1.5 2 2.9 E-4 E-4
- (rms mA)

Current limit is
deteriorating lifetime as
bunch current increases.

6 wiggler data (32 bunches)- Jan. 1, 2004
12 wiggler data (40 bunches)- Oct. 29, 2004

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 31
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Several factors complicate optics design and
performance analysis:

— Pretzel orbits create separate optics for the
two beams due to sextupoles and multipoles.

— Special focusing properties of the wigglers
and localized radiation effects need special
treatment.

— Coherent beam-beam effects from up to 89
parasitic crossings create strong bunch-by-
bunch, current dependent optics.

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 32
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Maximum

E_ Train 1 _;

horizontal § (m) vs. " F
bunch current i E
(mA) In opposing 42.55_ o | S e | | | | _
beamwith9x5 EHIJ;IngbqlH'g!_q““,glv,,“llj“l&b;“I1J5HH1_|75HH_5HI§
30— ]

bunches. = Tvain2 :
47.5 -

sE . &

42-53_ = __/: —E

:I | | I | I | | I I .| | I | | I I | | I | | I | | [ | | I:

S T T T T

50— i

- Train 3 ]

47.5 -

45?— une _f

42.5 f— A — —— Electron b;md::.jl -

a 0.25 0.5 0.75 1 125 1.5 1.75 2

J. A. Crittenden July, 2005.

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice
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* With the availability of a good model, simulation
experiments could be carried out to assess the
impact of various parameters on performance.

Luminosity simulations compared with measurements:

1.89 GeV

5.3 GeV

i 120105-1 40 A o
| d303.2004, measurement O —_ 5. 285;(16\] ?9168188111'861(1)61118 '_
- 5 | Simulation, hibetainj bl T 3T sanlEUEER ] ' ' =N
& ! L
|E . g 30 | -:5“] -
= 25 r <
= . n e a5 | %1
g 2 | T/ A _._._:__.!.l ‘ ]
= r‘:g 20 L n HEF i
g 1‘5 L 5 i ]
s B B . &
é H é 10 m W - ]
5 0.5 u 5 5+
] o
0 I 1 1 0 |
0 1 2 3 1 2 3
Bunch current (mA) Bunch current (mA)
http://lwww.Ins.cornell.edu/~dlr/beambeam_simulation/
June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 34



“’J‘ . .
7\ Cornell University

\q.; Laboratory for Elementary-Particle Physics S i m u l ati O n Ex pe ri m e nts

— Wiggler non-linearities turned - No change
off

— Low field distributed wigglers - getter performance but
creating 50 ms damping times  only similar to lower 6E

— Turn off pretzel & parasitic - <10% improvement
crossings

— Turn off CLEO solenoid and - ~50% improvement in
coupling compensation specific luminosity

— Add anti-solenoid coupling - 25-30% improvement in
compensation specific luminosity

- Both comparable results,
higher bunch current,

1.8x lum, &, 0.03— 0.055

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 35
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— Beam currents have been limited by ion effects
(leaving out one train) and parasitic beam-beam
effects (confirmed with single-beam tests).

— The CLEO-c solenoid compensation has excessive
chromaticity — introducing an anti-solenoid in the
compensation scheme should improve performance.

— The high Qg necessitated by the large energy spread
is a significant limit to beam-beam performance.
Reduction difficult because of pretzel orbit needs.

— Otherwise no significant effects from the wigglers
have been found.

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 36
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Several programs have been carried out to
improve CESR-c performance.

1.Variations in optics, including:

1.

N O Ok WD

Interaction point optics functions

Injection point optics functions

betatron tunes

horizontal emittance

compensation of CLEO solenoid field (skew quads)
knobs for empirical adjustment of parameters

RF voltages

June 25, 2007

CESR-c: A Wiggler-Dominated Collider  D. Rice 38
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Performance programs (cont.)

2. Compensation of parasitic (and primary)
beam-beam effects by optics changes.

3. Addition of anti-solenoids in CLEO solenoid
compensation.

4. Extensive and experienced tuning

While some positive results have been seen in
machine studies and operations, complications of
the parasitic crossings, particularly for injection,
have produced mixed results in HEP running.

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 39
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- — BBl compensation
Current limits from parasitic B-B interactions

Dynamic Aperture Calculations for Train 1

— Initial efforts massaged

] @14?' 'I'"'I""I""I""I""I_i
optics to reduce AQ, L g DEEYREe o
empir‘ical parameters :E Ig: Positron bunch current 0 mA :

o . '3‘ 65— Hrms: 297 1 3
at parasitic crossings. = - o V rms: 31 *
g E rms: 0.082% E
— Later efforts have 5 o —
computed local com- a5 -0 5 0 5 10 I3
. Max H amplitude (G)
pensation for each o 14 e ;
cluster of bunch S 12F e o © %0 4
o = — : =
CrOSS|ngS*. i lgf_ ° Positron bunch current 2.5 mA ® E
A ] : de t S 6:— — Electron bunch 1 " 3
ynamic aperture madeto = 4 9 — Electron bunch 2 -
IMPROVE with presence of S 7 g ceeEnameed s I
opposing beam. 1|» e N U

Max H amplitude (c)

*J. Crittenden, M. Billing, “Compensation Strategy for Optical Distortions
Arising from the Beam-Beam Interaction at CESR,” paper TUPAS056

June 25, 2007 CESR-c: A Wiggler-Dominated Collider D. Rice 40
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— anti-solenoid compensation

4.5 . .
° ° ° ° cesr-¢ Phase 111 —=—
— Simulations predict lumi- e onse S
. . R o 3. | compensating solenoid, QO(1.9deg) o2 @ i
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CLEO-c operation before and after anti-solenoid commissioning
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A quick overview of CESR

e Low energy operation

e Commissioning and early measurements
 Luminosity performance and analysis

e Performance improvement efforts

e Conclusion and future
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e Peak luminosity 7x103' cm-2-sec!,
integrated luminosity >4.5 pb-! per day

e World data sample at y(3770) increased > x15,
plus Dg decays at (4050-4170) (4years, running <50%)

e CLEO-c will continue taking data through
March 31, 2008

 Parasitic BBl is the primary performance limit.

 Solenoid compensation studied through simulation
program and experiment — improvements seen

 Large energy spread = high Qg is secondary
performance limit

 Other than energy spread, the wigglers have not
adversely affected performance.
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Looking toward the future, CESR is an
ideal test bed for accelerator R&D

— Ultimate flexibility of optics

— Powerful injector

— e+ / e- capable

— Low impedance SC RF cavities

— High quality wiggler magnets

— High quality instrumentation

— Experience manipulating optics

— Energy 1.5-6 GeV

— Experienced and dedicated staff

See (previous) talk by M. Palmer, MOOAKI01
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Technical Support Groups

Work reported has been carried out by a
dedicated and talented staff:

Operations: Technical Support:

Dave Rubin Stu Peck Gary Babbitt ~ Roger Kaplan

Mike Billing Jim Sexton Clay Ball Gloria LaFave

Sergey Belomestnykh Selden Ball YulinLi

Ryan Carey John Sikora John Barley ~ Valeri Medjidzade

Jerry Codner Mike Sloand ~ Margie Carrier Darrel Metzler

Jim Crittenden Karl Smolenski ~ Scott Chapman ~ A. Mikhailichenko _
Richard Eshelman Ruth Sproul Mike Comfort ~ Toby Moore  Karl Smolenski
Mike Forster Jan Swat Bill Dickens ~ Tim O’Connell John Stilwell
Steve Gray Eugene Tanke  John Dobbins  Leonard Park  Charlie Strohman
Shlomo Greenwald Sasha Temnykh Bill Edwards ~ Ken Powers — Bill Trask

Don Hartill Maury Tigner  Rich Gallagher Peter Quigley  George Trutt

John Hylas Larry Wilkins ~ Tim Giles Mike Ray Ted Vandermark
Dan Kematick Bill Harris Dick Rice Vadim Veshcherevich
Bob Meller Yun He John Riley ~ Dwight Widger
Vildan Omanovic Ray Helmke Matt Rendina  Beth Wilcox

Mark Palmer Brent Johnson  Dan Sabol Meredith Williams

J. Kandaswamy Neil Sherwood Ron Yaeger
John Kaminski Colby Shore
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