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A quick overview of CESR
e Colliding beam dynamics (selected
topics)
— Tune plane exploration
— Machine resonances correction
— Coupling differential problem
— High synchrotron tune effect

e Single beam, long train dynamics study
e Conclusion and future
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A brief history of CESR

— Operation began October, 1979
e Design 8 GeV
e 100mA/beam in single bunch
e 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
Slide from D. Rice, PAC 2007
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Principal Features:
e 768 m Circumference

e 1.5-6 GeV beam energy

(8 GeV design energy @
2x100 mA)

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

* Full energy, multibunch
injector oS IOE hess

>300 mA/minute, no energy ramping,

minimal changes in storage ring conditions
Slide from D. Rice, PAC 2007

Storage Ring

Y/

Synchrotron

et e

Transfer Line Transfer Line

Linac
Gun Converter
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45 bunches per beam
= 89 parasitic crossmgs

; !

Separation with (4) .
horizontal electrostatic T W
separators — Sl JEEREEEE Positrons O
+ 20 mm horizontal orblt

Vertical Separators
Horizontal Separators

@
®
{» Electron Injection Point
& Positron Injection Point

2 vertical electrostatic
separators avoid collisio
in North IR.

Electrons and positrons
collide with *~3.5 mrad
horizontal crossing angle

Slide from D. Rice, PAC 2007
April 14, 2008 Beam Dynamics in CESR  A. Temnykh 5




0’; Cornell University

‘?66 / Laboratory for Elementary-Particle Physics Pretzel Beams in C ESR

Center-center spacing of beams at parasitic
crossing points in CESR is typically 2x5 G

Slide from D. Rice, PAC 2007
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A quick overview of CESR
e Colliding beam dynamics (selected
topics)
— Tune plane exploration
— Machine resonances correction
— Coupling differential problem
— High synchrotron tune effect

e Single beam, long train dynamics study
e Conclusion and future
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Resomance Lines

0.718 80§ o Rezomance line reatrictions:
o s POx+ 0y + 105 =n]
Pl #|9] + |F] <= 4
Qy Q_} II q:l 1 |
pl = 3
-:.*l e 1
0.692 17 ;
0s= i
() CESR working point location
0.667
Low tune region: anticipated
machine driving resonances
0.641 High tune region: anticipated
250 machine and beam-beam
driving resonances
0615 =
2140
0.590
23:‘_55 2 225 235 245 fh[kHz]
0.500 0.526 0.551 0.577 0.603 0.628 Qx
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Cornell University Tune plane exploration:
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Low tune region

Experimental conditions:
*1 x 1 head-on collision, weak-strong beam-beam

interaction.
*Tune scan with vertical beam size measurement of the
N weak (positron) beam.
.\ \\
NG Resonance driving terms:
e AN 1) Normal sextupole moment in place with dispersion

7/

2) Skew sextupole in place with dispersion or chromatic coupling
3) Skew octupole moment in place with dispersion
4) Skew octupole moments

1) 2fh-fs

SigP, 0.5mA(e+) x 0.5mA(e-) SigP, 0.5mA(e+) x 1.0mA(e-)
N

245

0.5mA collision
F |

23000 210 215

fhikHz]
Seen machine resonance drift due to tune shift introduced by beam-beam.

213

205 210 2148 . 205 210
fhlkHz] fh[kHz ]

Seen machine resonances
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High tune region

Experimental conditions:
*1 x 1 head-on collision, weak-strong beam-beam
interaction.

*Tune scan with vertical beam size measurement of the
weak (positron) beam.

Less number of machine resonances, but more beam-beam
driving ones

270

A w 4 2 40
220 230
fhkHz] fh{kHz] fhikHz]
Seen strong beam-beam driving resonances, no good
place for working point

220

Seen machine resonance

April 14, 2008 Beam Dynamics in CESR  A. Temnykh 12
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qIE8Y Comell University Tune plane exploration conclusion

*In the “high" tune region beam-beam
performance limited by beam-beam
interaction driven resonances. We can not
eliminate them.

*In the “low" tune region "machine” driven
resonances affect the beam-beam
performance. Can we damp them ?

April 14, 2008 Beam Dynamics in CESR  A. Temnykh 13
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Single beam, 2D tune
scan with horizontal
beam size
measurement.

Resonance in a simple

tracking model

Xy = X, - COS(27v ;) + X' -SiN(27v )

+5-(x, + 8, cos(2zv,n)f

Before sextupole distribution tuning

255

X' ==X, -Sin(2zv,) + X' -cos(27zv )

Phase space when tune crossing
resonance
-

255

ﬁ
250
250
Sextupole Delta
K2L[m™2]
245
™ 10W -0.272 245
% 24W -0.311 2
240 240
26W -0.041
035 30W -0.034
235
230
200 23075
April 14, 2008 Beam Dynamics in CESR  A. Temnykh 14
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Single beam, 1D tune scan with vertical beam

Size measurement.

300- 5
: fh-fv-fs=0
715 R N A1 —— U ——
: <— before Skew - Delta
C A e Sextupole K2L[m™?]
=3 | | | 7E -0.11
{0 N SN N S AU SO N ——
< | | 23E -0.055
100 A e 23W 0.275
50_ _________________ after _____________________________________________
0: .E | |
240 245 250 255 260

fv[kHz], th = 204.775kHz
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Resonance is driving by the SRF cavity magnetic field if Resonance identification

7 2405 I ‘
orbit is off center. RN remime o] |
\ ml 375.04 8.222
ns el
||||||| i {2 VN J L o KSR TR IR TN PR JRN [T = LT | ~ ) 159 -
g{r" 7] _!7!0 .__ | E‘-H ! i .t*] = :EC*J’ | JI._‘. . \\ R| 0.98755 NA
= ‘- ! +_ il .69 o { b M 8 \
fjp#a” & - .8 I /j ’.’ \\ < E 2385 \=‘
’|‘/’ L. "% . ‘. | ,, \ 7‘&— ’ § \
Sep” 30 z’a:-b{\ - o I s = 28
7 = 2375 °
Bo (r=4ew) = 405 &, max 237 N
dew = '/5/5 227 "'(’b/ 23653715 37.8 38 38.2 38.4 38.6
by i fs[kHz]
Ford—> g 89’ 41\05 12 59 C;::r;,
| B 1,) 3 can [ ET " 2
X o C ( ﬂ) 300
=i=ldgienipe) | G <c L, Single beam, 1D tune
| Ea . .
Pyt B (2 oy ) % scan with vertical beam Before
? 1 o Size measurement. 250
-ﬂa’ors-ﬁ-{i‘éf(?ajm(&nhi i"q) = =N \J\
ol E( ,5, 4 cox Y . 5 A
5Py~ Sory (ma) 2 Vertical | [mm] 3 - / \
J F?. b't b 200 R /ﬂ\ /\ - b - /\ R
W’M’;/ oroi ump %)‘f ,ng{@ﬂ\ﬁ! \xﬂ’u‘ﬂ)\fn\: u\/ Z/“P\\;‘(\m \g’\‘j}:
“~ . 2 .i . -—{- JFQJ = = )
o ~gerd 8 4 G/ ees /v ) WestRF | 1.25 )
ST sackases Wervip derss EastRF |-0.85 150 ||
A = 56" T e S Sen, 2 épCM 236 236.5 237 237.5 238 238.5 239 239.5 240
(7755 ) = /4509/7 fv [kHz], th = 205kHz
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: ’ " 2fh - fs = f0 on beam-beam performance

Model with beam-beam interaction Trajectories in horizontal
and single sextupole. phase space when &
fh = 208kHz ( 0.525) increases '

fs = 3%k Z(Q.1)

50 “
N
—— 4 I N
\I
15 ~
- = ~
= AN
= Nt
0 \:ﬂ;\./ -
N
/7
4
m ]
V— — L er2u o L _——
\Q{
N,
0 ~ _
N
AN
g 100 220 1
Nz =0.5 0x =0.55 Fh[ )
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Effect of 2fh — fs = f0 resonance dampimg
on colliding beams performance
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+  HEP standard sextupoles H
T Effect of the resonance damping
Effect of 2fh-fs=f0 4 ' . on colliding beams life time
resonance B
damping on beam- & Ty 1.01
beam performanc, ° [ I I e+
MS 3/30/05 2000 {4 e oo T v e S S R R S SR
Sext Delta . 0.99 R - e
-2 [ pi | =} ]
K2Lim™ | A =T 098
10W,E | -0.050 o i ‘_’°QW = : :
098°800000,00 | 099%gan osag0g AR A.P = . .
2aW,E | 0.004 - | woooted o) 0973~ ¢ -= 49 min - tandard
f _ ] - - standard
e 212 214 216 218 220 0.96 - T+= 550 min.
fh[kHz] ] ;
Effect on horizontal colliding beam spectrum 095 g ————g5 s 2
: _ . : Time[min]
0.01 | Single beam, no collision |
* Colliding beams, standard sextupoles ! 1.01
i Colliding beams, adjusted sextupoles
2x2mA colliding | e+
beams spectrum. f 2fh - fs = 0 § i i &
0.001 : "7 mode 5
—_ : ] él ! h el I o g :
EAS J‘li R T 098]
| I e T ° i — ] ' .
? 1 A ! = t - =280 min .
z A VS ) VA Y ; 0973 - ‘ fod
ol el s+=osomin  Adjusted
AR RSV I SN 0.96 ]SS e e — ———
e %) T e 1 i i i
. omode | 0.95 ; ' -
el ! | | 0 0'5 1 15 2
205 210 h [kHz] 215 220 225 Tlme[mln]
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Using available non-linear elements
one can correct machine driving
resonances in vicinity of the working
point.

The clean tune plane enhances
colliding beam performance.
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RECTION OF TRANSVERSE COUPLING IN A STORAGE RING
R Peter P. Bagley and David L. Rubin RMS =  0.009 2004-5EP-16 08:32:44

Wilson Laboratory, Comell University, Ithaca , New York, 14853 e 0.002 HIBETAINJ 20040628 VOl F

Dat: PHASE.04873
d‘“e‘ﬁ“ 1,5€.T.. |/ Ps
D) 0.10 ~
0%/ B p Charl2

— Y

Figure 1 : Beam ellipse for we
excileg

ak coupling and the A mode

The beam center motion in x-y
plane resulted from horizontal
eigenmode excitation.

0.3

The critical

question: :
What is the

coupling at the & fobetoto e SRRt o
collision point 2 =i T g

-0.3

0.1

1]

teta[deq]
Xy / Ry

-8 -6 -4 -2 0 2 4 6 8
BPMs: 0E O0W
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1000 turns turn-
by-turn data with BPM OE IP BPM OW

beam shaken in Xer Yo Xip’ yip Xor Yw

horizontal plane, Xip Xe
horizontal scale 1 X" X
mm/div, vertical Pl=(M)] "
0.1mm/div o o Vi Ve
y Iip yw
/ Bs = 1.0T \
74 at BPMO-E, file:cbpm0806.raw XY projected to IP, file:cbpm,0806.raw . $Y at BPMO-W, file:cbpm0806.raw
ax,aylmm] =0.7943,0.003986 3 | gerRRaglmm) =1.656,0,2776

2 5 % _

1 1

0 |

- ::'. * ; A

2 ___*,';._r-.*ﬁf“ : ] IP ; E _ _ 2 N~ o

- ‘ar(xy).feta =9.077.0.06253 (3.1 ar(x/y).tetg =456.8.-0.004516 (10.25877) 5  ar(y e BEG -0.002044 (10.11708°)
3 2 1 0 1 2 3 3 -2 - o 1 2 3 s 2 14 0 1 N

-3

x 107 x 10 x 107
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Local coupling in arcs with all skew-sextupoles turned OFF

0W : x=5.00 y=1.00 wn fs 0E : x=5.00 y=1.00 ww fs proj IP: x=2.00 y=0.50 nn fs
angle=-14.36, [x/¥= 20.61 argle= [5.34, [x/y= [3.81 angle= -0.75, [x/y= 61.10
angle= S xfy=12.25 angle=—9-11; 3.35 angle="—1-03;x/y="97.58

Pretzel OFF =—»

West East

chpm_01462.raw: CESR BPM Raw Data File: Mon Dec 20 17:47:28 2004

&

E+ beam - red

EE t) t)l chpw_01470.raw: CESR BPM Raw Data File: Mon Dec 20 18:06:57 2004
eam ue 0w : x=5.00 ¥=2.00 »m fs= 0E : x=5.00 y=2.00 mm f= proj IP: x=2.00 y=0.50 nm fs
angle=-27 .32, x/y= 13.50 angle= [7.94, [x/y= [1.82 angle= -1.97, [x/y= 33.15

angle=—-9-06|x/y=—3-18 angle=—17.25;x/y="14-01 angle=—0-62;—=x/y="55:25

Pretzel ON —>» _—

West hi East Overlapping ~ 50%

chpm_01464.raw: CESR BPM Raw Data File: Mom Dec 20 17:50:47 2004
chpm_01469 .raw: CESR BPM Raw Data File: Mom Dec 20 18:04:22 2004
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Local coupling in arcs with skew-sextupoles empirically optimized for luminosity

0¥ : x=5.00 y=1.00 wm fs OE : x=5.00 y=1.00 ww fs proj IP: x=2.00 y=0.50 mnm fs
. XiY= 9.34 angle= |5.92, xﬁyfm 4.50 angle= -0.96, x/y=100.27
L, x/y= 568 angle= B.Tﬂg? : 76 angle=——1-02,x/y=176-90

Pretzel OFF =—»

West East
E+ beam - red :
Mon Dec 20 16:46:59 2004

chpm_0145]1 .raw: CESR BPM Raw Data File:
Mon Dec 20 17:16:40 2004

E_ beam - blue chpm_01455.raw: CESR BPM Raw Data File:
0E : x=5.00 y=2.00 xm fs proj IP: x=2.00 y=0.50 mm f=

0w : x=h.00 y=2.00 »wm fs
angle= 6.75, x/y= [3.12 angle= -1.45, [x/y= 65.53

angle=-16.78. x/y= 21.69
angle=—15-41. x/y=2.64 angle=20-92, x/y=5.61 angle=——1.16, xty=69-51

Pretzel ON =—»

West East Overlapping ~ 90%

chpw_01450.raw: CESR BPM Raw Data File:
chpw_01454 .raw: CESR BPM Raw Data File:

Mon Dec 20 16:45:27 2004
Mon Dec 20 17:14:54 2004
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Advanced phase modulation in vertical plane ——CESR-c,vs~01

between collision ——KEKb, vs ~ 0.022
Advanced phase modulation 4 /2 ——cesmgace. -0
be*ween CO”iSionS 005 —— VEPP-4, 45 ~ 0012

0 ' gttty N e shhns,d 573 ISR D% 1. SRS O |

[

a,
S, =0, ECOS(ZEV -n) - longitudinal position of

p(s) = ﬁ*(1+ S—ZZJ
ol

-0.1

collision asafunction of turn number

Phase modul ation between collisions: Vs ; ﬂ:vlmzcl‘::r{ 57;) &, max
¢(S”*1;;¢’(S“) o arctan( ZZ;Z cos(2zv, - (n+1))j— CESR-c | 0.1 0.05 0.025
1 arctan( %8 otz ”)j KEKB |0.022 |0.011 0.08
21 25 PEP-Il | 0.029 |0.014 0.07
VTG% cos(2zv, 1) 21 : CESR@ |0.05 |0.025 0.06
[1+ aé [;j J 5GeV '
DAFNE |0.003 |0.0015 0.045
VEPP-4 |0.012 |0.006 0.06
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Simple tracking model with beam-beam interaction and phase modulation.
£=0.033,0/p=1,a-1

v=005 | v,= 0.10

220.1/0.033

220.1/0.033

+-10c full scale  Phaca enare for various tune and v,; ¥ - CESR-c workina point

10 . , . : 10 ; : : 10 & , , '
v 0.0 V= 0.05 Amax/sig V= 0.10
8 . A 8 Sl : g v o a
6 6 6
4 4 4
2 2 2
o . L [ ] 0 I R R 0 |
0.564 0.590 0.615 0.564 0.590 0.615 0.564 0.590 0.615
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(experimental study)

How we can change phase modulation in
machine ?

Reduce RF voltage. It will low vs , but in the
same time it will increase o,. To keep c,/f,
constant we should increase f,.

In experiment:
v. 0.1= 0.05 (reduced RF voltage);

S

o, 12mm = 24mm, haveto change 'By from12to 24mm.

April 14, 2008 Beam Dynamics in CESR  A. Temnykh 26
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Beam-beam performance estimation from the beam
spectrum measurement.

Spectrum of non-colliding and colliding beams
Horizontal plane Vertical plane

0.001 A IR SR S S S S S S S S S L S A R A P
O I T R O O O R A Mocollision -
L —— Collsion
. S Mo collision |+

. Collisian

0.0001 0.0001
= =
S F
10% 10°
10°¢ : 10°
208 210 215 220
f[kHzZ] fv[kHz]

27
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(experimental study)

High fs optics: fs = 39kHz (v,=0.100), Low fs optics: fs = 18kHz, (v,=0.046),
B,=12.7mm, c,=12mm, v,c,,,-0.0944 B,=21.5mm, c,=26mm, v,c,,8, = 0.0558

1X1_0PSMA NOCOLUSION H NOPRET 1X1_0PSMA_NOCOLUSION V_NOPRET

[ | [=a—atma comin ] - o) [Co—simasomnn] - 0.8x0.8mA B il
aom | T L L TEITTTIT N e collision 2,0x2.,(.)mA
’1 4 OO R RRRRRNTRRRERESEEREE NN Py i gx ~0.015 collision

£, ~0.041

£ ~0020
Sy g, ~0.030

N R e 2 0x2.0mA
: collision

= N b P AL L jg ~ 0025

3.0x3.0mA
collision

&, ~0.049

&~ 0.033

S T T 3.0x3.0mA
f £, ~0.041

POV v e

e 0008

,fm T e With lower v,c,,B, we have reached
&y, max ~ 0.025 (but not luminosity)
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(conclusion)

The use of the RF voltage for the bunch
length reduction leaded to the high
synchrotron tune which resulted in high
modulation of the vertical phase advance
between collisions.

This degraded beam-beam performance.
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Beam Energy | Achieved | Design | Achieved | Achieved
[GeV] 5.3 1.88 1.88 2.09
Luminosity 1250 300 65 73
[+1030]
i, [mA/bunch] 8.0 xa5| 4.0 xa5| 1.9 x40| 2.6 x24
lpeam [MA] 370 180 75 65
Ey 0.06 0.04 0.023 0.03
E 0.03 0.036 0.028 0.035
G/E, [x108] 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
g, [nm-rad] 220 220 140 125
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5% Cotnell University Most recent beam dynamics study
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(single beam, long train)

45 bunches train, 4ns between bunches

e+ *

230
‘IIII‘\\\\|III\

VERTICAL TUNE [KHZ]
25

734
L

- Seen electron cloud effect

+
'
#
- 4
'
+
'
*
'
I\\\‘IIII‘\\\\'III\

' ' ' I ' ' ' ' I ' ' ' ' I '
1 ER] =0 <
FPOSITRON CESR BUMNCH  #

233

CERF kA = FILE: =29 = -~

D
I

- -, -

VERTCAL TONE (K]

= 1 = = =
ELECTROMNN CE=S=R BURRCH #
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e CESR completed HEP program. First beam
1979, last collision on March 3, 2008.

e 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

e ~30% of operating time CESR will be running
as a syncrotron radiation source.
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Credit to CESR Operations &

Technical Support Groups

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

Operations: Technical Support:
Dave Rice Stu Peck Gary Babbitt ~ Roger Kaplan
Jim Sexton Clay Ball GloriaLaFave
Dave Rubin Selden Ball YulinLi
Mike Billing John Sikora  John Barley Vaeri Medjidzade
Sergey Belomestnykh \ike Sloand Margie Carrier Darrel Metzler
Ryan Carey Karl Smolenski Scott Chapman A. Mikhailichenko
Jerry Codner Ruth Sproul Mike Comfort Toby Moore  Karl Smolenski
Jim Crittenden Jan Swat Bill Dickens ~ Tim O’ Connell John Stilwell
Richard Eshelman  "Egene Tanke John Dobbins  Leonard Park  Charlie Strohman
Mike Forster Sasha Temnykh Bill Edwards ~ KenPowers  Bill Trask
Steve Gray Maury Tigner  Rich Gallagher Peter Quigley ~ George Trutt
Shlomo Greenwald | 5y 'Wilkins  Tim Giles Mike Ray Ted Vandermark
Don Hartill Bill Harris Dick Rice Vadim Veshcherevich
John Hylas Yun He John Riley Dwight Widger
Dan Kematick Ray Helmke  Matt Rendina Beth Wilcox
Bob Meller Brent Johnson  Dan Sabol Meredith Williams
Vildan Omanovic J. Kandaswamy Neil Sherwood Ron Y aeger
Mark Palmer John Kaminski Colby Shore
| April 14, 2008 Beam Dynamics in CESR  A. Temnykh 33 |




	Overview of the Beam Dynamics Study in CESR
	Outline of talk -
	CESR History
	CESR Layout
	CESR Layout (2)
	Pretzel Beams in CESR
	CESR-c Today
	Luminosity Performance
	Outline of talk -
	Tune plane exploration
	Tune plane exploration:�Low tune region
	Tune plane exploration:�High tune region
	Tune plane exploration conclusion�
	2fh – fs = f0 resonace damping
	fh – fv + fs = 0 resonance damping
	fv + 4fs = f0 resonance damping
	Effect of machine driving resonance �2fh - fs = f0 on beam-beam performance
	Effect of 2fh – fs = f0 resonance dampimg on colliding beams performance
	Conclusion on resonance damping
	Coupling diagnostics
	Coupling diagnostics
	Coupling differential problem
	Coupling differential problem
	High synchrotron tune effect
	High synchrotron tune effect
	High synchrotron tune effect�(experimental study) 
	High synchrotron tune effect�(experimental study)
	High synchrotron tune effect�(experimental study)
	High synchrotron tune effect�(conclusion)
	CESR-c Design vs. Actual Parameters
	Most recent beam dynamics study�(single beam, long train)
	Conclusion and future directions
	Credit to CESR Operations & �Technical Support Groups

