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Attain sufficiently low vertical emittance to enable exploration of

- dependence of electron cloud on emittance
- emittance diluting effect of e-cloud

« Design/deploy low emittance optics (1.5 < E,.,,< 5.0 GeV)
— Exploit damping wigglers to reduce damping time and emittance
« Establish efficient injection of electrons and positrons
» Develop beam based techniques for characterizing beam position monitors
— BPM offsets, Gain mapping, ORM and transverse coupling measurements > BPM tilt
e And for measuring and minimizing sources of vertical emittance including
— Misalignments
— Orbit errors
— Focusing errors
— Transverse coupling
— Vertical dispersion
« Develop single bunch/single pass measurement of vertical beam size
o Characterize current dependence of lifetime in terms of beam size
* Measure dependencies of beam size/lifetime on
— Beam energy
— Bunch current
— Species
— Etc.
| April 18, 2009 TILCO9 AAP review - CesrTA 2




R"J‘ . .
7\ Cornell University

q.; Laboratory for Elementary-Particle Physics LOW E m ittan ce O pti (e 2 G ev

Twelve 1.9T wigglers in zero dispersion straights yield 10-fold reduction
in radiation damping time and 5-fold reduction in horizontal emittance

- Conditions are well established

- Injection capture efficiency for both electrons and positrons is good

- Low current (<1mA/bunch) lifetime ~ hours for both species
wigglers
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Six 1.9T wigglers in LO - zero dispersion

(Arc vacuum chambers cannot tolerate wiggler radiation) :
wigglers

Plet file: BZEETA_ORBIT.PLM
Lat tile: -’u;’ln 1 l.\fniafuccfuser r/brnad/lat/des S esr | S
Lattice: cta_ECO0vew_ 200204
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Low emittance tuning | ,
] S ch-rllzmlwtull F‘Ihulse Ilfdleqjl I'Ellutl-:: - pesllqr?] |
Experimental procedure [

2009—JaN—-0E 16:59:18

1 CTAZ0BEMEV_ 20081107
Dat: phaozaa 07536

4 Ref: HONE

CESR Set: 126020

Foute: 45 _CHESS _STAMDARD

LET - initialization 1 BS = 2842

AT B R . URFN bwerage =  0L000
-Measure and correct orbit using e e e e wm e wm e
all dipole correctors

20—t I'v‘elrtl'clul IF’hlus? Ifldenlq} I[Dl?‘tl:ll ml D?Ei?ﬂ. |
-Measure p-phase and i
transverse coupling

(Phase measurement insensiti
to BPM offset, gain, and calibration

FMS = 4.268
1 Average = DLOQOQ

T4 RMS = 0032
1 Average = -0.0CZ

Measurement at January 09 startup
after 2 month CHESS (5.3GeV) run

CharlZ
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Horizontal Phose {deq) [Data — Design]

Low emittance tuning e IR o e
Experimental procedure

Daot: phozaa 07665
4 Ref: ﬁGNE
- CEZR Set: 126345

T RME = 1210
fwerage = 0000

LET _ initialization u] 10 20 3o 40 S0 B T BO oo 100

-Measure and correct orbit using oo ———ertical Phase (deq) [Data — Design] .
’ L 7 Awerage = DQOQ
all dipole correctors / _ IR AR L
- Correct B-phase using all 100 R N e

Remeasure '(\/<A¢2><1,50' _20_| I AN TR NN TR NN TR AN TR NN SR NN SR RN
-Correct transverse coupling usina 14

skew quads. Remeasure (1/(C%) ~ 0.6%) ~ wog 1t {PR =P s ons

4 Awerage = D.007

B-phase and coupling after correction
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LOW emittance tuning o Horlzontal Olr'hgt flmmjlfDlutq] — e

§ 9 CTAZ2085MEV_20081107
: Bt ) S
Orbit i D f..f."f’.‘ﬁﬁﬂ."’? M e
A feature of the orbit is o W e w W w W o XBSM bump
the closed horizontal bump o _Vertical Ot () [Dota]
required to direct Xrays T P A I T T ™" Ability to correct the vertical
onto x-ray beam size monitor ~ ~_ ¢ """ R R OWTE ¥ “>~_orbit is limited by BPM
¥R TP NPV SN N SN S | resolution and irreproducibility

-Measure and correct vertical

Horizontal Dispersion {m] [Data]
T I T ! T

dispersion e iR c;uﬁz
using skew quads (14) and o ? ? ]

vertical steering (100) S9! SN SR RIS T AN A A |

Residual vertical dispersion A S S S S s B e R XON

RMS ~ 2.4cm - Signal or noise 7 ;‘ | i ﬂﬁ@ﬁﬁﬂmﬁ;

Difficulty modeling suggests that ol : : j .

it is noise. B T e J:

Accuracy of dispersion
measurement is limited by BPM

: Note: Residual vertical dispersion 1cm, corresponds to g, ~ 10pm
systematics
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Measured Quadrupole Vertical Otfsets

Survey network complete o
- Quad offset ¢ ~ 134um 02|
-Bendroll o ~ 160urad g L
= 0 ||"|H |||| |H| ‘I L ‘
- Sextupoles ? g U ‘ m \ T
Fixed with respect to adjacent quadrupole 02y
Investigating systematic ~ 350 um offset | | | | |
Designing fixtures for correction 4 20 40 60 30 100
Quadrupole
Measured Dipole Roll Measured Quadripole Vertical Offsets
25 i
20 ¢ 1 12
> 15| o 10 -
2 E o6l
5+ I
2 -
ol 111 ‘ ‘ | Lo 0 ¥ ‘ . | |
05 -04 03 02 01 0 01 02 03 04 05 05 04 03 02 01 0 01 02 03 04 05
Angle [mrad] Vertical Offset [mm]
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B P M tl It Correlation Between Fitted BPM Tilts in
Iy 9 150 Data Sets BEefore and After Skew Quad Change
- Mneasu I’ed Ny~ 91’] h y=10.43204 + 1.0268x RE 0.98736
where 6 = BPM tilt ,
Since <n,> ~ 1m, BPM tilt . /

must be less than 10mrad
If we are to achieve n, <1cm

0

Data Set 2 Tilt (mrad;

-50

We use ORM and phase/coupling /
measurement to determine 6. B B
-150
ORM data set ~ 140 measured orbit differences oo Egaw smuwmf R
- Take data set 1
- Vary 8 skew quads and repeat[] Correlation of fitted BPM tilt (0)
- Take data set 2 A0 < 10 mrad

Fit each data set using all quad(k), skew(k), BPM(0) _ _
Consistent with ogpy,(4X) ~35um
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Existing BPM electronics measure With the new system we will
stretched signal and share common signal ~ Measure.
processing via mechanical relays - Quad - BPM offset < 50 um via beam based
alignment (Vary quad K to find center)
New system - An ~ AX/(AE/E) ~ 10um /103~ 1cm
- Bunch by bunch/turn by turn - Clean measurement of C,;, Cyp, Cy,
digitization dlscrlr_mnates BPM tilt and transverse
- 4ns bunch spacing coupling (C,, independent of tilt)
- 6(AX) < 10um
Status Eam manaae r(inananane oY
Infrastructure (cables,crates, etc.) fully & _csMjfmmyery ] I pertfed R
deployed in tunnel gt 3 M e > ean
Conversion from old system to new is o B0 T Rus = 073
underway - taking care to maintain full % " Lo, 3 Averoge = 0072
functionality during the transition SeE
i ., Eye?’a-;?e Bl
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Touschek lifetime

CesrTA operates in a regime where lifetime is current dependent
Intrabeam scattering kicks particles outside of energy aperture
Touschek lifetime depends on energy aperture

ar _ 1 172
dt c bI

o
H
o~

" Nominal - low emittance
Dispersion bump in L0 wigglers _
Reduced accelerating voltage (3.2MV)
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g 0.1 -
The Touschek parameter (b) decreases with: E

- increasing beam size s 003 |
(introducing n,, in damping wigglers) ¥ 0.06 .
- increasing bunch length g 0.04 |

(reduced accelerating voltage) ~ ]
0.02 .

0
0.5 1 1.5 2 2.5 3 3.5
Bunch current [mA]
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Touschek lifetime (and Touschek parameter [b] ) depends on
- dynamic energy acceptance

- RF accelerating voltage

- vertical emittance

The curves in the plot show theoretical 2 T - 10% dynamic acceptance,
dependence of Touschek parameter on S0pmverticalemittance R .

= === 0.8% dynamic acceptance, ’ h N

accelerating voltage for different combinations 50 pm vertical emittance / Seem
of dynamic acceptance and vertical emittance ? 9G¥ dynamic acceptance; o B

50 pm vertical emittance

—@— 1.0% dynamic acceptance, ’
30 pm vertical emittance ’

The data (filled circles) are consistent with
0.72% energy acceptance and
32pm vertical emittance

—4— (.8% dynamic acceptance, P

1.5 30 pm vertical emittance A

e ().6% dynamic acceptance, ’
30 pm vertical emittance ,/

i (). 7 2% dynamic acceptance, ’
1 32 pm vertical emittance/

@ Data,Jan12 s

-~
~———a
~————

————

Touschek parameter (mA hours)

@ Data, Jan13

0.5

] 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
RF voltage (MV)
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Interpretation of lifetime measurements requires knowledge of dynamic energy acceptance
Tracking study indicates energy acceptance ~1.8%
(lifetime measurements suggest significantly smaller energy acceptance)

TraCk“’]g mOdel |nC|udeS SURVETFLATTEN_CTA_Z08SMEY_2008 1107, LAT_M SURVETFLATTEN_CTA_Z08SMEY_2008 1107, LAT_M
. R da 2009—-FEB-10 03:40:16 da 2009—-FEB—10 115741
-magnet misalignments 5 | ‘ - doctfpem 5 | ‘ - doctfpem
-wiggler and quadrupole nonlinearity
. —8- &E /E=0.01 1, 8- &E E=0.017 4.
-Orbit errors e SE/E=0.015 Q_x = 055997546314 e SE/E=0.018 Q_x = 055997546314
=1 - §E/E =002 Oy = D.61958/266256— 10 - 6E/E =0.019 O_y = D.61888726625¢
% — 3 o, {Ex=1um) Q_z = —550013577'64'% —3 o, {Ex=1um) Q_z = —=5.50013577764
—>Energy acceptance ~ 1.8% _ ~
@ @
[} [}
= =
& &
o 6 oo 6 7
o o
2 2
- - - § 3 - — § 3 -
Nonlinearity of dipole
correctors and sextupoles et iyl ) | |

. 0 =
has not yet beenincluded. -5 -0 -5 o 5 1w 1B -5 -0 -5 0 5 1 1

horizontal displacment {mm) horizontal displacment {mm)
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Determine energy acceptance experimentally
by measuring lifetime vs energy offset

AB/E~1/ou,(Afpe/fre)
—Energy acceptance ~ 0.8%

This direct measurement of
energy acceptance is consistent
with lifetime measurements and
g,~ 32pm

1lifetime [min” Y

It remains for us to reconcile
measurement and tracking ’
calculation of energy acceptance. \

0 . ® . . i
413 e A7 0.8 neE

Delta E/E [%]
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diamond window

Detector Box

Fast gate
valve
low quality |
vacuum (10
32 Rough pumps
At 2GeV beam energy, xrays from a ghp P
bending magnet are at such low energy . hiah aualit
that a Be window is not sufficiently transparent j gh g y
vacuum (10
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LV

Fresnel Zone Plate T T

f ling knob _ a sl x
* Scan of coupling wl  Monochromatic beam et — 1
» Coded aperture measurements — 0=23um

e Smallest recorded size:
~15 um —>¢,~ 37pm (preliminary) N

L=1

o=18um

40 F

Simulations
2e+09 I I éigg = 05 hm
s%gg f 15 um Y
2o Coded Sie % 0 o,
sigy = 45 um
1.6e+09 - Aperture . -12,8 - -12
PN
voo | First measwwmement—— 5 — R T —
1.4e+09 45 um beam
2 {0
S
2 1eto9 | 1 \
@ 0.8 <45 Mm
‘E 8e+08 [ A ]
T eeos | 5 . beam size
§ .
=
4e+08 = .
White beam
2e+08
0 e . . : e 0.2 |
-1500 1000 500 o 500 1000 1500
um
0
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Coded Aperture

Monochromatic 2.43 keV simulation
0.8 Scan 169 ——
20 um
0.7 ’{11
/\ CESR condition
[
3 o5 | » same as for 18um
‘E . I |'|rl"h-.
§ ©.4 j---"' -, fl 'i'\_ FZP
3 03t | | !}'.
0.2 - ,J-j \\ﬂ,l '.'\LI o s Monochromatic 2,43 keV simulation
// R . ' f ' ' Scan 169 ——
0.1 / e | 15 um
w . 0.7 r I[il
o L ) | i, _'Lli'___ / ‘
—1500 1000 —S00 Q 500 1000 1500 0.6 [ | '.
~ 0.5 \ .
All measurements with single diode E | SR B
Diode array will provide “real” time }' 3 b
beam size measurement >20 I T\ )
0.1 / Y hl_
—01.50;__ —.:O_C)'_O —200 Q 5:30 ;;;CT - __1500
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Measure beam size

vs coupling/dispersion knobs " leemashor £ | ]
BETASINGZ2 & &
o0 LoETASNGA &
Linear combinations of skew quad correctors | BETASINGS &
yield closed dispersion/coupling bumps in 00 L |
the damping wigglers and areusedto  _ A A
tune vertical emittance % e 4
Betasing 1/2 - LO wigglers s / 4\ A 4 _
Betasing 3/4 - East arc wigglers % | A @ 2
Betasing 5/6 - West arc wigglers 40 [ v / N
Beam size is measured with 20 L 4 ‘ -
the Xray beam size monitor / | i
KnOb Setting — 0 CorreSpondS tO [—)ECICI -150 -100 50 4] 50 100 150 EEJD EiSCI 500
Knob settin
conditions after low emittance tuning g
procedure.
The spread (37pm < g, < 60pm) in minimum beam size is ~minimum

presumably due to knob hysterisis
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Consider the dependence of beam

140 T

Xray beam size Measurement

model

size on Betasing 1 (the knob that mossurement | ¥

effects n,m’ in the LO wigglers)

120

100

80

Model dependence of vertical emittance on
Betasing 1 is indicated by the black circles in

BO

wertical emittance [pm)

the plot.

40

We assume Betasing 1 = 0 corresponds to Y

zero vertical emittance. (The model 50

machine)

@~/ I

The measured beam size is indicated by the
triangles

100

150
Knob setting

200

250

30C
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If we assume a residual n, ~ 1.7cm

Xray beam size Measurement

then ¢,(0)~ 35pm 40 froodel el .
(we measure residual n,, ~ 2cm) v
O e e R
. . RMS residual vertical eta = 1.7cm ]
Again, according to the model . N k- .
calculation, dependence of ¢, on 3 ¥ "
Betasing 1 is black circles g
S 80
Model and measurement are S o
in reasonable agreement Y
20
Conclusion from lifetime and "0 50 100 150 200 250
Xbsm measurements is that b sane
g,~ 39pm
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Low emittance tuning

- limited by finite 1,
- Identification of the source
requires better measurement

Consider the effect of sextupole misalignment

The measurement

1. Correct (flatten) orbit

2. Correct coupling with skew

3. Measure -phase and co

4. Turn off all sextupol
and re-Measure B<phase and coupling

ads
ing

The RMS phase difference is ~ 1°

The RMS coupling di IS~ 4.2%

The measured coupling corresponds

Cata: sextupoles off
Ref: sextupcles on

| IHUrizlantaI IF’hlms‘:e [deg] [Dnljtal - R"Ief'lI

2005—JaN—28 17:10:1:

T CTA_Z035MEV_20051 1C

Dat: phasa.07 640

1 Ref: phoae. 07861

CESR Set: 126326

4 FRoute: HIGHTUME _STAN]

RME = 13277

o | Awerage = D000

BM5 = 1065

1 awerage = D.OOO

T RMS = 0.064

1 Averags = -0.006
"3 RMS = Qu0d42

o Average = 000G

3 RME = 0.058

to systematic sextupole vertical g e s
offset of ~1mm
Direct measurement suggest some such offset!
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Analysis tools

CESRYV is the code that provides

- access to control system to make measurements of
orbit, B-phase, transverse coupling, dispersion
- analysis of measurements
(wave analysis, fitting [model to measurement], calibration, etc.)
- access to the control system to load corrections to
steerings, quadrupoles, skew quads, sextupoles ...
- data manipulation - plotting, comparison, bookkeeping, etc.

CESRV runs on linux (as well as VMS)
- Linux / control system communication is transparent to user

> Real time measurement/analysis/correction
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- Survey and alignment
Quadrupole offsets and rolls, and bend rolls within tolerances

- Quadrupole focusing errors corrected
- Coupling corrected < 1%
- Vertical dispersion ~ 2cm (the goal is 1cm)
- Measured vertical emittance (lifetime and XBSM) ~ 35pm

(— corresponds to n,(RMS)~ 1.8cm)
— Residual vertical dispersion dominates vertical emittance

- Our ability to correct vertical dispersion limited by BPM resolution
-Implementation of digital BPM electronics (May-June 09 run) will provide required
resolution/reproducibility
[Candidate source of dispersion is sextupole misalignment
(Developing a plan for measuring and correcting offset errors)]

- Analysis software and infrastructure is flexible, well tested, and mature
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AC dispersion measurement

NJ(AC

Achieving emittance target
depends on reducing vertical
dispersion to < 1cm. Presently
limited by marginal quality

of measurement

AC technique may give
Requisite resolution but
not yet

April 18, 2009
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q  Awarage =

] 2008-JaW-—24 144331
J CTA_2085MEV_20051 107
7| Dat: ac_ata. 00053

1 Ref: NOKE

CESR Bet: 128309

Foute: HIGHTUME STANDARD
FMS = 0.237

fverage = D000

BM5 = Q0GER
—0.0e1

2008—JAN—24 144723
CTa_2085MEY_200581 107
[at: eta.0CBEZ24

Fef: MOME

CESR Set: 126300

RMS = Q.G78

tvarage = —0.037

T4 BEM3 = Q30

J Awverage =

— 0. 04
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Dot eta.DO7EE w 20
Ref: MONE |
CESR Setr 1268110 9
RME = 0D.1E8 Y F
fverage = —0.077 —20-
—40C 1 |
o 14
RMS = Duoea GIOE T ]
Avarage = —0.005 E}l}5:
N
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- -
Ll E
—C.Ch
—mioE 1 |
B 14
RMS = a8 [0 [n ) =y T
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) E
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—gobE 1 |

2005—JAN-0B 22:P3:33
CTA_Z035MEY_ 20081107
Dat: ata.0GTEE

Fef: MONE
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