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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
* Develop beam based techniques for characterizing beam position monitors
— BPM offsets, Gain mapping, ORM and transverse coupling measurements > BPM tilt
* 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
* Characterize current dependence of lifetime in terms of beam size

* Measure dependencies of beam size/lifetime on
— DBeam energy
— Bunch current
— Species
— Etc.
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Twelve 1.9T wigglers in zero dispersion straights yield 10-fold reduction
in radiation damping time and 5-fold reduction in horizontal emittance

wigglers
Plet file: BZ:BETA_ORBIT,PCM
Lat file: /home/dIr/lat/ cto/ctL2085 ev_20p8 1107 lat
Lattice: CTA_2085MEV_2008110

3
&)
-1 236 512 768
Energy [GeV] 2.085 10
Wiggler[T] 1.9 9
Qx 14.57 Ng
Qz [45MV] 0.055 s 236 512 768
8x[nrn] 2.6 10 . .
o, 6.76e-3 g
o,[mm] 12.2 %1 i
/E[%] 0.81 -]
% 256 512 768

z(m)
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Magnet Alignment

Survey network complete
- Quad offset 0 ~ 134um
-Bend roll o ~ 160urad

- Sextupoles o <300um
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Effectiveness of emittance tuning depends on
magnet misalignments and BPM performance.

We investigated correction algorithms assuming various combinations
of survey errors and BPM errors

Parameter Nominal | Worse | Status
Target June 09

Element Quad/Bend/Wiggler Offset [um] | 150 300 134
Misalignment

Sextupole Offset [um] 300 600 <300

Rotation (all elements)[urad] 100 200 160

Quad Focusing[%] 0.04 0.04 0.04
BPM Errors | Absolute (orbit error) [um] 10 100 100

Relative (dispersion error®)[um] | 8 20 40-50

Rotation|mrad] 1 2 ~10

(Button to Button Gain errors)

*The actual error in the dispersion measurement is equal to the differential resolution
divided by the assumed energy adjustment of 0.004
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Low emittance tuning

Vertical emittance (pm) after one at a time fit
(Orbit then dispersion then coupling )

Alignment

BPM Errors

Mean

90%

95%

[

Nominal

None

1.6

1.1

3.2

4.0

Worse 2.8 1.6 4.8 5.6
2 x Nominal | None 1.7 5.9 15 20
“ Nominal 8.0 6.7 15 21
“ Worse 11 7.4 20 26

With nominal magnet alignment,

we achieve emittance of 5-10pm for 95% of seeds
with nominal and worse BPM resolution
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1. Measure and correct orbit using all dipole correctors
2. Measure and correct betatron phase and coupling
using all quadrupoles and skew quads.
3. Measure orbit & coupling & dispersion
4. Fit simultaneously using skew quads and
vertical steerings

(Minimize 2, w,[kick;]* +w [k]* +w, o[An >+ w [C,]*)
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Modeling of correction algorithm

Alignment BPM Fit Ay,n,,C,, Mean |1 O 90% |95%
Errors

2 x Nominal [Worse |One at a time 11 1.4 20 26
Simultaneous 6.9 6.7 9.6 11.3

11 11

- 2 X nominal survey alignment
- 20um relative and 100um absolute BPM resolution

- 2mrad BPM tilt
— Correction algorithm yields tuned emittance < 12 pm for 95% of seeds

Alignment 1s close to nominal
BPM resolution close to worse (even now with existing system)
but BPM tilt ~ 10mrad (systematic measurement error)
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Measurement and correction

Low emittance tuning
Experimental procedure

LET - initialization
-Measure and correct orbit using
all dipole correctors
-Measure 3-phase and
transverse coupling

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

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

| Hlorilzoqtall Plha:se I(d?q)l [Iljatlo - [I)esliqr)] '

Char [Data — Design]

C.10 T T | L 1T T E
Y| C.Co % —:
— -
5 © =
O 3
(W =

20C8—JaN—-CE 16:59:18
CTA_2085MEV_20081107
Dat: phaoaa 07536

Ref: NONE

CESR Set: 126030

Route: 45_CHESS_STANDARD
RMS = 2.642

fwverage = 0,000

RMS = 4,368
Avergge = 0,000

RMS = 0,032
Average = -0.002
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. ] — Hlorilzorl'ltall Plhu?elfd?q)' [IZI)utlo I?es;iqrﬂ T D003_JAN_25 00:25:50
Low emittance tunlng - . glﬁggzn_g\;_sza%daﬁov
Experimental procedure 1 O

W] Route: HIGHTUNE STANDARD
fverage = 0.000

=20 1 1 1 1 1 1 1 | 1 1 1 | 1 | 1 | 1 | 1
u] 10 20 e 40 S0 EC 70 B8O ac 100

LET - initialization
-Measure and correct orbit using a0 ——r—v2lical Phase (deq) [bata - Design]
all dipole correctors -
Remeasure - ( /(A¢?) < 1.5° ol b b
-Correct transverse coupling using 14
skew quads. Remeasure (1/(Cfs) ~ 0.6%) ~_, o

RMS = 1.323
| Average = 0.000Q

"4 RMS = 0.00&
4 Average = D.001

¢y B0
©

o 0
io]
O _pes

—-C.10

B-phase and coupling after correction
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2.4cm residual dispersion

Low emittance tuning

Harizontal Orbit (mm) [Data]
T L B T T T T ™ ] 29-Jon—09 0G:30:11

Orbit T R
.y A ok é R Set: 126345
A feature of the orbit is the closed ‘

horizontal bump required to direct B xBSM bump
Xrays onto x-ray beam size monitor

] Averags = -0.378

™J RNS = 0835
_Z fverage = D.OBS

-Measure and correct vertical dispersion
using skew quads (14) and vertical
steering (~60)

] 2009-JAN—29 00:30:11
] CTa_2085MEY_20081107
7 Dot: eta.0CB35
1 Ref: NONE

CESR Set: 126345
] RMS = 0.957
1 Aaverage = 0,759

1 P 1 1 1 1 PR T
i} 10 20 3G 40 50 6C 70 80 o 100

Residual vertical dispersion
RMS ~ 2.4cm - Signal or systematic? 02T T
Accuracy of dispersion measurement is—— >
limited by BPM systematics

RMS = 0.024
1 Average = -0.003

Il 1 1 1 1 L 1 L Il 1
0 10 20 k1 4 S0 BC 70 [:[u] G 100

Note: Residual vertical dispersion Icm, corresponds to €,~ 10pm
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2.4cm residual dispersion

Low emittance tuning

: chrizoptull 0|rbi|t (Imm)II'Dlatq] —

o 3 28-4on03 0030:1
A feature of the orbit is the closed ; : 4L Ao
horizontal bump required to direct B s T xBSM bump
Xrays onto x-ray beam size monitor ol ok (pm fpaig]

_Z fverage = D.OBS

i '

—4.0: 1 | T I 1 1 1 I 1 L | - l 1 [
0 10 20 3 40 50 5C 70 8O 4] 100

-Measure and correct vertical dispersion

Horizontal Dispersion {m) [Data]
—T T [ T T " T 7 LA L B ] 2008-JAN—28 00:30:11

using skew quads (14) and vertical L 20f i ] CIA2SESMEG 2008 107
. —~ O o b TS W] GRS oeus
steering (~60) I S 3 AR
_4‘00- ! 110 ' 2i0 I 3G ' 4l0 ! 510 ! BG I 7l0 ! BiO ! 14 ! I-O

Residual vertical dispersion

RMS ~ 2.4cm - Signal or systematic?
Accuracy of dispersion measurement is—— >
limited by BPM systematics

RMS = 0.024
1 Average = -0.003

Note: Residual vertical dispersion Icm, corresponds to €,~ 10pm

June 25, 2009 CTA 09 Cornell University 12



Cornell Universi ’
L:lggfatg; 1f?(l)err§lite}r’nentary-Particle Physics B P M S y S te m atl C S

Horizontal Dispersion (m) [Data]
T T ] I I T l T I

A0 T T T T T 1 [ 4 2009-JUN—=12 22:44:19
B 1 CTA_2085MEV_20090516
x 2OF Dat: eta.00854
| C Ref: NONE
o 04 CESR Set: 127358
= ] 1 RMS = 0.936
_2'0:_ _: Average = 0.737
—4‘0: 1 | 1 | 1 | 1 | | | | | ] | | | ] | 1 8
0 10 20 30 40 50 60 70 80 90 100
Vertical Dispersion (m) [Data]
0.2 e e e e RMS = 0.026
B 1 Average = 0.000

0 10 20 30 2‘8\50 60 70 80 90 100

Ny~ N pMtirt ~ 25mrad tilt ?
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Lifetime

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

The Touschek parameter (b) decreases with:
- increasing beam size
(introducing 1, in damping wigglers)
- increasing bunch length
(reduced accelerating voltage)

0.16

> Nominal - low emittance
Dispersion bump in L0 wigglers
Reduced accelerating voltage (3.2MV)

o

[ —

B
T

(o]

.n/;/

=
'—l

0.08

0.06

Inverse lifetime [mi

0.04

0.02

1.5 2 2.5
Bunch current [mA]
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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)

Tracking model includes: SURVEYFLATTEN_CTA_2085MEV_2008 1107.LAT_M SURVEYFLATTEN_CTA_2085MEV_2008 1107.LAT_M
da 2009—FEB—10 08:40:16 da 2009-FEB—10 11:57:41
-m'agnet mlsahgnments . . 15 : : | dG_ctlf.pcm : 15 : I | dG_ctlf.pcm I
-wiggler and quadrupole nonlinearity oo oo
-Orbit errors e §E /E=0.015 Q_x = 0.55997546314" e E/E=0.018 Q_x = 0.55997546314"
=1p | e 6/E —002 Oy = 06MW9B726EPSE~ ., | e 6/c -00f9 Oy = 0619987266pSE
g —3 o, {e=Tum) 0Q_z = -5500135777 64-'% —3 o, {e=Tum) 0Q_z = -550013577764
—>FEnergy acceptance ~ 1.8% ~ =
< <
L — — L — —
£ 7 £ 7
v v
QO QO
=] ¢ =]
a f a
Sol \ 18t -
IS) IS)
L2 L2
o st l 183} .
Nonlinearity of dipole i
correctors and sextupoles gl el ) o
has not yet been included. -5 -0 -5 o 5 w0 15 -5 -0 -5 0 5 10 15
horizontal displacment (mm) horizontal displacment (mm)
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Touschek lifetime depends on
beam size, energy, and energy acceptance

Determine energy acceptance experimentally
by measuring lifetime vs energy offset

18

AE/E~1/ocp(AfRF/fRF) 18
—Energy acceptance > 0.8% i

12

—_
(]

It remains for us to reconcile
measurement and tracking
calculation of energy acceptance.
Increased energy spread from
Touschek scattering?

[e4]

1flifetime [min™ ]

0 ® ® ® . i
0.5 06 0.7 0.8 09 1

Delta E/E [%)]
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Collective Eftects

Calculate Touschek parameter vs accelerating voltage for:
- dynamic energy acceptance 0.8% < AE/E <0.9%

- €, (zero current) 0.5% ¢, and 1% ¢,

And assuming no IBS

Touschek Parameter {ma-hr)

1.5

Accelerating Voltage vs. Touschek Parameter No IBS

B———ag
! S
"( \"\
/ B
e
.‘.f —
L.~ s e B ™~
- S
T, o
/s e
1} 7] -
/s W
,// ; i O \“\\&
A s
d, e R b9 9 B
- o PES
R
/f Vs 4 e 9
7 /+ Y
0.5 /E' / —+—-12.93 pm, 8%
;" Open circles are —- 25,86 pm, 8%
A7 ¢ —-12.93 pm, 9%
% measurements —O- - 25,86 pm, 9%
© 12 Jan 2009
“ 13 Jan 2009
0 1 1 1 1 1 1 1 T I ]
0.5 1 1.5 2 25 3 3.5 4 45 5 55
Arcelerating Voltage {MV)
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Horizontal Emittance vs. Current Vertical Emittance vs. Current
"r 40 -
+  1293pm |+ + 1283 pm g
a o
10F 25.86 pm = o 25.86 pm
% 351 g O
+ o
+ o B
9r + a a
+ s B g @
“é‘ + o e 1 o [u]
£ 8 + o 15 =
@ u] i) m]
b= + m] ® o
5 o 3
£ + o =
&5 T + ;O e
£ E 2 :
2 & + ] -
oy X +
= & g “ a0t + + v 7
§ o F
+ m] R S
Sk + *
o +
+ - .+ &
15 + +
4l + 0O +
a
+
3 o 1 1 1 1 1 1 1 1 1 1 10 1 1 1 1 1 1 1 1 1 ]
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5 0 0.5 1 1.5 2 25 3 3.5 4 45 5
Current (&) -3 Current (&) -3
%10 %10

Dependence of emittance on bunch current
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Calculate Touschek parameter vs accelerating voltage for:
- dynamic energy acceptance 0.8% < AE/E <0.9%

- €, (zero current) 0.5% ¢, and 1% ¢,

With IBS

- assuming zero current € 1S
due exclusively to residual 1,

Then lifetime measurements
suggest zero current beam size
<< 12pm

Touschek Parameter {ma-hr)

Accelerating Voltage vs. Touschek Parameter IBS Ratio=.002

2...
_,-4—’"8
B ““\\ —+—-1293 pm, 8%
18F /,/ TO-~ | —C--2586pm, 5%
/ —t=-1293 pm, 9%
16F / T —G--2586 pm, 9%
e T © 12 .Jan 2009
14t / e TV © 13 Jan 2009
N ﬁa“ﬁ.ﬂ__ T+
12F g e T ~a
A s - A
1t / oty
"y -~
7% e
08 ra o
T
/! o]
06 /d/ O
/¥
04 :ﬁé/
+
02 1 1 1 1 1 1 1 1 1 ]
0.5 1 1.5 2 25 3 3.5 4 45 5

Accelerating Voltage (MV)

55

June 25, 2009
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Our plan 1s to measure
vertical emittance (horizontal 1s more difficult)
and lifetime vs bunch current

Also

Both Touschek lifetime
and IBS emittance dilution have strong
energy dependence. ~ E2 & E4

We will measure dependencies from 1.8GeV -5.3GeV
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« For each x-y position in the BPM there 1s a corresponding set of
button intensities. B, =1 F,(X,y)

- Measure B; and invert to find x,y

- If there are gain errors then
Bi/ g~ I Fi(X9Y)
- Multiple position measurements allow

)

74 ( ——— S
|

&%

a best fit determination of g.

- For measurement j

— offset
bz'j_gi'Ij'Fi(xj: yj)+bi

X2 — Z (b(;?eaS)—b(;wdel) )2

BPM index Fitted gains Fitted offsets Button sigmas
9W  |[1.000, 0.881,0.981, 0.861] | [92, 336, 142, 236] | [0.26%, 0.30%, 0.38%, 0.44%]
10W  {[1.000, 0.924,1.001, 0.977] | [115, 163, 133, 160] | [0.29%, 0.30%, 0.40%, 0.42%]
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BPM tilt Correlation Between Fitted BPM Tilts in
- “measured” ), ~ On, b hosr]
\Y% y=i.4 4 +1.0268x R=0.98736
where 6 = BPM tilt 100 —t
Since <n,> ~ 1m, BPM tilt v
E 50 /
must be less than 10mrad £ L
. . o . K.
if we are to achieve 1, <lcm P //“ |
g -50 - - .
We use ORM and phase/coupling /
measurement to determine 0. o ’
-150
. . -150 -100 -50 0 50 100 150
ORM data set ~ 140 measured orbit differences Data Set 1 Tilt (mrad)
- Take data set 1
- Vary 8 skew quads and repeat Correlation of fitted BPM tilt (0)
- Take data set 2 AO < 10 mrad

Fit each data set using all quad(k), skew(k), BPM(0)
Consistent with Ogp,,(Ax) ~35um
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- Measurement of C,,, C,,, C,,
discriminates BPM tilt and transverse
coupling (C,, independent of tilt)

DfSi.c’"], — l_jmlite]d *

G0

N BosE 3

Cl1 & C22 measure tilt of 8:&‘1’2 NN E
beam ellipse K

+Limiteds+

(which can easily be
confused with tilt of BPM)

+
1l IIIII T Illl 1l

C12 measures component of
vertical motion that is out of
phase with horizontal

( ~ insensitive to BPM tilt)

Lo Door Lone =

—_
olun

2008—JaN—-28 00:25
CTa_2085MEY_20081
Dat: phase. 07685
Ref: NONE

CESR Set: 126345
RMS = D.177
Avergge = D001

RMS = 0.579
Average = -0.072
RMS = 0.105

fverage = -0.D13

Quality measurement of C11 & C12 would give a direct measure of tilt

June 25, 2009 CTA 09 Cornell University
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- Measurement of vertical beam size is essential
and we are very close to having it -
(Dan Peterson and John Flanagan will tell us more tomorrow)
- Measurement of horizontal beam size is also important
(Just how important and what are the possibilities?)
-To completely characterize IBS
(which is probably necessary if we are to distinguish
IBS from e-cloud effects)
- We will need to measure beam size at 1.8 to 5.3 GeV
Is that possible with xBSM?
- A complementary measurement of beam size would be great
Measurement of radiation pattern of vertically polarized visible light
promises to provide just that. Are we getting there? What is the priority?
- Measurement of BPM tilt (gain errors) < 10 mrad (equivalent)
is critical to dispersion measurement
Is gain mapping the right strategy?
Or better to devote effort to improving quality of coupling measurement ?
Are there other systematic effects compromising the orbit measurement?
and/or are there other strategies for identifying them?
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e Precision dispersion and coupling measure requires CBPM II modules
e Low emittance tuning controls
= Coupling controls
= Vertical dispersion controls
= Low strength sextupoles (uniform ?)
e Instrumentation
= BPM -tilts-C,; & C,, vs C\,
= BPM nonlinearities
* Function F(x,y) depends on chamber geometry
= Measurement of betatron phase advance for different bunches in a train ?
= xBSM
= BSM (visible light)
= Scraper measurement of tails
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