SLAC E-158 Beam:

Setup, Instrumentation & Systematics
JLAB Electroweak Workshop, December 2006
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Outline

Beam Setup
* parameters and performance
* source laser and photocathode, helicity control
(see talk by G. Cates tomorrow)
« dithering coils, skew quad

Beam Instrumentation
 rf BPMs, toroids, spotsize wire array
* synchrotron radiation monitor

Beam Asymmetries & Systematics
* position, energy, charge
* spotsize
* beam parameter correlations and higher order effects
e synchrotron radiation
e target density fluctuations



E158 Beam References

Source Laser System (+ minimization of beam helicity correlations)
* B. Humensky et al., SLAC-PUB-9381, 2002. Published in Nucl.Instrum.Meth.A521:
261-298, 2004. e-Print Archive: physics/0209067.

RF BPM Monitors
* D.H. Whittum and Y. Kolomensky, SLAC-PUB-7846, 1998.
Published in Rev.Sci.Instrum.70:2300-2313,1999.

Student Theses (8 Ph.D and 2 senior undergrad theses)
» www-project.slac.stanford.edu/e158/press_papers.html#theses

Accelerator Physics

* A Test of NLC-type beam loading in the SLAC linac, F.J. Decker et al.,
SLAC-PUB-10726, 2003. Published in *PAC 03* Proceedings, 2754-2756.

* Interlaced beams of unequal energy and pulse length in the SLAC linac for
PEP-I1 and experiment E-158, F.J. Decker et al., SLAC-PUB-9361, 2002.
Published in *EPAC 02* Proceedings, 885-887.

A High intensity highly polarized electron beam for high-energy physics, J.L. Turner et al.,
SLAC-PUB-9235, 2002. Published in *EPAC 02* Proceedings, 1419-1421.

» Beam stabilization in the SLAC A-line using a skew quadrupole, M. Woodley et al.,
SLAC-PUB-9233, 2002. Published in *EPAC 02* Proceedings, 1208-1210.

« High power beam at SLAC, F.J. Decker et al., SLAC-PUB-9359, 2002.
Published in *PAC 01* Proceedings, 3936-3938.



Parameter Proposal | Achieved E-158
Intensity* at 45 GeV 6x 10/ 53 x 101 Beam Param eters
pulse
Intensity™* at 48 GeV 3.5x 10" 4.3 x 10"
Polarization 80% 85-90%
Repetition Rate 120 Hz 120 Hz
Intensity jitter / pulse 2% rms 0.5% rms
Energy jitter / pulse 0.4% rms 0.03% rms
Energy spread - 0.15% rms
Delivered Charge (Peta-ET) 345K 410K X 10
*(average current ~ 10 pA; 45 | ! ! ! I _____________ i

peak current ~ 0.3A;
beam power ~ 0.5 MW)

1 Peta-Electron = 1015 electrons

E-158

Physics Runs’.

Integrated Peta—Electrons

4" Run 1: Spring 2002
" Run 2: Fall 2002
" Run 3: Summer 2003
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Polarized Source Laser System

a2

IA Feedback Loop
. . POS Feedback Loop
IA cell applies a helicity-correlated | ] ]
phase shift to the beam. | Piezomirror can deflect laser beam

on a pulse-to-pulse basis.
The cleanup polarizer transforms

this into intensity asymmetry. Can induce helicity-correlated

position differences.

0 remotely me ters)
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Cathode Camera
target

Vacuum window
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athode Diagnostics
Bench

telescope

i S-band
Photocathode srebuncher (2856 MHZ)
{strained GaAs)
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Beam Asymmetry Feedbacks

Item Control Diagnostic
Intensity IA Pockels Cell Toroid (@ 1 GeV)

Position Piezo Mirror BPM (@ 1 GeV)

Algorithm: - measure asymmetry on a run with
I —— N pulses (typically 1-30K pulses)
- induce asymmetry on next run to
cancel measured asymmetry on
current run

Flash:Ti

Gives better than 1/sqrt(N) scaling
of charge asymmetry, position difference



il __ Laser Polarization Control
VN And Analysis

Electric Field Vector after PS Cell

¢ ¢

w M EIX ; :ﬁ ; s in Jones M_atrix notation:
. (§CV )
sin 5
Xy E)=) fopoon)_ (8
5 =COS(§CP)=— e AJF s COS( C%)
Stokes parameters X+Y U1 | 2 i
for laser polarization:s, =sin(5, )sin(8, )= ——
Uu+rv (S12+S22)+S§:L2+C2:1
. R—-L
s, =sin(Jg, Joos(Jps )= —— (ex. C=0.998, L=0.063)

Allow for imperfect Pockels cells and phase shifts
in downstream optics:

- — Olpg TApg —Opg TAps | = significant linear
olarization asymmetries

Sy ~—Ocp TAcp ~— Ocp -Acp P y

S, ~ — Olpg TApg ~ — Olpg ~Apg .




Charge Asymmetry
due to anisotropic strain*

]"""" I LI I rrri I rrri I rrri Sensitive tO
8000 . linear polarization
PS PITA slope —— .
6000 387 4 0.2 ppm/V In laser light
— 4000 **dof = 1.9/3
E 2000
< 9 CP PITA slope mfl—e ., 300ppm
-2000 13.4 £0.2 ppm/V L=0.01 Charge Asym
1000 12/ dof = 0773
~6000 b by sy ey v s by gy | Recall’ APV ~ _Olppm
-200 -100 0 100 200 and want ~ppb systematic errors!
ACP or APS (Volts)
Vow ~ 2700V

*Reference: R.A. Mair et al., Phys. Lett. A212, 231 (1996)
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(L-R) Position Differences observed at 1 GeV

ETN
S 06 F }
1 1

200 1000 100200 300 400 Data taken movine alone A. = 0 line
ﬁ] (V) g g 1
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200 -100 0100
Ap (V)

How do position differences evolve from photocathode to Expt Target?
* adiabatic damping: emittance is reduced as beam is accelerated
(I do not believe this is a significant effect; L-R position differences just scale with spotsize)
* should scale ~ with laser spotsize on cathode to electron spotsize at target
(for E158, rms spotsize on cathode ~5-8mm; rms spotsize on target ~1mm)
« should have position asymmetries at cathode, not angle asymmetries for electron beam
(good for position asymmetry feedback, but did have trouble getting
phase advance acceptable to 1 GeV point for feedback)
— can choose phase advance in Linac so position at cathode maps to angle at
target, but then get angle asymmetries at target
« implement Asymmetry Inverter for electron beam! Find 2 quad lattices related by
“-I” transformation — do this with scaling quadrupole strength to change # betatron
oscillations; tried this for E158 — not much success due to unstable position differenges

= oo
1 1 1 1 1 1 1

1 [
200 3000 400



Photocathode for Polarized Gun

High doping for 10-nm
GaAs surface

19 -
10nm 5x10 ‘::m3

/ overcomes charge limit.

Low doping for most of
active layer yields high

I-(-—GaAs
90 nm 5 x 101? cm™ GaAsg 5P 05 \
2.5 pm GaAs; 66P 0 34
GaAsq_, P
2.5 pm y'y polarization.
y=0 -> 0.34
GaAs substrate

Cathode for Runs 1,2: Gradient-doped
strained GaAs

1000 A

Active Region

25um

GaAs 640 36
Buffer

N
$€ Cathode for Run 3 sl
Gradient-doped strained "

GaAs(l_X)PX
Graded Layer

superlattice; 5% higher
polarization than for
Runs 1,2

GaAs
Substrate

(b)
compressive
strain
GaAs

GaAsP

Strained GaAs

GaAsP

Strained GaAs

GaAsP

Strained GaAs

30 A

40 A
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Source Photocathode for Runs 1,2

New photocathode from NLC R&D effort.
(T. Maruyama et al., SLAC-PUB-9133, March 2002;
published in Nucl.Instrum.Meth.A492:199-211,2002 )

10 nm 5 x 1 019 cm_g : High doping for 10-nm
17 4 GaA P GaAs surface overcomes [
90 nm 5x 10 cm aRS0,9570.05 S charge limit. =
\ é 70
) 066" 0.34 Low doping for most O *°
Gradient-doped GoA : of active layer yields § .
cathode 2.5 pm anS1.y Fy high polarization. =
structure. y=0 -> 0.34 Lg %
Q
GaAs substrate 30
20pp =
2510 —m———————————————————— ] 850 700 750 800 850
@ ] Wavelength (nm)
L 2107 - . . ..
- /
3 New cathode.~ < _ No sign of charge limit!
& 15102 | . . :
8 1 Very high-charge polarized electron
» : -
S 1107 ]  beams are possible.
O 11 o2 ol : . . . .
ui_l’ 107 "Old cathode Small anisotropy in strain results in ~3%
N : analyzing power for residual linear polarization.
250

0 50 100 150 200
Laser Power (uJ)
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Beam Helicity Control and Reversals

Timeslot 2

Beam helicity is chosen pseudo-randomly at 120 Hz
« use electo-optical Pockels cell in Polarized Light Source

« sequence of pulse quadruplets; one quadruplet every — (opaee

33 ms: R1R2EER3R4ER_4' o

Timeslot 1 Quadruplet

Physics Asymmetry Reversals:
* Insertable Halfwave Plate in Polarized Light Source
* (g-2) spin precession in A-line (45 GeV and 48 GeV data)

‘Null Asymmetry’ Cross-check is provided by a Luminosity Monitor
» measure very forward angle e-p (Mott) and Moller scattering

Also, False Asymmetry Reversals: (reverse false beam position and angle

asymmetries; physics asymmetry unchanged)
* Insertable “-I/+1” Inverter in Polarized Light Source

13



Techniques for minimizing PamA _'s
At the start:

—> ~1000 ppm, ~2 ym systematics
1) Passive setup:

= Helicity bits delayed by 1 pulse and RF modulated prior to broadcast.

= Collimation of laser beam and minimization of spot size at CP, PS cells.

= Image CP, PS cells onto the cathode.

= OTS brought to atmospheric pressure to avoid stress-induced birefringence in windows.
= Select Pockels cells and carefully align to minimize systematics.

" Null A, with Acp, Apg.

—> ~100 ppm, ~0.5 ym

2) Active suppression with feedbacks:

= JA loop & POS loop.
* Double-feedback loop.

—> <100 ppb, <100 nm
3) Slow reversals:

= Flip certain classes of asymmetries while leaving everything else unchanged.

= A/2 plates (2)

" energy (g-2 precession)

" asymmetry inverter
" These can provide cancellation of systematics, but they also serve as a cross-check
that systematics are well-understood. Multiple reversals are essential!
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rf Cavity BPMs for E-158

476 MHz

x6 Phase Mulitplier P Power Distribution
Voltage Controlled Phase Shifter Amplifier 30 dB I — T
A
LO Signal Cavity Signal
0 aa  RF Cavity
coupler BPM
DAC | I | ' I
l .
l | ixer
BPM Processior SCP
X Y e
|
| Rf cavities resonate at 2856 MHz
o e X cavity 1s TM,,,
Y cavity 1s TM,,
r . .
16 bit ADC Q cavity 1s TM,,

“ANALYSIS OF AN ASYMMETRIC RESONANT CAVITY AS A BEAM MONITOR”
(David H. Whittum (SLAC), Yury Kolomensky (Caltech). SLAC-PUB-7846;
published in Rev.Sci.Instrum.70:2300-2313,1999.) 16



Toroids for E-158

ASSET or A—line

ATA
VAV

Beam

Toroid

2/box

~30° large twisted pair

I

i\

[

Pre—amplifier
(differential)

RC —rings at 10 kHz

ASSET (upstairs)

calibration

or CHA input

signal
l output

~200° large twisted pair

~200° control cable

4 electron
6/ADC = B> beam
-
ADC - 16 bit -
2/box / \f\ :
ceramic aluminum rf
Absolute Value Circuit shielding
Ch.0
iron toroid
“doughnut”

Gain control and on/off
switch for pre—amplifier
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(L-R) Spotsize Difference Effects

1. Beam Intensity, Spotsize and Mixing fluctuations

. LH, Target density can change during the 300-ns beam pulse

. Incomplete mixing between pulses (hysteresis)

. Expect spotsize fluctuations (~2% rms/pulse) to dominate over intensity
fluctuations (~0.5% rms/pulse)

. No (L-R) feedback on spotsize differences — need to worry about
(L-R) spotsize differences

Hysteresis effects contribute jitter but not systematic biases (re. fast helicity switching)
- hysteresis effects can be large since it takes ~26 beam pulses at 120Hz for a
packet of LH, to traverse the 1.5m target length

2. Geometry: acceptance effects from dependence on position, angle
due to collimators and detector edges

. Moller Detector acceptance can be sensitive to beam spotsize

18



i) Incomplete mixing between pulses
. Flow velocity is 7m/s; 8 wire mesh disks introduce turbulence (at ~Imm scale, comparable
to beam spotsize) and transverse flow (xverse displacement ~4mm in 8ms) to allow
mixing between beam pulses (similar effect as rastering). Estimate ~300ppm density
reduction along beam path per bunch for our beam conditions
. Fluid in beam path for 26 consecutive pulses @120Hz
— expect fluid exiting beam path ~0.8% lower density than fluid entering beam path!

LH, Target

Reference: 1) J. Gao et al.. SLAC-PUB-9565, 2002.
Published in Nucl.Instrum.Meth.A498:90-100,2003.

heat
exchanger

Wire mesh disks: 1.5” 1D, 3.0” OD

Jitter from incomplete mixing (no asymmetry bias, due to random p-p helicity flips)
* 1% intensity or spotsize jitter is estimated to contribute 5 ppm to the pulse-pair widths
(contribution from the 2 of 26 previous pulses affecting the target density
that are different for the L-R pair; fast paired L-R switching very important!)
» fluctuations in the mixing are estimated to introduce an additional 10 ppm to the widths

— Total contribution to pulse-pair width is ~12ppm (small compared to statistical jitter)
19



il) Target density change during the beam pulse
Density will change on timescale corresponding to speed of sound, estimated to
be ~1 um/ns (or ~0.3mm /300ns during length of our beam pulse)

— Estimate of effective density reduction during pulse 1s ~0.2% for our beam conditions

Jitter contribution
1% spotsize or intensity jitter is estimated to contribute 20 ppm to the pulse-pair widths

Systematic Bias from Spotsize Asymmetry
Inm (L-R) spotsize difference could give 2 ppb "amA . (spot)!!

Note: beam rastering on target would not reduce this effect!
(unless it’s very fast: >1mm/100ns)

Need to measure correlations of detector widths with wire array
spotsize measurements & measure spotsize asymmetries

— actual measurements of correlation coefficients were smaller than
above predictions of 2ppb/nm

— data also showed that geometric sensitivity dominated over target density effects,
since different detectors (Moller rings and LUMI) had different coefficients

20



Spotsize Asymmetries for Runs 1,2,3

wireX2 vs. slug number |
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(wires get damaged from high power beam; broke V\éife in Run 1)



Wire Array Spotsize Correlation Analysis

SZﬂSxSy WT:aS'J(S)
=, 7 5,0(5.) 075,05, )]

S: spotsize measured by wire array

Wy detector jitter from spotsize beam A —
spot)=a, - (D
fluctuations LR( p ) S < S >
beamAp - (spot): contribution to detector asymmetry = - [72- Sx < Dy> + T Sy < D, >]

from spotsize asymmetry

\ssumne: \ o Iﬁ .'\” + ahﬁ

Define: Ji_ — \ | + 6&5

I
- o
o — L
- - "l+ Utl_
Then: OL = 5

100, g

'\ : Regressed Detector Asymmetry QL : Correlation Coefficient
DET

a : Arbitrary Scale Factor ﬁs : SpotSize Difference

RUN 1 RUN 2 RUN 3
Results:

beamA _(spot) (0.06£0.5) ppb | (0.8+0.7)ppb | (0.5=0.7) ppb

— < Ippb systematic uncertainty from (L-R) Spotsize
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Skew Quad, Spotsize and Beam Jitter

Beam at PR2
just upstream
of target

2001: no Skew Quad

Vertical beam stability
varies greatly

2002: SQ27.5 Added
(near end of A-line to ESA)

 emittance at end of Linac unstable
* horiz. emittance has large growth

in A-line due to SR
» take advantage of emittance

growth and use skew quad to couple

x and y and give stable beam on target
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Skew Quad Modeling Study

| Sensitivity to emittance fluctuations
. and mismatches
= B
S £ 1 . ) .
; z Red: nominal emittance
1 Blue: horizontal beta mismatch
2 | Green: vertical beta mismatch
2 -2 -1 0
X (mm)
2] Sensitivity to position and angle jitter
. 1
E £ 0 Red: on axis
- E Blue: horizontal betatron oscillations
> > ) o
-1 Green: vertical betatron oscillations
-2
-2 -1 0 1 2 2 -1 0 1
X (mm) X (mm)
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Let
A

Moller

A+ = AMoller
AMoller’ ALumi
for the MOLLER and LUMI detectors,

p is the target density fluctuation

=A) +A4

Lumi

—A

=A)

Moller

+ A

+4,, 4
A =4

Lumi

Lumi » Moller Lumi

2 2 2
Then O, =0, =40,

S, 1s the rms common mode noise

12

are the L-R pulse-pair asymmetries

5, (ppm)

(target density fluctuation is one contribution)

180

160f

140

120

100

ol

20

arget Density Fluctuations

200

8o

40

F Run 1 Data
Normal production runs
s om - -
"

skew quad off <

'
"

'

Typical rms pulse-pair widths for MOLLER detector is 190-200 ppm.
Expected rms width from statistics 1s ~155 ppm. 50 ppm contribution from toroid resolution.

' T T NN NN N A T T T T T T N T T T N T Y N
4900 s000 5100 5200 53100 5400 5500 5600

Run number

— Can set limit from this study of <50 ppm contribution to MOLLER rms pulse-pair
width from target density fluctuations for production runs
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Pulse-pair asymmetry distributions for MOLLER, LUMI

4
- 10 =
g e, = S e
B REAS 0 | pn - ST ppam
10’ Skew On B Skew On

. RMS: 492 ppm 10°

2
10 1[.'!]

10 10

=

-4000 -2000 2000 4000 1800 -1000 500 0 &OO 1000 1600

Out Ring Asymmetry (ppm) Front Lumi Asymmetry (ppm)
S e

R SERE225T0 pim

Skew On
_RMS: 223 ppm

Dramatic effect on OUT, '
LUMI but little effect on
IN, MID rings. 10°

10

—1 500 0 500 I:Il]ﬂ
' . Mealler Detector Asymmetry (ppm)
— likely a geometric effect, with sensitivity to beam position and angular on target
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Additional Studies for Target Density Fluctuations

Run Label | Spot Size(mm x mm) | Pump Speedispeed /nominal)
1 15x 15 1
2 1.0 x 1.0 1
. 3 1.0x 1.0 1
Skew Quad is ON i T .
for all these studies 5 1.5 x L5 2/3
] 1.0 x 1.0 2/3
7 1.0x 1.0 2/3
] 1.0x 1.0 2/3
9 15x 15 1/3
10 1.0 x 1.0 1/3

Table 5.2: List of target boiling data runs.

70c Calculated Common-mode Moise*

60F . .
. ™
50~ s * e * *
- . *Includes subtraction for contributions
e 40 : .
S 305_ From toroid and bpm resolutions
20;_ e Front Lumi
10 Back Lumi
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Asymmetries in Synchrotron Radiation

Spin-flip synchrotron radiation

—> A~1.4-10" in radiated power (for D3)

Spin-dependence of ordinary synchrotron radiation
i) transverse polarization in a transverse field ~<== Dominant effect for E158

—> A~3-10" inradiated power (for D3)
i1) longitudinal polarization in a transverse field

> A4~4-107° ‘up-down’ azymuthal asymmetry in
number of radiated photons

Effects for E158

- energy asymmetry in beam on target (A-line bends)

@r background asymmetry (spectrometer di@

28



Spin-dependence of Ordinary Synchrotron Radiation

Transverse polarization in a transverse field
refs: Bondar and Saldin, Nucl. Inst. Meth. 195, 577 (1982).
Belomesthnyleh et al., Nucl. Inst. Meth. 227, 173 (1984).

7 (253
P=P|——| —+ +...
o o) I 8 ( 12 77 Z :|
1 543 ] o - SR linearly polarized in bend plane
P, =F ' ZZ T 7 - SR linearly polarized perpendicular to bend plane
- - n = +1(-1) for spin parallel (anti-parallel) to B-field
2 ey’ 3 hy?
})0 - __. > sy =—"
3 p 2 2mmcp

For E158, E=48 GeV and p=153.4m (D3 magnet)

4 - P(n=+1)-P (n=-1)
P 2])0

4,=3.4-10"

=X
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SR Background Effect: Estimating PkedA, (SR)

bkgdALR(SR):fB(SR).Py -APM(SR)

MOLLER Background from SR, f;(SR):
Target OUT data gives f,(SR) = (0.15 £ 0.05) %. (E158 TN#44 and TN#55)

P, is estimated from:
1. y-corrector strengths in Linac, Aline

i1.  SLM asymmetry
111. X Dipole asymmetry

AP,,(SR) is estimated from:

- calculations of the SR asymmetry spectrum for P = 100%
- calculations of the SR spectrum that reaches the MOLLER detector and energy
response of the MOLLER detector for (0.5-20) MeV photons
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Py estimate from A-line SLLM Detector

synchrotron
radiation —

Overhead
View

1 cm vacuum
flange—

beam

e

|=
quartz bar”
b
mirror

photodicdes
SLM2 Asymmetry
(ppm)| |«—Pb shield
|45 | In H « 0978 + 0.098 [45 | M + -1.060 £ 0.118 | 45 | In I M 0.478 + 0.137
|45 | Qut H -L115 0,107 145 M 21023 +0.130 | 45 | Out M 1.265 +0.135
148 | In }-o—{ 0.895 +0.135 148 | In H L.648 +0.125 |48 In M 0.675 £0.122
|48 | Out M 1.158 £ 0.137 | 48| Out H.oss +0.126 |48 | Out H 0.883 £ 0.124

Run 1

Run 2

Run 3

Pattern of sign flips with half waveplate and energy is consistent with expectations for
Vertical polarization. Get good cancellation from energy flips!

RUN 1 RUN 2 RUN 3
SL.M2 Asymmetry [ (-305 =+ 57) ppb (+378 £ 61) ppb (+37 £ 62) ppb
P, (052 | (0.6 (+0.122 )%
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P, estimate from MOLLER X Dipole asymmetry

MOLLER xdipoles
RUN 1 RUN 2 RUN 3
(ppb) (ppb) (ppb)
IN -75 (39) -35(37) -51 (31)
MID -69 (33) +44 (31) -47 (26)
IN, MID 71 (25) +11 (24) -49 (20)

Transverse polarization data give:
AP(IN) = (-3900 £+ 150) ppb; AP(MID) = (-2800 + 230) ppb;
AP(IN,MID) = (-3250 £ 150) ppb

P, from MOLLER xdipoles

errors on Araw

RUN 1 RUN 2 RUN 3 Runs 1, 2, 3*
IN, MID (-22+£08)% | (03+0.7)% | (-1.5+£0.6)% (-1.2+£0.4) %
Moller stat * 23.1 ppb 23.0 ppb 15.2 ppb

*used for combining Runs
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Asymmetry in SR Flux from Spectrometer Dipoles

SR Power asymmetry for P =1 is ~34ppm.
Energy—dependenceb above the critical energy (~1.5 MeV),
Ag =2 S0, 5 MeV photons have ~100ppm asymmetry

Ebeam

10 10

10° > 10°
g
@
£ n° g n'
£ >
) (]
g 107 E 107
3 s
: i
[ i
z o
Y o

10° z

1o I I I I I I I I I e | | | | | | | I |

o 2 4 & & 10 12 14 1 18 20 o 2 4 6 8 10 12 14 18 18 20
SR Photon Energy (MeV) SR Photon Energy (MeV)

What i1s MOLLER AP for SR?

Power weighting for generated SR spectrum: AP = 34 ppm
+ include MOLLER detector response: AP =63 ppm

Estimate 4P (SR)=(63+30)ppm
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bked A, ~(SR) Estimate
bkgdALR (SR) — fB (SR) ' Py ' APM (SR)

f3(SR) = (0.15 %+ 0.05)% from farget out data

P, use MOLLER dipole analysis

APM(SR) (63 + 30) ppm from calculations of SR flux and asymmetry,
and MOLLER energy response

Sed A (SR) = (0.0015+0.0005)- (P, )- (63 +30) ppm

RUN 1 RUN 2 RUN 3 Runs 1,2, 3

P (22+£0.8)% | (03£0.7)% | (-1.5+0.6) % (-12+0.4) %

y

bked A (SR) (-2.1£0.8) ppb | (0.3£0.7) ppb | (-1.4£0.6) ppb (-1.1+0.4) ppb
LR

— 1ppb systematic uncertainty from SR Backgrounds
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Ap, Corrections for
Beam Asymmetries

¢d ot where: @, : detected flux (20 million Moller electrons/spill)
Eg* | :  beam intensity
~ oynys 'L -acceptance E:  beam energy
(¢det phys P ) €. scattering angle

If assume dependence on beam parameters is linear over the jitter range:

A,,Tlfas= P, A/fl’/’ys-f- AQ + Zag AE Contribution due to
‘False’ beam asymmetries

t={E x y. x, y}

ag ~ 1 ppb/ppb

a, ~1ppb/nm «a,, ~2 ppb/nm |
o, ~1ppb/nm  a, ~2 ppb/nm )

———————————————————————
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(L-R) Beam Parameter Differences
In Runs 1 and 2

|Charge asymmetry vs. slug number | + 25, out
- e 45, in
_ 1sE { 0.367 +/- 0.232 ppm |- 45. out
E E = 48, in
= 10F
= E I
g 5:—’ 1
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Slug Number
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00T b s b b e b bl
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Slug Number

| Energy difference vs. slug number | + 45, out
1] =9 o 45, in
_ 405— 0.402 +/- 1.303 keV/ |+42 out
E 30;— =48 in
= nE
s ot d g
g 174 Ao .
L It g et
£ -10E I i' l
g -z2of }
20 l
El o e vy s by e by o by s by e by
] 5 10 15 20 25 30 a5
Slug Number
|Target Y difference vs. slug number | * 45, out
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i I { + 48, out
T o l] % 1} ],{{:'ETJI'TT :!;H'] i F5 ] % I°4E-i"
- LTI AR SRR 1T T
g L U} I
£ 100
£ R
o -1501
- } -9.881 +~ 3.314 nm
-'EDD_Illl||||||||||||||||||||||||||||||||||||
] 5 10 15 20 25 30 a5
Slug Number
[ Angle Y difference vs. slug number | 45 out
[ a 45, in
o0 5.059 +/- 2.638 nm |- 48.out
E‘IDD— ’ o 48, in
E._ -
8 so- ] :
R LA L LI e 1,
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2 Timeslots @ 120Hz — 2 Experiments

Source feedbacks keep average beam asymmetries small, but asymmetries on each timeslot

can be large!

Charge asymmetry vs. slug number | - ts 1
30T } L ts 2
£ 20F toph o
& F | tgpth ¢
e ety ;
Bop gt tlee gt BTyt gy
C i t
E-m:—t TN
5 20g 1 i [ t
T i ; |
0 5 10 15 20 25 30 35
Slug Number
o FRaw, ts1
o Raw, ts2

Raw and corrected Moller monopole

= Corrected, ts 1
= Corrected, ts 2

Asymmetry (ppm)

I15I - I2[II a I25I a
Slug Number

s T TTTTT
&n
—
=

30 35

‘ Energy difference vs. slug number | - ts1
150— i - ts2
B b
;100_ } 4} P :
e 50_—] ' (g b
o o l.sts * Py oy 1 opedgd gas
o “LTET s, gt d By, 1P
G 50— SRS b t
L1001 i ;
O.150- :
'200_|'. ..I....I....I....I....If...l....l....
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Slug Number
o Raw, ts 1
o Raw, ts2
; 5 + Corrected, ts 1
| f{aw and corrected Mid Y dipole r Commetd a2
E 4F
&
L -
£ 0F
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E -2
E E
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< of
-8k |||||(}|?
0 L 10 15 20 25 30 35
Slug Number

— Use this “feature” to measure uncertainty in 1st-order beam asymm. corrections

1%-order beam asymmetry correction to Ay, is (-9.7 + 1.4) ppb




Higher-order Beam Asymmetry Corrections

¢ (L-R) Spotsize Difference effects described previously: 1ppb systematic
¢ dominant effect determined to be from time-dependence of beam parameters
during 300-ns pulse

fime fime

(e () AE(1)) # (e, (¢)) - (AE()

True Ay correction # Calculated Ay, correction
(also can have a similar effect from target density changes during 300-ns pulse)

Several tools to estimate size of effect and systematic errors
* use detector monitors which are much more sensitive to beam parameters than
MOLLER monopole used for A,,, (ex. dipoles, OUT monopole, LUMI)
* use sensitive detector monitor measurements and beam Monte Carlo to estimate effects
« for Run 3 implemented “slice” monitors

Higher-order beam systematics for final Ap,™* is 3 ppb.




Enar oy

Beam Systematics Monitors

Moller Detector E vrs B, smeared

Tttt
o ;#FFF;F HU . E Use radial and azymuthal segmentation
ook L i of Moller detector to construct ‘monitors’
o E that have much larger sensitiyity to beam
i JFI{ parameters than the Moller ‘monopole’

N :

S _

Beam Detector Monitor Monitor slope /
Parameter Moller monopole slope

E (OUT-MID) monopole 11

X MID xdipole 20

Y MID ydipole 35

X’ OUT xdipole 37

Y’ (OUT-MID) ydipole 52
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SLICE Measurements in Run 3

SI S2 S3 5S4

* SLICES readout in 10 bit  wwses |27 e —
ADCs éu.z;— ......... S ___________ ...... Waveform

Q bpm31Q (4) n15_ | - ........... ............ ............ ........... ...........
E bpm12X (3) - L R S

X :bpm4l1X (4) - . VRN S
Y :bpm4lY (4) v R Aottt S
dX : bpm3 1X (4) Integration time :

I bpnIY (8 L,

S3 : 200-300 ns
S3 : 300-1000 ns
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SLICE Analysis for OUT Detector in Run 3

* OUT detector at edge of Meoller acceptance most sensitive to
beam systematics (on/y used in Apy, determination for Run 3)

e Useitto

set limits on the grand asymmetry

A
P

T
o 04|

0.2

Chi2 I ndf& 38.04 /36

OUT asymmetry with SLICE correction
= T Prob =n.333‘57-/

p0 =-0.01217 +£0.02587

0.2 |-

04—

0.6
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E158 Beam Summary

Ap, Corrections from Beam Asymmetries

Source AA (ppb) f
Beam' (1% order) 97+14 -
Beam (higher order) 0+3 -
Synchrotron photons 0+£1 0.002 £ 0.0001
L A > A4 P, =0.89£0.04
Py P, ¢ - Zf ¢(linearity) = 0.99 +0.01

45IN

$ouT

48IN

#ouT

Average

]

11.8+ 4.4

-14.0+ 3.2

24,7+ 3.2

-4.0+ 1.9

0 A 20 0 20 4 60 80 100

Run 3 A, Corrections (ppb)

Helicity reversals from energy
and half-waveplate important
na: 4z |t0 minimize beam asymmetry
corrections and systematics!

/'

half-waveplate states!

Good consistency in A,y
for independent energy &

E/HWP state

45/IN

45/0UT

48/IN

48/0UT

Run I-11I

—— 147427

—— -129+28

=] -119:26
=

-137+ 26

= -131+14

1
=300

=250 =200 =150 -100 =58

Mgller Asymmetry (pph)

[



Additional Slides
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“-I” Asymmetry Inverter

Polarizer ‘ x1> ‘371 >

LASER[— Optical Transport / Imaging ——>
CP PS System to cathode

Insertable
POCkClS POCkClS “_I” or “+I”
Cell Cell

%) has some asymmetry (A, A,.) between left, right states (x’=dx/dz); A, =(n), ~(x),
A

xi L
~\ _ X M, M i . "
Let |5)=M|x) {f}:{ ! lz}rﬂ (imaging condition: M,,=0)
X M, My |x
r A. =4
v I 0 _ T x
Idea: “+1 M = > A=A
10 1 50w
79 __1 0 A. =—A
-1 M = > . &
0 -1 A.=—A.
= X x|

Alternate running with “+I” and “-I”” will give

(4,)=0
(4,)=0
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Setting the CP, PS Pockels Cell Voltages

in Source Laser System
Electron Beam Charge Asym

600

E Gun Test Lab data
400

(75 £ 50)
200F ' il

OF (5752 £21) ppn®

Az (V)

=200

(-73 % 54) ppm
(110 359

(35 £ 60) ppm

(-191 £7) ppm

4003503000

Ay (V)

2

) 400

00

A,, A, are the offsets from the CP and PS

voltages determined to give circularly

polarized light with a helicity filter.

| Zero asymmetry line

Electron Polarization (arb. units)

Table 3

Typical operating voltages for the CP and PS cells for production of right- and

-0.040

-0.041 |-

-0.042 -

L0043 |-

-0.044

00391 FE158 Run 1
Ay offset =-15+/-32¥V

el et ——r—
600 -400  -200 0

P I S N
2000 400

Ay (V)

left-helicity light for E-158 2002 Physics Run 1.

P
600

CP Right | CP Left PPS Right | PS Left
HF Scan 2607 V 2732V Y Y
Af2 OUT Null TA 2574 -2765H -0 -9
A/2 OUT Polarimeter | 2582 + 40 | -2757 + 40 | -20 £+ 32 -24 + 32
A/2 IN Null IA 2736 -2603 -105 -109

A/2 IN Polarimeter

2667 + 39

-2672 £ 39

-159 £+ 35

-163 £ 35
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