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JLab E12-09-005: The Measurement of a Lepton Lepton
Electroweak Reaction (MOLLER)

| Parameter | Value |
FE [GeV] ~11.0
E' [GeV] 2.0-9.0
()(.‘”l 500‘1300
(}M) 0.26°-1.2° Detector Signal
< @Q? > [GeV?) 0.0058 t
Maximum Current [;tA] 70 Helicity States
Target Length (cm) 125
prgt [g/em®] (T= 20K, P = 35 psia) 0.0715 M Va _
Max. Luminosity [cm~2 sec™!] 2.4-10% A A A o 3
o [uBam] ~ 60 ll l ‘
Mgller Rate @ 65 pA [GHz] ~ 134 Avt Aud Ast Auins Az 4 Ayging
Statistical Width(1.92 kHz flip) [ppm/pair] e : ' e
Target Raster Size [mm] 5%
Production running time 344 PAC-days = 8256 hours e Integrate counts over each helicity state at 1.92 kHz
AAyqw [ppb] ~ 0.54 e Yields normalized to the Beam Charge Monitors
Background Fraction ~ (.10
be:um ~ 90% . . g . _
< Apy > [ppb] ~ 32 * counting statistical width = 91 ppm, to keep the beam
AA il < At > 2.1% intensity measurement an insignificant source of noise:
§(sin® Ow ) stat 0.00023 BCM resolution ~10 ppm

MOLLER CDR
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Experiment Requirements on BCM

MOLLER science goals require precision measurement of (false) beam-induced asymmetries:

e Rapid flips of the longitudinal polarization of electrons: 2 kHz (0.5 ms) helicity flip rate

e Beam charge asymmetry measurement with 10ppm resolution:
RMS, ,—RMS,
RMS,,,+RMS,

o “double difference” b/w two BCMs (asym_A - asym_B)/2 < 1e-5

o asym =

Parameter || Jitter requirement | Achieved | Resolutionrequirement | Achieved
Charge < 1000 ppm 500 ppm Qppy 65 ppm

Energy < 108 ppm 6.5 ppm

Position < 47 pm 48 pm < 3 pm 2.4 pm

Angle < 4.7 prad 1.4 purad

Information from Moller CDR

e Current state of the art (Qweak): ~65ppm for 480 Hz window pairs (960 Hz helicity flip)
e Best bench test result (Moller CDR): ~42ppm for 960 Hz window pairs (1920 Hz helicity flip)
e This new BCM device: bench test 8.1ppm, beam test 24.5ppm for 2kHz helicity flip

The Direct-sampling Digital BCM for the MOLLER Experiment at Jefferson Lab



Standard Hall A BCM System

e Analog mixer
e Limitation (most likely): Local Oscillator amplitude and phase noise

_ Hall A counting house
Experimental Hall A
Synch, signal
AC anplifier and
mus to DCconverters Scaler

= > D
10k Hz down-corwerter 2 sDC
-~
> msDCH»—{Vi

7 Fl—l_
AC
HP345 8A, - et
Multiraeter EPICS :;
=TT 10¢
I_ Ivfultiraeter

Dovmstrearn cavity -

= |Triax cable (50m)

¥

CODA (Experimental Hall A dataacqg. system)

1456 950 MBz AC amplifer md
mus to D Cconverters
= mas/D Cl—Hw—{V to F——
~ ms/D g— Vto
mas/D q— Vito

Denard, J.-C & Saha, Anirban & Laveissiere, G.. (2001). 10.1109/PAC.2001.987367.
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Standard Hall A BCM System

e Analog mixer
e Limitation (most likely): Local Oscillator amplitude and phase noise

, Hall A counting house
Experimental Hall A , = ]
Dovmstrearn cavity -
Bergez PCT {
et | | High speed digital ADC to directly sample 1.497GHz RF signals

* LDRD at Berkeley Lab (FY18 and FY19)
» Directly sample 4 channels of 1497 MHz RF input with high-speed
ADC at 3072 Msps (1st Nyquist zone)

\ /

Denard, J.-C & Saha, Anirban & Laveissiere, G.. (2001). 10.1109/PAC.2001.98736/. | |
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Y. Mei et al. arXiv:2110.09575, submitted to JINST Temporary installation

Beam test in Hall-A in Sept. 2020 location

3 pieces:

e 1 RF receiver box (3
rack-unit)

‘il
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TNNALAE D AR

b we w0 MW o 01
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e 1 server (2 rack-unit)

- R\WANE VAN

‘e 1 small desktop (can be
stack on top of the rack)

with a lot of help from John Musson, Ole Hansen,Caryn Palatchi, Kent Paschke

2 copies of cavity signals 6



Beam test in Hall-A in Sept. 2020

e Beam testin Hall A: Parasitic running during CREX (September, 2020)
o no beam, tune beam, 0-150uA
o didn’t sync with 120 Hz helicity flips

e 2 channels to take 2 RF signals from BPM4B and 4D (-40dBm@1uA)
= splitter (-3dB) = cable to counting house (-22dB)

= -22dBm@-150pA at BCM box

Intensity cavity (TM010) of BPM triplet (located after rasters!!)

Y N
Cavity A Cavity B

Electron Beam
............................................................................... )
Accelerator

A
/\) 1497 MHz (\' RF receiver
5 v -22dB
)1; cable loss /_\
CZO J
N
8
o -3dB -3dB
§ ] ‘&’ / \

To existing system
Data strea
C’(:J stream——
FPGA
’\/\ » " )LO
REF

10MHz REF

server

BCM
receiver



Signal Processing within ADC

1497 MHz @ 3072 Msps
(and also 39 MHz from aliasing)

= 2000 T
Input: 1497 MHz RF signal B lsoo| 0T
1. Direct sampling at 3072 Msps (14-bit, 10-bit ENOB) g 1000
& 500
x; = Acos2nf6;) £ ol ] M
= -500
where f = 1497 MHz, fsy = 3072 MHz, §; = fLs 8 -1000
0 § 1500 |
2. Digital Down Conversion (DDC) with tunable < -2000 : : : : : : : :
0 5 10 15 20 25 30 35 40

(numerical) LO t[ns]
Ii = X; COS(Zﬂ'fl 0,‘ + ¢), Qi = X; Sin(Zﬂ'fl 01‘ + ¢)

yi = I; +jO;, two freq.and fo—f1-

DDC=1485 MHz

. = 25000 . ‘ ‘
filtered out % 20000 | 71 MH?H Pl ke R 3
£ 15000 |
3. /16 decimation: keep 1 sample every 16 samples g 10000 ¢
(selectable between 4-32) 2 5008 !
fs = fso/16 = 192 MHz 5000
B -10000 il
o -15000
Final d 1 1/Q (16-bit each) at 192 M < 20000 ‘ | ‘ J :
inal data stream: 1/Q (16-bit each) at sps rate 0 0.2 04 0.6 - ]
(~2x400 MB/s) t [us]
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System Linearity test 1: in-hall test with two tones

Injected signals: 1497, 1497.1 MHz srd order intermodulation: -~
increases 3dB when main signal increased 1dB
o \
f1=11.995 MHz  f2=12.095 MHz 2+1-f2 2+f2-f1
| dBFS | -14.0 | -16.5 | -91.4 | —92.9

The 3rd order intercept point IP3 ~ -14+(-14-91.4)/2 ~ 23 dB
Non-linearity = power(-2*IP3) / power( 0 dBFS) ~ 1e-5

f.=192MHz  11.995 MHz

- 12.095 MHz
RBW=1kHz  -14.0dB e

signal power
relative to full scale
sine wave 5

11.8 11.9 12 12.1 12.2 12.3
f [MHz]



System Linearity test 2: Comparison of beam current
measurements

Beam current from this work v.s. CREX BCM (run 8548)

140 LR | AR IBASEEEEEY Fadigrne |ISEEEE R A R A R R TrErae o] E

t —— CREX beam current

120 F Cavity 1, corrected.
Cavity 2, corrected.

100 Double Difference v.s. Signal Magnitude
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“Double-difference”

0.004

0.002

asym_a
S
(=]

-0.002

-0.004

-0004  -0002 0000 0.002 0.004
asym_b

(asym_a - asym_b) /2

—— sigma=2.43133e-05,err=2.03988e-07

104 4

103 4

102 4

—0.0002 —0.0001 0.0000 0.0001 0.0002

With 2000 Hz (0.5 msec) integration window:

e (Calculate RMS and asymmetry for each RF signal (“I” and

“Q”)
RMS, .1 —RMS,
RMS, 1 +RMS,

asym =

e Correlate signals from two BPMs (channel a and channel b),
the width of asymmetry ellipse (double difference) indicates
the contribution from white noise:

o use “I” or “Q” signal from each channel: 25 ppm
o use : V(I + Q?) from each channel: 24.5 ppm

e “I”and “Q” are numerically computed in ADC. There appears
to be sizable numerical “error”:
o correlate “I” and “Q” from the same channel: 8 ppm



Cavity 2 relative difference [ppm]

Performance
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Best beam test result @ 2kHz: 24.5 ppm

100

1000

T T T T
3 Two-cavity, DDC/16
0.5ms window size

T
=

1L

7
J

-100

-50

ddf [ppm]

100

|
-4000 -2000 0 2000
Cavity 1 relative difference [ppm]

4000

600

500

400

300

200

100

1000

100

Channel B relative difference [ppm]

1000
750
500
250

-250
-500
-750

-1000
10000

1000

100

Best bench test result @ 2kHz: 8.1 ppm

100 1000
== T T T T T T T T 700
T Bench test, raw samples, fs=3072MHz
= 4 0.5ms window size E
=, 600
— i E
s, 500
L‘_‘;fg 3 =
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r—‘; E3 E
o E E 200
r '_’_,—'—'_r'7
IF‘ F E 100
——
T T T T t t t f t 0
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i ! o N
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-40 -20 0 20 40-1000-750 -500 -250 O 250 500 750 1000
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** After beam test, the BCM box was shipped back to
LBL for more bench tests.
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Double Difference v.s. Integration Window Size

Window rate [Hz]

g 10k 5k 2k 1k 500 200 100

o T T : ——T & & & 1 T " — T & 7 & 5

- ——— Bench test, DDC/16

S ~——— Cavity 1 split into two channels

= Cavity 2 split into two channels

o) ——e— Two-cavity correlation

@

S 100 | :
excessive amount of noise 8 [ mysterious 1/f noise:jalso seen by Qweak. Possible
due to the lack of 10MHz —o— | difference b/w cables{ cavities
reference. o i
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Possible Sources of Noise:
Time Dependence: 60 Hz tune beam check

250 us 100us 4us

5000 1

—5000

2500 A

[N)
o
o
o

sqrt(1°2+Q"2)

difference in cavity response time

tune beam, no shift

3500 A

3000 A

—
u
o
o
L

1000 -

500 A

0 200 400 600 800 1000 1200
Entry @ 192 MHz)
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Possible Sources of Noise:
Beam position dependence:

Adenr LM cavmy ---

Signal strength v.s. Vertical Position

TomI SLut BAM Fled Durorriols 1.000
aq
N 0.995
P\] % 0.990 +
% 0.985
(]
\" > E
//x 0.980 -
5 09751 parameters from Musson’s MAFIA simulation
-15 —;lO —I5 (I) “5 1I0 15
Vertical offsetfmm]
T S £ < Prosz To contribute to asymmetry, requires
? y\\,@ 1. cavity mis-alignment, and
= =4 Y\ i iti
Radas ~ 2. time-dependent beam position
Courtesy of John Musson a. beam position fluctuation

b. raster
15



Possible Sources of Noise:
Beam position dependence:

bpm4aY:Entry$

CREX raster: 4 h

Entries 220463

- frequency (close to 25kHz, and not 5 Moany Repael

repeating too often), see logbook

; Mean y 0.2237
| Std Dev x 2.464e+04
i | StdDevy  0.3178

—  213*120Hz = 25.559949 kHz
—  205*120Hz = 24.599951 kHz 1

«  Beam Size: 2mm x 2mm (beam spot: 200 0
um x 200 um)

CREX BPM: ’
beam position measured at 120Hz.

i _IIIII||III|II|!III|I|||IIII||II|I|IIIIIIIIIII[IIIIIIIII|IIII)(103
Fluctuation could be averaged. 4 SR Ch Bl e Gl BLGLey Ch) L CLL e L C B

|IIII|IIII|IIl—I}—IﬂII|I—III-|IIII|I—III
E 3
iy :
n
—

-3

TTTT

o


https://logbooks.jlab.org/entry/3702608

Summary and Future Plan

The BCM box is demonstrated to have 8 ppm resolution in bench test, but we observed 25
ppm noise with JLab beam (check our arxiv paper! httos://arxiv.orq/abs/2110.09575). That is already d blg
improvement from QWEAK (65 ppm)

next beam test ( preferable in Hall Aiin 2022)

a.
b.

o

beam current > 50 uA

put receiver box closer to cavities e.g. in the labyrinth ( less signal atten. better
SNR ratio )

helicity sync ( study the potential noise from helicity transition )

raster frequency sync (reduce beam jittering effect)

measure BPM to control the beam position effect

2. BCM configuration for MOLLER

a.
b.

Integration into the MOLLER DAQ  eetings with the MOLLER DAQ group
FPGA firmwa re development https://moller.jlab.org/wiki/index.php/DAQ_Meetings

17


https://arxiv.org/abs/2110.09575
https://moller.jlab.org/wiki/index.php/DAQ_Meetings

THANK YOU!

Thanks for the help from Kent Paschke, Caryn Palatchi,
Cameron Clarke, PREX-II/CREX collaboration and run

coordinatore,

John Muscon, Bob Michael, Ole Hansen, Chris Cuevas, Jecsie
Butler, Robert Tuvcker



Data interface biue: planned integration work

Meetings with MOLLER DAQ group

https://moller.jlab.org/wiki/index.php/DAQ_Meetings

10MHz ref clock ——»

transceiver
interface for
clock and
trigger sync.

ADCO, ch0
and ch1

ADCH1, ch2
and ch3

MOLLER DAQ

Embedded
Computer to run
CODA

‘l RJ-45 1GbE

RJ-45 1GbE
o Slow control and configuration (inward flow)
o BCM data (outward flow)
m 1x 32-bit number per channel every 0.5ms
helicity window
m 4-channel data rate: 256 kbps (normal
operation mode, streaming)
m Debug mode: up to 1Gbps, download ADC raw
waveform snippets from onboard memory
o ATCP server running inside the FPGA
QSFP28 optical link - FPGA MGT
o Receive synchronization signals
o Need to check compatibility with overall signaling
specs
3.3V CMOS GPIO
o Receive synchronization signals
o Likely requires converter
Embedded computer
o Run software logic for trigger interface
o Connect to the FPGA board via RJ-45 ethernet
Improvement on FPGA firmware for online analysis

19
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Y. Mei et al. arXiv:2110.09575, submitted to JINST

Direct RF-Sampling Digital BCM by LBNL

New idea to address outstanding beam instrumentation issues for MOLLER

LDRD at Berkeley Lab (FY18 and FY19)

RF chain. ADC f_=3072Msps, BW>4GHz

ZNDC-20-2G-S+ LNFDA: -12dBm in, 18dBm out  VBF-1525+
ZX76-31A-SNS+ fo = 2GHz 1480~1570 MHz
In
- 0~31d8| || A
e SRV
N |
MON

A\
L‘ ETC1-1-13  ADC32RF45

12dBm

10 MHz
REF sync

The Direct-sampling Digital BCM for the MOLLER Experiment at Jefferson Lab

Directly sample 4 channels of 1497 MHz RF input with high-speed ADC at 3072 Msps (1st Nyquist zone)

| VCU108 FPGA board |

| ADC32RF45EVM I
| Amplifier and filter |

Directional coupler

20



Beam test in Hall-A in Sept. 2020

Beam test in Hall A : Parasitic running during CREX (September, 2020)

o no beam, tune beam, 0-150uA
o didn’t sync with 120 Hz helicity flips

7 mlddle room of Hall A countlng house

L
9o

TLLETRET

2 channels to take 2 RF signals from BPM4B and 4D (-40dBm@1uA)
= splitter (-3dB) = cable to counting house (-22dB)

= -22dBm@-150pA at BCM box

ADC

LW‘EH

1497 MHz RF signal digitally down-converted to 2 ,7, 12 MHz

O
o /16 decimation
o | and Q components transmitted to FPGA then to the server server
Server
o real-time signal processing parallelized by DPDK BCM
receiver

m read data from network as raw packet e
= band-pass filter and RMS check = e
write data to disk (400MB/s/channel)

Sampling clock sync to 10 MHz reference
21



Beam test in Hall-A in Sept. 2020

7 mlddle room of Hall A countlng house

2 weeks of data-taking, 700 GB data on disk

» Beam conditions:
— no beam, tune beam, 0-150uA

» Hardware configuration:

— Attenuators L% ﬁ /

— two RF signals, or one RF signal splitted ST
to two channels

— in-hall test with signal generators e server
« Software configuration:
— DDC gain BCM
receiver

— DDC frequency to 2, 7, 12 MHz -
— run-time filter and decimation 7 :
— record only I signal, or I and Q

— sync (or not) to 10 MHz reference

The Direct-sampling Digital BCM for the MOLLER Experiment at Jefferson Lab 22



raw signal before/after filter

ADC range: +-32768

20000

15000 H

10000 A

5000 -

04

—-5000 A

—10000 A

—15000 A

Beam Signal and Spectrum

Power spectrum after DDC (7MHz), decimated to

| 10 —192Msps
\ full scale sine wave
0 I =—— chano, peak at (6989000.000000,-27.73) |
/ i | —— chanl, peak at (6989000.000000,-26.93)
| _yonain peak

dbFS

-100

-120

100 125 150

175 200

0 23 50 75
sample @ 192Msps
shift main peak to DC,
then apply lowpass filter
to remove side peaks I A A 1
L] AlLu
_120 T T T T T T T T T T T T T & ) T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
MHz
Note on the 0.5 MHz side peaks:
. Appears with beam signal only, seen with this device as well as spectrum analyzer
_ Absent with test signal injection
0 -15 -10 -05 0.0 2.0

Hz

Doesn’t contribute to "double-difference’ width when included
23



Bench Tests at Berkeley

T T TTT]g T T L] T T LR LR LA |
—#— | and Q with 130uA beam

—4— lonly, cavity 2 splitted

—#— 1 only, cavity 3 splitted

—— Bench test with 3GHz data, 12 bit

E_ 102 - Bench test at 3GHz,bypass_07-19-2)_19:51:20
o B Bench test at 3GHz, /data/e/bypasg_07-19-21
2 - —— B at 3GHz,/data/f/bypa
= -
g —#— bench test, Nand Q, DDC 1495/16
5 L
£ L
=}
2
s B
>
o]
[a]
10!

S

T T L | 1 Y At Al | 1 S 0 A I I o Il

_07-22-21

I ot B |

]

102 103 104

window frequency [Hz]

From beam test 09, 2020:
Blue: 192MHz, | and Q, locked, signals from two cavities

Orange (green): 192MHz, | only, cavity 2(3) signal splitted to
two channels. Not locked. Window truncation applied in
analysis.

From bench test 07,2021(3GHz, 12bit)

Red: 1497MHz test signal generated with our ERASynth
powered by a desktop computers power supply, signal split
to two channels and amplitude set near saturation

Brown: Breakout Board signal generator powered from
servers supply (as opposed to ERASynth from desktop
power supply) signal split from single output channel.
Amplitude about Vs of saturation amplitude

Purple: Breakout Board signal generator (server supply) fed
each input channel on the FPGA from separate outputs on
the generator. Amplitude about % of saturation amplitude
(didn’t see 60Hz noise)

Pink: ERASynth powered from the Server supply, splitter for
two channels, amplitude set very near saturation

24



Possible Sources of Noises:
Time Dependence: simulation results

e Calculate double difference between channel a and b:
o only “I” components were used
o integration window = 1920 Hz
o 4 seconds of data
e Repeat this calculation with manually shifted |_a
o 1sample @ 192MHz ~ 5 ns

27.8

Double Difference

27.4 000%0000%, ....0.0000”0.

©0e®

27.3
-20 -10 0 10 20

Shifts in I_a (Samples)

25



Possible Sources of Noises:
Beam position dependence:

0.003
Take 1 second of | and Q signal from the same channel: R

*  Calculate the vertical beam offset: o002 original: 8.0ppm

— |: 2mm raster + 12mm const
—  Q: 2mm raster

0.001

«  Apply corresponding gain factor on | and Q 0:000
«  Calculate double difference at 2 kHz o001
(before/after)
-0.002
= Need ~10 mm misalignment between two cavities to bring 08NS —nop -odoi @0oD  DDOL Db @i
the double difference from 8ppm (bench test result) to 28ppm 0.003
1 1.74e-03,2.77e-05
(beam test result)

0.002 modified:
27.7ppm

** According to John Musson, cavity misalignment is usually 0.001

~1mm, >4mm is not likely to happen 0,000

—0.001

—0.002

—-0.003
—-0.003 —0.002 —-0.001 0.000 0.001 0.002 0.003



“Double-difference”

0.004

0.002

asym_a
S
(=]

-0.002

-0.004

-0004  -0002  0.000 0.002 0.004
asym_b

(asym_a - asym_b) /2

—— sigma=2.43133e-05,err=2.03988e-07
104 -
103 4
10? -
—0.(3002 —O.(')OOI 0.0600 0.0601 0.0602

With 2000 Hz (0.5 msec) integration window:

e Correlate signals from both BPMs (double difference):
o “I”or“Q” signal only: 25 ppm
o “I”and “Q” together: 24.5 ppm
o “I”and “Q” are numerically computed in ADC. There
appears to be sizable numerical “error”

e if split one cavity signal to two channels, and correlate their

signals:

o 16 ppm (measured noise floor of this BCM setup)

Standard deviation of the

amplitude asymmetry (PPM)

n
(=3

)

=

wm

Decmation Factor

Resolution in hardware DDC

comparable to the bench test results
with signal generator input

™ 27

Mixer frequency (MHz)



Asymmetry Width

One cavity signal splitted to two channels.

“I” only, not locked. 7 MHz White noise dominates: correlation
_ ‘ A ’ width decreases with increasing
@ cavity A (splitted) @ cavity B (splitted) WindOW Size
2.00E-04 - . . .
Cavity A vs B: possible difference in
cable or cavity itself?
1.00E-04 @
8.00E-05
6.00E-05 © °
4.00E-05 ® Resolution in hardware DDC
®
[ ]
2.00E-05
® S 20,
© @ o
1.00E-05 U e ‘_c-: E
=  « T
SR 100 50 1000 5000 10000 S Q 154
Window Size (usec) % E 10 J
T
- @
TN
€=
16 ppm at 2000 Hz 5/5?)’
comparable to the bench test result =
with signal generator input 3

1490

Decimation Factor 1480 -

Muxer frequency (MHz)



Current Hall A BCM System (Yury and Yuan)

e Limitation (most likely): LO amplitude and phase noise,( add more here)

Traditional method: cavity/stripline induction
+RF mixing (down conversion)

Pickup (RF) —>(%>T> / \ — Measurement

Filter/Integrator

Local Oscillator
Resolution limited by the amplitude and phase fluctuation of LO

The Direct-sampling Digital BCM for the MOLLER Experiment at Jefferson Lab
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In-hall test, no side peaks

1. signal(s) = 3db splitter = 19 db cables (“spare” 2, 3) =
BCM
2. Signal = cavity = splitter and cables = BCM

Two signals at 1497 and 1497.1 MHz to
splitter

window size = 192000, # avg = 100

full scale sine wave
0 —— chano, peak at (11.995MHz,-97.56) |
—— chanl, peak at (11.995MHz,-14.07) |

-20
-30
—40
0 =50
o
T —60
o JI\
-80
-90
~100 | e
_110M




Tune beam, no beam, CW beam
Ref clock locked or not

DDC gain, frequency

External generator

instrea

11
11 12
Ring 1 Ring 2
Disk 1 Disk 2

4 TB (170 minutes)
of data/channel

instrea
11
11 12 Q1 Q2
Ring 1 Ring 2
Disk 1, 3 Disk 2, 4
700 GB (30

minutes) of
data/channel




From Moller CDR:

Trigger Frequency Scan: 2 Receivers

® F ;
e "
o : -
L i -
£ - . 2 Receivers
QL
%O E s
: -
8 [ [
60 — !
— L
B 1 I
P
L L} £
C ] 1 1 1 | l 1 1 1 1 I 1 Il | 1 ] 1 1 1 1 I | 1 | 1 |
0 100 200 300 400 500
Quartet Frequency(Hz)

Figure 38: Bench study of Queai digital receivers with two receivers and a common rf source to simulate
the beam signal. The observed double difference versus quartet frequency is shown.
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Update from James Egelhoff:

BCM ADC Resolution Results

Resolution in hardware DDC

=

-
=

o

Standard deviation of the
amplitude asymmetry (PPM)
=

o

Decimation Factor

1490

1480
Mixer frequency (MHz)

Current ADC testing setup utilizes two
ERASYNTH signal generators (one for
clocking, one for signal)

Signal is split and fed into two
independent channels, both sampling at
3GBPS with 12 bit resolution and optional
digital down conversion. Amplitudes are
averaged over half-ms windows and
differences between channels are
compared to determine resolution.
Typical resolution of ~10PPM with room
to improve (for instance, moving from
simple voltage RMS calculation for signal
amplitude to quadrature reconstruction,
improving RF isolation of the electronics,
etc.)
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ADC quantization noise
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Figure 22. Signal-to-Noise Ratio vs Input Frequency
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Figure 38. Performance vs Amplitude

ADC noise floor : —155dBES/Hz — /105 x 2000 = 8.0 x 107
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Phase noise

SSB Phase Noise [dBc/Hz]
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Bandpass filter for | only data

Frequency Response, order=9
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Helicity signal in counting house
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Possible in-hall installation location:
In the labyrinth next to the BCM BPM modules.

labyrinth
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