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- See also:

The P2 Experiment
/_farXiv:1802.04759
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M t t JGlu
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* P2 experiment at MESA
* Measuring the weak mixing angle
» external beam mode with low energy and high current:
* 150uA, 155MeV
e longitudinally polarized beam
» fast helicity flipping ~kHz
» parity violation (elastic ep scattering)
» expected asymmetry ~30ppb
* very strong demands on beam quality!
* intensity, energy, position, angle
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Measuring Asymmetry with
Electron-Proton-Scattering
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Measuring Asymmetry with J6lu

Electron-Proton-Scattering s GUTENBERG
e e e\‘\/'/e
electromagnetic Y B Z| weak
p P {‘/\

 Measured asymmetry determined by the cross section for electron-
proton-scattering with polarized electrons:

+ —

Oan — Og

APV = Zep P
Oap + Tep
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Measuring Asymmetry with J6lu

Electron-Proton-Scattering s GUTENBERG
e e e\‘\/'/e
electromagnetic Y B Z| weak
p P {‘/\

 Measured asymmetry determined by the cross section for electron-
proton-scattering with polarized electrons:

+ _ + 2
APV — O-ep Uep Uep X ’M’Y + MZ,R‘
Oep + Oep Oap O | My + Mz 1|
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Measuring Asymmetry with J6lu

Electron-Proton-Scattering s GUTENBERG
e e e\‘\/'/e
electromagnetic Y B Z| weak
p P {‘/\

 Measured asymmetry determined by the cross section for electron-
proton-scattering with polarized electrons:

1
+ _ 5= + 2 My o< =5
APV = Tep — Tep Tep X | My + Mz R| Q?
— St - - 2 1
Mz
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Measuring Asymmetry with J6lu

Electron-Proton-Scattering s GUTENBERG
e e e\‘\/'/e
electromagnetic Y B Z| weak
p P {‘/\

 Measured asymmetry determined by the cross section for electron-
proton-scattering with polarized electrons:

M 1
+ - + 2 v X S5
APV _ Oep Oep Oep X ’MW’ + MZ;R‘ Q2
— + — — 2 1
mz

 Expected asymmetry determined by spin polarization and apparative

BVMMENY: go» — P (APVY gy, + AP
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P2 Beam Quality
Requirements
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Uncertainty of weak mixing angle
~10°F total
D — ' '
g — polarization
= L v-Z-box
< u beam systematics
counting statistics
- GE
0% L gM center of detector
— A
e T
1045—
- —
, | | | | | | See also
10‘5 { I I i L1 1 L1 1 1 | I I (| L1 1 1 L1 1 1 L1 1 | 1 L1 1 -
arXiv:1802.04759

max. 0.1 ppb from beam systematics assumed! #9¢9

15

20 25 30

35 40 45 50
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Measuring Asymmetry in 4ms e GUTENERS

« STA: short term asymmetry
* Measured in a 4ms pattern of spin states of 1ms length: +--+ or -++-

* In 10kh measuring time are 9 x 10° STAs.

o

|
=0.1
V9 x 10 O-1ppd

AAYP =

b o= AAMP(STA) = 9.5 ppm
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Approach for Stable and Accurate JGlu
Beam -.I. l I'\I'-__."~.|Z-.5FI9-._E'_'|_

UNINERSITALI

Digital Control System (FPGA)
- Further Pros: highly flexible, quickly replaceable

* |Q-Demodulation
» Differential Signal Transfer

» Feedback and Feedforward Control

- ,Feedforward®: pre-adaption to upcoming beam shift from helicity switch

« High Sensitivity Beam Position Monitors
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Stabilization Principle and Setup of
Hardware
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Arrangement of Steerers and 6l
BPMs in Hall B (RTM3)@MAMI T

RTM3

180MeV D D D R B

D:D XY-Monitor with Intensity Monitor

" [I] steerer
Il Dipol
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Stabilization Principle

and Hardware

JGlu

UNIVERSITAT Mamz

Red Pitaya

DAC DAC

14bit

ADC “ ADC

125MHz

A A

POWGF X X master
-
Amps I ‘(\Xi XYMO-
Electronics
X Y
Y Y x Y
— 11 -
o
Steerer BPM
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Stabilization Principle
and Hardware
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Fast Steerer
i Red Pitaya
DAC DAC ADC ADC
14bit
125MHz y -\
Power i i ® < master
Amps 2 [XYMO-
Electronics
X Y
Y Y x Y
—{ 11 .
o
Steerer BPM
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Stabilization Principl
and Hardware

e
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Fast Steerer

Red Pitaya

Amps ..

DAC DAC ADC ADC
14bit
125MHz A A
Power Y Y

® master |

< : - S—
5 XYMO- « 2 Resonating Cavities

ElectronicS  « 2 45 GHz resonance

XV VY x| |y frequency
— 1 -
o
Steerer BPM
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Successful Stabilization Tests
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 using RedPitaya internal PID blocks (used only PI)!

Time plot (1000ms)
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» -50dB @50Hz, -50 dB @100Hz, -20dB @1000Hz

(A4/MAMI:

-40dB@50Hz)
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Planned Setup Beam Control in MESA
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0. O

S hyaro voeter  HEHHTIEA]

P2 Beamline Instrumentation

coc- @ [WEE]

fast steerer

slow steerer

XYMO (cavity BPM)
PIMO (phase, intensity)

luminescence screen i vacuum valve

vacuum pump ﬁ vacuum gauge

W
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Planned Setup Beam Control in MESA
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P2 Beamline Instrumentation

[w] fast steerer

IE slow steerer

S8 XYMO (cavity BPM)

@ PIMO (phase, intensity)

i il W

!
i‘ﬁ- Hydro-Moeller

1000

3000
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Asymmetry Uncertainties Results ) :,_ _
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Expected Asymmetry Uncertainties after 10kh measuring time at 150pA

effective resolution §8.7e-6 ppb
electronic noise I 1.3e-5 ppb:

stabilized beam [N 0.11 ppb
current _ 0.29 ppb

energy — ?
: >

0.1 pbb
« Position and current based on signal widths measured in Tests at MAMI

e Scaled to 150pA in 10kh and averaged over 8192 samples of 8ns.

« Energy asymmetry is estimated from A4 data. 0.1 ppb feasible but not yet
demonstrated. Relative energy width of 10> needed.
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Thank you for your attention
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Cavity Design
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Cavity Design
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2 Pillboxes in one
TM110-mode

2,6GHz resonance
frequency

250kHz bandwidth
Electric coupling

Remote
tuning/detuning

Water cooled
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Polarized Beam: 1Glu
Short Term Asymmetry wies GUTENBERG

Beam Current Measurement;

Beam current shift under helicity switch

- Stabilization off

Histoglqmmed
- maximize asymmetry with half >
wave plate pimo Signal Z@ pimo Histogramm
= rC )
o | ° 300F
. . S
- Helicity flip : el £
i O 250
+--+ -++-  (8ms) i -
_0.55_— Iup (red) 200:_
Asymmetry i \ [
r 150_—
A Iup — Idown 06
T I 100_—
Iup + Liown 065
i 50
f [ Ljouwn (blue) :
B e T e O aaTaw o WEYRY
How dO you avoid effects ms -0.7 -0.68 -0.66 -0.64 -0.62 -0.6 -0.58 -0.56 \-/o§|4t

from drifts ?!
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DAQ with “RedPitayas”

UNIVERSITAT mainz

* FPGA+CPU (Xilinx Zynq 7010 SoC)
* 2 fast DACs, 14 Bit/ 125MSal/s

2 fast ADCs, 14 Bit/ 125MSal/s

* GPIO connector w/digital pins

trigger, clock, ... P
(trigg ) g B2, ¢ TR

i .

* Ethernet, USB _
o

* Linux on dual core ARM (Cortex A9)

* open source (firmware/software)

* ~250 €/pc.

ACCEL ENCE=
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DAQ with “RedPitayas”
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RunControl

PC

daccord_server
DAQcore

Data Acquisition

Red Pitaya

daccord_server
DAQcore

[[Ron!

Tri¢

Joer

Sdtg out

Raspberry Pi

daccord_server
1+ DAQcore

Spartan6

|Tﬁgged

Trigger

Clock ()
12C

Red Pitaya :L:ni:

[ ]

ooooog
Sta out
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I:F I3 o
loopl
7840mm loop?2
8000mm
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Tuning and Detuning LF
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 Moving the Piston changes the
resonance frequency

26047 4 + + piston drive

2.603 ' e Piston can drive 12 mm

N
o
o
N]

 Motor makes 7000 steps

2.601 -
2.600 -~

2.599 -

resonance frequency/GHz
+

™
U
©
o

2.597 -~

2.596 - +

-8 -6 -4 =2 0 2 4 6 8
Piston position/mm
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TM110-mode
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* Node at the axis of the cavity
* Linear close to the cavity axis

« Perpendicular mode
suppressed with mode
dividers

ACCEL_EMNCE=
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TM1

10-mode
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14000

Field Magnitude along antenna axis (without antennas)

12000

10000 1

8000 -

6000 -

4000

2000 A

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 40 60 80 100 120 140

Curve Length / mm

< Maxima at +- 33 mm

Linear close to the axis
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Remote Tuning und Detuning
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Resonanzkurve XYMO

0 4 = 250kHz BW

P/P max(dB

maogliche Maximalverstimmung

\

2.5950 2.5975 2.6000 2.6025 2.6050 2.6075 2.6100 2.6125

Frequenz/GHz

To save sensitive
electronics in case of
high displacements

Possible maximal
damping: -30 to -36 dB
depending on piston
position at 2.6GHz
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Double Differences

UNIVERSITAT M

pimo13STAtL pimo27STAt
€ 3000 pimo13STAt__1

pimo27STAt 2

- Check for beam loss g
between two beam current 3
monitors :

:

Entries 3000 Entries 3000

Mean 1408 Mean 1415

RMS 824.9

i

RMS 822

il

o
=4
=3

- n
(=3 (=3
(=3 o
=] =] =1
——amas
(=3

- Yet no data, example for
A4:

(=3
(=3
o
o
(=3
o
T

- The double difference:
0 500 1000 1500 2000 ) 2500 0 500 1000 1500 2000 ) 2500
dd p— Stal J— Sta2 time / quartets time / quartets
is strictly around zero if no I s e B i e
beam was lost. 0 e o) el Enties 9000
i RMS  686.9 i Mean -0.8986
- The width indicates the * s I s 4ado
1 1 . 101 RMS 6745 B
resolution of the monitors: 5
J(dd):J(p'zlm013)2—|—a(pim027)2 |
_ Tests With our Setup in STA / ppm double difference / ppm
December
S ACCEL_EMNCE=
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Measurements of Transfer
Functions

JGlu
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e automatic measurement

 RedPitaya as signal generator + digitizer
« With beam at MAMI or without beam at test stand

(MESA halls)

» characterization of components of control loop
e open loop — predict closed loop behavior

Transfer function Example

amplitud

ion Toellner TOE7610-20 (Amplitude)

|
|
(

10| ®
-20 _ %2/ ndf 0.5758/100
— gain -9.685 = 0.009934
= 1st pole 7.48e+04 + 300.6
30 2nd pole 3.607e+05 = 2486
— 3rd pole 3e+09 = 1.45%e+08
_ 4th pole 3e+09 + 8.268e+07
40— 3
[ 11 Il Il 1 1 I 1 11 1 1 1 1 1111 1 1 1111 |
10 10° 10 10°

Frequency [III(%?
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prt‘n%?%nction Toellner TOE7610-20 (Phase in radian)

= /\—\
0 e N
-1 = -
21
-3 :
= 5Z 7 naf 0.15/100
n= linear phase 3.625¢-06 + 1.758¢-08
= 1st pole 7.667e+04 £ 101.7
ay 2nd pole 3.517e+05 + 496.7
-5 3rd pole 2.925e+09 +4.108e+0p |
= 4th pole 2.925e+09 + 4.108e+06
-6 = ; : ]
= L J " . L
102 10° 10* 10° 10°
- ACCEL_EMNCE=




Principle of Beam Monitoring
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I
Grobabstimmung
y-Resonator
| ANMESS N

)
»|
e ..

X
TM, ,-Mode (Lage I y
TMnm'MOde re—
(Intensitat) W |
)

Modestabilisation

fur x-Resonator

AN

3dB-H

Abstimmkolben
fiir y-Resonator

angepasste (50 Q)
Antenne

Zur

EE———
Messelektronik

Resolution of XYMOs:
2.2V/mm

LSB 1.28um with HV-jumper
— not less than 60 nm with v
-jlumper

Tiefpass DBM
>I |_’{ —>—| Signal
PH}' ) ig.rs El"
» LO
2. T U~\P,,R
Y2
. () |zirkulator N
Kurzschluss- ’y .
schieber XYMO-Kiste
AN
% Master
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|Q-Demodulation
Monitor-Signal Signal on 10MHz
on 2,45GHz
10MHz
2 ,44GHz
+90°

==» No nasty phase tuning needed any
more because signal is always
reconstructable with I and Q.

« XYMO-Signal: MAMI 2,45GHz

carrier
o After 2,44 GHz mixing: 10MHz

carrier
 Two branches demodulated with

90° shifted 10MHz.

— signal amplitude = A = \,.-""1'9 + Q2
I

0 Axis limaginary)
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IQ-DemOdUIation wes GUTENBERG

UNIVERSITAT mar

* Measurement of / and Q of the 1000 0.2
Hz Peak at different phase tunes
result in a circle. 0.15
 Circle is not evenly circular.
» Electronics are still susceptible to
DC Offsets, errors in gain matching of
[ and Q
. o
=== Digital IQ-Demodulation maybe
better ?! Offline tests after beamtime 995
with Signal on 10MHz

] Q

-0.15 -01 -0.05 0 0.05 0.1 045 02 025

- ACCEL_EMNCE=
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Digital Feedforward — (@Test
Stand)
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annes GUTENBERG
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e helicity flip — beam position “jump”
 measure “jump” — push current into coils during flip!
 feedback takes care of residual helicity correlation

] . n [Mchannel 1 | [l Channel 2
drive signal from FPGA to power amplifier
fast steerer current o.o

e 300 mA/us possible

 uses only 50% of amplifier
output swing

0.03

Voltage [ ¥ ]

« other 50% swing available S0\ hmant
for feedback
 adjust feedback loop gain during flip? .., I —
digital system — no problem! o 2 o 25 so 75 10 1
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Polarized Beam: jGlu
Short Term Asymmetry NG,

Beam Current Measurement;

- Stabilization off Beam current shift under helicity switch
Histojglqmmed
- maximize asymmetry with half o //«\\
wave plate pimo Signal & S pimo Histogramm
= rC )
o | %300_—
.. . S0
- Helicity flip : el £
i W 250
+--+ -++-  (8ms) i -
_0.55_— Iup (red) 200:_
! \‘ 150}
-0.61- -
I 100:—
0.65
i I 50
[ down (blue) i
-0.7_—r|||||||||||||||||||||||||||||||| Ty Ll | T
6440 6450 6460 6470 6480 6490 6500 207 -068 066 -064 -062 -06 -058 -0.56 -0.54

ms Volt
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