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Å Matter/antimatter asymmetry ĄCP violation Ą permanent EDM
Å An EDM is caused by separation of permanent charges inside a particle
Å Closelyconnectedto spinof the particle which is influenced by E & B fields
Å The standard model predicts proton (and neutron) 95aΩǎ ŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ мл-31  e.cm
Å{ƻƳŜ .{a ǇǊŜŘƛŎǘ ƴǳŎƭŜƻƴ 95aΩǎ ƛƴ ǘƘŜ ǊŀƴƎŜ мл-24 - 10-28 e.cm range
Å Neutron EDM limit:    dn is (0.0 ± 1.1)×10ҍнсe.cm

Sensitivity target 
~ 10-29 e.cm 
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Proton EDM
- Overviewandexperimental method
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Å Protons are sampled from the beam and scattered from a 
carbon target

Å Elastic scattering direction is affectedby beam polarization

Å LYSO calorimeters are used to determine elastic hits

Å Plastic scintillator grid measures positions and thus asymmetry

Å Levelof L/R asymmetry observedindicates beampolarization

www.jara.org/en/research/fame/news/detail/JEDI-Polarimeter-installed

doi.org/10.1088/1748-0221/15/12/p12005

Current Polarimeter
- JePo(JEDI Polarimeter)
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800˃ m Steel Beam Window

JePoAngular acceptance 4 ς15 degrees

270 MeV
30-45 MeV 270 MeV

Potentially 
500m 

circumference

Current Polarimeter
- JePolow energy incompatibility
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30 MeV 
proton

Å Strong effect from the current 800 um beam window at lower energies  
Å Another approach will be needed for low energy
Å In vacuum, low material polarimeter is desirable

45 MeV 
proton

270 MeV proton

Approximately
0.7% 
Energy loss

Approximately
30% 
Energy loss

Approximately
13% 
Energy loss
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Current Polarimeter
- Thenecessityof low materialbudget
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Å Ay is the analysing power (the amount of asymmetry that should be 
observed for a given polarisation at a given angle)

Å Thin detectors can be used with minimal angular resolution loss

Å 4°ς15° (Current JePo)Ą ~40 °ς60° (Low energy polarimeter)

Å Surrounding the detector at a lower rate requires larger detection 
area.

Å HV-CMOS position layer
Å LGADs in a time of flight configuration

for energymeasurement

Not to scaleProposal for a silicon time of flight polarimeter
- Concept and angular acceptance



ÅCMOS structure inserted in an isolated deep N-Well

ÅHigh resistivity wafers in a standard commercial process 
allow large depletion to be easily achieved at a low cost 
compared to other detector systems such as hybrid silicon

ÅDifferent available options with active development 
programme in Liverpool

- Small pixel sizes (50˃m×50˃ m)

-¢Ƙƛƴ ƳƻŘǳƭŜǎ όҔрл˃Ƴύ

- High radiation tolerance (E15 n_eq/cm^2)

- Time resolution (5ns)

- Power consumption (150 mW/cm^2)
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- I. Pericet al (2007)

ATLASPix3

HVCMOS ςHigh Voltage CMOS
- Overview


