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Precision experiments

The search for electric dipole moment

COSY storage ring: polarized proton/deuteron beams 

Knowing beam positions is mandatory

2



Working principle

Beam direction Ԧ𝑍

𝑈1𝑈4

𝑈3 𝑈2𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑟𝑎𝑡𝑖𝑜 =
∆𝑼𝒉𝒐𝒓

σ𝒊=𝟏
𝟒 𝑼𝒊

=
(𝑼𝟏+ 𝑼𝟐) −(𝑼𝟑+𝑼𝟒)

σ𝒊=𝟏
𝟒 𝑼𝒊

𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑟𝑎𝑡𝑖𝑜 =
∆𝑼𝒗𝒆𝒓

σ𝒊=𝟏
𝟒 𝑼𝒊

=
(𝑼𝟏+ 𝑼𝟒) −(𝑼𝟑+ 𝑼𝟐)

σ𝒊=𝟏
𝟒 𝑼𝒊
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Rogowski based coil

Current signal induces voltage signal

𝑌

𝑋



BPM construction

 Winding the coil
 Assembling the parts
 Connections for voltage signal

4

48 mm

10 cm



BPM lab test 

 Repeated tests for fixed beam current
 Repeated tests for different beam currents
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 AC current (emulate COSY beam)
 Move the coil by moving the stepping motors
 Measure the coil response 



Measured ratios agree with theory
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∆𝑼𝒉𝒐𝒓
σ𝒊=𝟏
𝟒 𝑼𝒊

= 𝒄𝟏𝒙 − 𝒄𝟐 𝒙𝟑 − 𝟑𝒚𝟐𝒙 + 𝒄𝟑 𝒙𝟓 − 𝟏𝟎𝒚𝟐𝒙𝟑 + 𝟓𝒚𝟒𝒙 + …


∆𝑼𝒗𝒆𝒓

σ𝒊=𝟏
𝟒 𝑼𝒊

= 𝒄𝟏𝒚 − 𝒄𝟐 𝒚𝟑 − 𝟑𝒙𝟐𝒚 + 𝒄𝟑 𝒚𝟓 − 𝟏𝟎𝒙𝟐𝒚𝟑 + 𝟓𝒙𝟒𝒚 + … Credit: F.Trinkel



Theoretical-based model for coil in air

Possible higher sensitivities for complete BPM coil 

𝝌 2 = 𝑅𝑎𝑡𝑖𝑜𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑅𝑎𝑡𝑖𝑜𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
𝑇
∗ 𝐶𝑜𝑣 −1 ∗ 𝑅𝑎𝑡𝑖𝑜𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑅𝑎𝑡𝑖𝑜𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
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Calibration parameters:
 𝐶1 = 0.01914 𝑚𝑚−1

Enhancement factor of ≈ 1.75 (wrt a simple coil in air)
 𝐶2 = 1.4724 × 10−6 𝑚𝑚−3

 𝐶3 = 4.7615 × 10−11 𝑚𝑚−5

 𝑋𝑜𝑓𝑓 = −0.401 𝑚𝑚

 𝑌𝑜𝑓𝑓 = 0.3195 𝑚𝑚
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Position accuracy 
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Rogowski BPM

Installation in COSY 
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Calibration independent of COSY beam current
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Bump test



 The Rogowski BPM was successfully 
constructed and calibrated in the lab 

 The Rogowski BPM was successfully 
installed and operated in COSY

 The compactness of the Rogowski
BPM is a good advantage for this type 
of coils as monitors
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 Use the coil as a probe for multi-bunches 
beam

 Study/calibrate the coil at different 
frequencies

 Use as a BCT/field probe
 Build several such coils. 



• 𝒄𝟏 =
𝟐

𝝅 𝑹𝟐−𝒂𝟐

= 𝟎. 𝟎𝟏𝟎𝟗𝟐𝒎𝒎−𝟏

• 𝒄𝟐 =
𝑹𝒂𝟐

𝟑𝝅 𝑹𝟐−𝒂𝟐
𝟓
𝟐(𝑹− 𝑹𝟐−𝒂𝟐)

= 𝟏. 𝟎𝟖𝟏𝟕 × 𝟏𝟎−𝟔𝒎𝒎−𝟑

• 𝒄𝟑 =
𝑹𝒂𝟐(𝟒𝑹𝟐+𝟑𝒂𝟐)

𝟐𝟎𝝅 𝑹𝟐−𝒂𝟐
𝟗
𝟐(𝑹− 𝑹𝟐−𝒂𝟐)

= 𝟏. 𝟗𝟓𝟏𝟏 × 𝟏𝟎−𝟏𝟎𝒎𝒎−𝟓

Theoretical prediction of coil parameters

Backup



Elements of covariance matrix

𝒇𝟏 =
𝒖𝟑 + 𝒖𝟒 − 𝒖𝟏 − 𝒖𝟐

σ𝒊=𝟏
𝟒 𝒖𝒊

𝑹𝒂𝒕𝒊𝒐𝒙

𝒇𝟐 =
𝒖𝟏 + 𝒖𝟒 − 𝒖𝟑 − 𝒖𝟐

σ𝒊=𝟏
𝟒 𝒖𝒊

(𝑹𝒂𝒕𝒊𝒐𝒚)


𝑐11 𝑐12
𝑐21 𝑐22

𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑚𝑎𝑡𝑟𝑖𝑥

 𝑐11 = [
𝜕𝑓1

𝜕𝑢1
∗ 𝜎𝑢1

2 +
𝜕𝑓1

𝜕𝑢2
∗ 𝜎𝑢2

2 +
𝜕𝑓1

𝜕𝑢3
∗ 𝜎𝑢3

2 +
𝜕𝑓1

𝜕𝑢4
∗ 𝜎𝑢4

2]0.5

=
2

(σ𝑖=1
4 𝑢𝑖)

2 ∗ [ 𝜎𝑢1
2 + 𝜎𝑢2

2 ∗ 𝑢3 + 𝑢4
2 + 𝜎𝑢3

2 + 𝜎𝑢4
2 ∗ 𝑢1 + 𝑢2

2]0.5

 𝑐22 = [
𝜕𝑓2

𝜕𝑢1
∗ 𝜎𝑢1

2 +
𝜕𝑓2

𝜕𝑢2
∗ 𝜎𝑢2

2 +
𝜕𝑓2

𝜕𝑢3
∗ 𝜎𝑢3

2 +
𝜕𝑓2

𝜕𝑢4
∗ 𝜎𝑢4

2]0.5

=
2

(σ𝑖=1
4 𝑢𝑖)

2 ∗ 𝜎𝑢1
2 + 𝜎𝑢4

2 ∗ 𝑢3 + 𝑢2
2 + 𝜎𝑢3

2 + 𝜎𝑢2
2 ∗ 𝑢1 + 𝑢4

2 0.5

 𝑐12, 𝑐21 𝑓𝑟𝑜𝑚 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑓1 & 𝑓2

Backup



Backup

Measured coil impedance at the range 200𝐾𝐻𝑧 − 2.0𝑀𝐻𝑧



Backup

0.992 𝑚𝐴~8.16𝑒9 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 0.595 𝑚𝐴~4.89𝑒9 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 0.496 𝑚𝐴~4.08𝑒9 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

0.298 𝑚𝐴~2.46𝑒9 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 0.0992 𝑚𝐴~8.16𝑒8 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 0.0595 𝑚𝐴~4.89𝑒8 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠


