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The Feasiblity of the TRIC Experiment at COSY

July 23, 2008D.Eversheim, SPIN- Praha-2008

A P-even Time-Reversal Invariance Test at COSY

• Some Introductory Remarks

• The Quantity of Interest for a True P-even/T-odd
Null-Test

• Some Experimental Details

• First Test of a Novel Measuring Method for Total 
Cross-Sections

• Data Analysis

• Summary
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The Feasiblity of the TRIC Experiment at COSY

““Go right to the frontiers of scienceGo right to the frontiers of science
and you will learn soon what is missingand you will learn soon what is missing””

Georg Georg ChristophChristoph Lichtenberg (1742Lichtenberg (1742--1799)1799)

⇔⇔

High Energy FrontierHigh Energy Frontier Precision FrontierPrecision Frontier

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY
TRI and Parity Tests
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The Feasiblity of the TRIC Experiment at COSY

The atomic EDM        The nuclear EDM         The nucleon EDM

nucleus

Z0

e

e

TRNI
ρV

TRNI
ρV

PNCV

nucleus

ρ

π PNC

TRNI

Violation of TRI can be related to the ρ Meson
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The Feasiblity of the TRIC Experiment at COSY
Null-Tests in True P-even/T-odd TRI Experiments

But :

F.Arash, M.J. Moravcsik, and G.R. Goldstein, Phys.Rev.Lett. 54 (1985) 2649

There is no Null-Experiment for a reaction with two particles
in and two particles out.

Loophole:

The proof from above relies on the construction of cross-
sections from bilinear products of scattering amplitudes.

In forward scattering the total cross-section can be
measuered via the optical theorem.
H.E. Conzett, Phys. Rev. C 48 (1993) 423
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The Feasiblity of the TRIC Experiment at COSY
The Quantity of Interest for a True P-even/T-odd Null-Test
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The Feasiblity of the TRIC Experiment at COSY
External Total Cross Section Measurements
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The Feasiblity of the TRIC Experiment at COSY

BCT

Internal Total Cross Section Experiments at COSY

IBeam

Current loop 
for calibration
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The Feasiblity of the TRIC Experiment at COSY
Internal σtot Measurements are Related to Precise Current Measurements



D.Eversheim, SPIN- Praha-2008 July 23, 2008 10

The Feasiblity of the TRIC Experiment at COSY
Initial Estimation of Precision

Relative accuracy of current in 1 s measurement: 3· 10-4

Ay,xz can thus be measured with an accuracy of 10-6  in 10 days

( ) y,xz
1T S A
2

δ ∆ = − ⋅δ ≅ ⋅
δI
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0 y xz

1 1A
2 d P P
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Demand for long life-time (e-cooling) 

Demand for precise current measurement
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The Feasiblity of the TRIC Experiment at COSY
Choice of Spin-Flip Period

~20 Min.
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The Feasiblity of the TRIC Experiment at COSY

Line cancels because of : Protonspinflip
px, pz negligible for protons

Quantity cancels because of : R, P

Basic Error Analysis

AZ,ZAZ,YAZ,XAZ,0

AY,ZAY,YAY,XAY,0

AX,ZAX,YAX,XAX,0

A0,ZA0,YA0,XI0,0

AZ,XZAZ,YZAZ,XYAZ,ZZAZ,YYAZ,XX

AY,XZAY,YZAY,XYAY,ZZAY,YYAY,XX

AX,XZAX,YZAX,XYAX,ZZAX,YYAX,XX

A0,XZA0,YZA0,XYA0,ZZA0,YYA0,XX
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The Feasiblity of the TRIC Experiment at COSY
Total cross section σ1tot = !½ ∆σtot in p-p Scattering

F. Perrot et al., Nucl. Phys. B 278 (1986) 881

Ay,y
in p-p scattering
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The Feasiblity of the TRIC Experiment at COSY
The H! Source for and    for COSYpr d

r

~30µA H!,D! for 20ms
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The Feasiblity of the TRIC Experiment at COSY
The Precision Beam Current Transformer (BCT)
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The Feasiblity of the TRIC Experiment at COSY
The Atomic Beam Target with the EDDA Detector
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The Feasiblity of the TRIC Experiment at COSY
Run Nov. 2006, Single Run, Target & Beamdump Closed

on on

e – cooling
on / off

off off off
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The Feasiblity of the TRIC Experiment at COSY

CAMAC 
CRATE

n

NIM CRATE

Clock 
synchronized 

by RF-
Atomic-Clock

n

The Principle of the TRIC Data Acquisition

DAQDAQ

VV
ff

•• The The real time data acquisition  data acquisition  
system with system with WinXP developeddeveloped
for this experiment worked  for this experiment worked  
without any problem..

COSY
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The Feasiblity of the TRIC Experiment at COSY
Uncorrected Calculated Lifetimes

Ay,y

in       scattering

σtot = = σ0(1 + Ay,y@PB PT)

σ = σ

and

σ = σ

p-pr r

and for PT = Px

σtot = = σ0
Looks promising BUTBUT:
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The Feasiblity of the TRIC Experiment at COSY

! Differences of the lifetimes are too big.

! There are different distribution widths for the various spin configurations.

! The standard deviation of a single measurement is much smaller than
the distribution width of the lifetimes.

! Measurements with target polarization Px do not fit in the 
cross section scheme. σparallel < σy,x < σantiparallel

BUTs:

0 y,y Beam Target(1 A P P )σ = σ + ⋅

Substantial corrections are due.

There are undiscovered error contributions.

There are systematic errors.
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The Feasiblity of the TRIC Experiment at COSY
Sum of all Current Measurements

C
ur

re
nt

 [a
rb

. u
ni

ts
]

PBeam: ±Py ±Py ±Py

PTarget: +Py !Py +Px

Polarization Scheme
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The Feasiblity of the TRIC Experiment at COSY
Lifetimes and their Standard Deviation

The standard deviation of the distribution of the measured lifetimes
is by a factor 5 to 10 worse than the error of a single lifetime measurement.
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The Feasiblity of the TRIC Experiment at COSY
Slow Fluctuations

10-3 I0
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The Feasiblity of the TRIC Experiment at COSY
FFT of the BCT Signal

Noise in the offset substantially smaller than in the signal
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The Feasiblity of the TRIC Experiment at COSY
1/f Noise of the BCT Signal and White Noise Simulation

Fit to FFT of 1mA Data

White Noise Simulation at 0.05 Hz
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The Feasiblity of the TRIC Experiment at COSY
Wiener-Khinchin Noise Reduction
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The Feasiblity of the TRIC Experiment at COSY
First Test of a Novel Measuring Method for Total Cross-Sections

Ay,y
in p-p scattering

TRIC

Result:
σ1tot = Ay,y σtot

=!3.2 ± 9.6 mb

BUTBUT: ! Beam intensity was low by a factor 10
! A target cell will increase the density by a factor 40
! A better BCT can decrease the noise up to an factor 3

Error reduces by a factor 10 40 3⋅ ⋅ 35
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The Feasiblity of the TRIC Experiment at COSY

July 23, 2008D.Eversheim, SPIN- Praha-2008

Summary

The TRIC experiment is a true Null-Test of  TRI.

For this experiment COSY serves as accelerator, forward
spectrometer, and detector.

The novel measurement technique works, BUT :BUT :

Excellent beam cooling is essential for the experiment.

Low frequency noise from the BCT on the measured beam
intensity impairs the precision of the experiment by a factor 3.

BCTs are needed with better or even no ferrite-core.
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The Feasiblity of the TRIC Experiment at COSY

Thank You
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The Feasiblity of the TRIC Experiment at COSY

EDM violates:
• Parity
• Time reversal
• CP- conservation

(if CPT conservation assumed)

Standard Model values are tiny, 
hence:
An observed EDM would be

Sign of New Physics 
beyond

Standard Theory

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY

1.6×10-27•
•199Hg

de (SM) < 10-37

molecules:

after E.Hinds

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY

Vector [Tensor]

β+

ν
e

Scalar [Axial vector]

β+

νe

In Standard Model:
Weak Interaction is 

V-A

In general β-decay
could be also

S , P, T

⇒ nuclear β-decays, Experiments in Traps 
⇒ muon decays, Michel parameters

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY
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The Feasiblity of the TRIC Experiment at COSY

EDM of an elementary particle :

Observable : Eσ
rr

⋅

Quantity T          P
- -
-

-
-

p
r

E
r

B
r

p
r p

r

σr σr σr

E
r

E
r

B
r

B
rP-odd/T-odd experiment

Upper limit :                          (n-EDM)cme106 26 ⋅⋅≈ −

Deduced Strength for P-even/T-odd :   gρT : ~1.5 • 10-3

needed:  i) Quantization axis (Spin    )
ii) Electric field

σr

E
r

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY
The Quantity of Interest for a True P-even/T-odd Null-Test

n
r

5.9 MeV Neutron Transmission Experiment through 165Ho

J.E.Koster et al., Phys. Rev. C 49 (1994) 710

Observable : ( )( )221 pp σσσ rrrrr
⋅×⋅

Since the tensor polarization in 165Ho is generated by one valence nucleon, the effect
is diluted by the other 164 nucleons

Therefore:
Restrict experiment to most simple Spin1-Spin½ system, i.e.         scattering at COSY
(as an internal experiment)

d-p
rr

Result :      gρT : 2,3 • 10-2



D.Eversheim, SPIN- Praha-2008 July 23, 2008 36

The Feasiblity of the TRIC Experiment at COSY

Number of Spin ½+Spin ½
Observables

- unpol.
- pol.

Example:

∑
i

0 i
*

i= a aσ

±∑ ip j
, j

ol
*

i

= a aσ

256

128

36
25 3

M=f(a1···· a6)

M=f(a1···· a5)

Naiv + P  +  T  +  (64
Pauli

(N-N) (p-p)  (e-N)
· · ·
· · ·
· · ·
· · ·

The Quantity of Interest for a True P-even/T-odd Null-Test
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The Feasiblity of the TRIC Experiment at COSY

[Bistricky et al, J. de Phys. 39]

25 Observables for Identical Particles (Spin 1/2  + Spin 1/2 ) 

The Quantity of Interest for a True P-even/T-odd Null-Test
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The Feasiblity of the TRIC Experiment at COSY

24 parallele Stromleiter

Some Experimental Details
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The Feasiblity of the TRIC Experiment at COSY
Operating System Performance
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The Feasiblity of the TRIC Experiment at COSY

Dynamic Data Exchange

PCI CAMAC
Interface

CPU

Control

Graphical User Interface Double  Hard-
Buffer    Drive

HardWare

Real Time
Kernel

WIN XP Hard-
Drive

IST

Double  Buffer

Bridge

50 MB Data Buffer

Same or
Remote PC

Origin, Excel, Word Processing, . . . . 

DIR
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The Feasiblity of the TRIC Experiment at COSY

12

Interrupt Decoder

Digital I/O

Programmable
Devider

CAMAC

PC

Atomic
Clock

PCI-Slot

NIM

Scalers
L R

7 more Int´rpt Lines

Experiment
Control

Principle of „Dead-Time Less“ Data Acquisition
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The Feasiblity of the TRIC Experiment at COSY
Interrupt Response
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The Feasiblity of the TRIC Experiment at COSY

Residue

Gain

The Gain Riddle



D.Eversheim, SPIN- Praha-2008 July 23, 2008 44

The Feasiblity of the TRIC Experiment at COSY
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The Feasiblity of the TRIC Experiment at COSY

Intensity Modulations of ANKE Runs

Gain Correction Scheme
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The Feasiblity of the TRIC Experiment at COSY
Standard Deviations

1 mA Current
SD = 0.30 µA

Offset
SD = 0.29 µA

COSY 11
SD = 0.26 µA

TRIC
SD = 0.29 µA

The Standard deviations of residues compare and are well within the limits



D.Eversheim, SPIN- Praha-2008 July 23, 2008 47

The Feasiblity of the TRIC Experiment at COSY

50500.040.0011.291493.573.70.52-2916ANKE

1016.70.90.098.311.90.81.70.37-72COSY11

4.7612.513.22.8647.81.220.10.10.36-2.86TRIC

[h][h]

J
[h][nA/s][nA/s]

Expected

[nA/s][µA]

Mean
Slope
[nA/s]

Experiment Residualsσ Slopeσ Slope
Distr.σ τσ Distr.

τσ Slope
Distr.
Slope

σ
σ

Distr.
τ

τ

σ
σ

Slopeσ

Comparison with other Experiments
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The Feasiblity of the TRIC Experiment at COSY

0.941.161.230.35-2.09
Model Spectrum
!100pts

10.040.040.35-2.17!1000pts

12.50.50.040.050.39-0.09!1000pts

4.85.31.11.70.33-0.2
10mA 
!100pts

50500.040.0011.291493.573.70.52-2916ANKE

1016.70.90.098.311.90.81.70.37-72COSY11

4.7612.513.22.8647.81.220.10.10.36-2.86TRIC

[h][h]

J
[h][nA/s][nA/s]

Expected

[nA/s][µA]

Mean
Slope
[nA/s]

Experiment Residualsσ Slopeσ Slope
Distr.σ τσ Distr.

τσ Slope
Distr.
Slope

σ
σ

Distr.
τ

τ

σ
σ

Slopeσ

Comparison with other Data
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The Feasiblity of the TRIC Experiment at COSY
pp-, pd- and Coulomb- Cross Section
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The Feasiblity of the TRIC Experiment at COSY
Present precision

( )
I
I

2
1AST xz,y

δ
⋅≅δ⋅−=∆δ

5
0 y xzS d PP N 2.9 10−=σ ⋅ρ ⋅ ⋅ = ⋅

Starting from : with: 0

11 2

x yz

6 9

11
0

80mb

d 3 10 Protons / cm
P , P 1

N 1200s 10 Hz 1.2 10 turns
I 32mA (Space ch arge limit 2 10 )

σ =

ρ = ⋅
=

= ⋅ = ⋅

= ⋅

giving for a 20 min.
measurement:

The BCT resolution is 0.5µA for 1s measurement:

70,5 A 1I / I(@20min) 4.5 10
32mA 1200

−µ
δ = ⋅ = ⋅

This results in: y,xz
1 I 1A 0,011

I S2
δ

δ ≅ ⋅ ⋅ =

Use of a targetcell ()180) and measuring for 10 days (                                           )6
y,xz720 A 2.2 10−÷ → δ ⋅

Combining data at present is worse by a factor 4: → ⋅ -6
y,xzδA = 8.8 10
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The Feasiblity of the TRIC Experiment at COSY

Polarization Spin Rotation
Determination
of Ensemble 
Spin average

PreparationPreparation
of 

“pure“ J  stateJ  state

Interaction Interaction 
with 

EE -- fieldfield

AnalysisAnalysis
of

statestate

Example: D=10-24 e cm, E=100 kV/cm, J=1/2
                           ωe = 15.2 mHz

electric dipole moment:       D = η µx c-1 J

Spin precession :                 ωe = 
h      |Ε×J |

D•Ε     Ε×J  

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY

Theoretical input needed

205Tl: d = -585 de

199Hg: 
d ∝ nucl×atom

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY

EDM Limits as of June 2004EDM Limits as of June 2004



D.Eversheim, SPIN- Praha-2008 July 23, 2008 54

The Feasiblity of the TRIC Experiment at COSY

•• Large number of Possibilities to

- Find Physics Beyond Standard Theory

- Determine Standard Model important Parameters

Urgent issues to be solved in Theory and Experiment  

In the area of Fundamental Symmetries and Interactions there is
large overlap between Astro-, Particle-, and Nuclear- Physics

⇒ Fields merge
⇒ Low energy Precision and High Energy Direct approaches

are complementary

Enourmous benefit from a High Power Proton machine expected

Some Introductory Remarks
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The Feasiblity of the TRIC Experiment at COSY
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The Feasiblity of the TRIC Experiment at COSY
Some Experimental Details

Theoretical bound on TRV by rho exchange

M. Beyer, Nucl. Phys. A560 (1993) 895
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The Feasiblity of the TRIC Experiment at COSY


