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Purpose:  Test birefr ingence 
capabilities of crystals for  ’s with �

50<E� <150 GeV

Proposed by Cabibbo 62’ :Proposed by Cabibbo 62’ :

*  l /4-plate requires (Dispersive part):

 Â  (nûë-n||) E� =p/2

*  Linear Polarization analyzer (Abs.):
Á (nûë-n||) µ   s(� ûë

�e+e) -s(  � ||

�e+e-)



Basic Concept

Step 3:
Analyze

Polarization

� �e+e-, r 0

�

p+p-

Step 2: 
Convert 
Linear to 
circular

Polarization

Step-1: Produce
Linearly polarized �



SOS= String-of-String
CB = Coherent 
         Bremsstrahlung

 beam produced from e� -e-  �
radiation by e- passing through an 

aligned crystal

SOS 10 �
�

CB 3 �

Total radiated energy
in calorimeter

NA59 data



SOS
CB

Already proven
By others

Expected linear  polar ization for  chosen 
CB and SOS settings,&  beam divergence

� 1»0,  � 2=0,  � 3¹ 0

Not consistent
With NA43 results



NA43 Results – SPSC request to 
redo measurement

• Made first usage of birefringence
effects of crystal at high energy 
(use  absorptive component to 
measure linear component) 

�

From our NA59 data we will 
show, not to be true

• High Energy SOS radiation
100% polarized

�

From our NA59 data we will 
show, not to be true



Beauty of NA43 findings about SOS 
radiation is the large enhancement 

of high energy ’s produced�  



Stokes parameter :

Pcircular
2= � 2

2

Plinear
2= � 1

2+� 3
2

Ptotal
2= � 1

2+� 2
2+� 3

2

We always 
Generate

� 3

Measure with crystal at 0 o vs 90 o

Measure with crystal at 45 o vs 135 o



Data Taken – Radiator  1.5 cm

� 3
Diamond

4mm
close to 0      ----SOS

� 2
Ge

1.0cm
ellipticalLambda/4CB

� 1,� 3
Diamond

4mm
linear      ----CB

� 1,� 3
Ge

1.0cm
linear      ----CB

GoalAnalyzer 
setting

Induced

Polarizatio
n

Pol. 

Conversion

Radiator

setting

CB:   =5.0 mrad from (110)  �  = � 70 rad from � á100ñ
SOS: =0.3 mrad from (110)  �  =�    0 rad from � á100ñ



Setup: Improved with respect to NA43

• Spectrometer for analyzing polarization
• Add rotation stage to crystals analyzer, to “ fix”  analyzer
and reduce systematic uncertainties
• Increased  transverse area of Calorimeter (needed for r 0

�

p+p- )
• Add Silicon detector to improve vertex reconstruction
of  r 0

�

p+p-

• Two analyzing crystal used for linear polarization  (Ge & Diam.)



Beam (proper angular divergence) 
Spectrometer  (good acceptance)



Test of Absorptive par t of
crystal  birefr ingence – L inear  
Polar ization  measurements 

using aligned crystals
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Increasing the sensitivity (Apyan et al) 

Á (nûë-n||)  strongly dependent 

on   y=E �  /Ee



Summary of analyzing power
for  all measurements made

Ge 3 mrad
from axis á100ñ
On the (110) plane 

C 6.2 mrad
from axis á100ñ
465 microns 
From (110) plane 

C 6.2 mrad
from axis á100ñ
560 microns 
From (110) plane 



CB Setting 
deduced from 
data – 70 rad �

from á100ñ 
Calorimeter

Polarization Predicted

Spectrometer



CB Prediction &  Data in good 
agreement, so let’s check the 

polar ization 

Single  �
intensity

Total rad.
enhancement



Descr iption of Asymmetry

�

Analyzing Power for both Ge and Diamond can be 
calculated in a reliable way! 



CB &  Ge-analyzer  asymmetry 
to measure � 1»0 &   � 3¹ 0 � 1� 3



Diamonds

Synthetic large  crystal diamonds 
produced by de Beers, in collab. 
with Friedel Sellschop

High purity diamonds, 
pre-aligned tile array 
made by Andreas 
Freund @ Grenoble



90 degree

Individual 
Diamond Tiles 

Identified 
Offline

0 degree 90 degree

Configuration for 0 and 90 degrees

4 tiles:
8mm X 8mm 
 4mm thick



Scanning given tile missed 
alignment,asymmetry shows which 

one  
Tile off by 2 degrees



The asymmetry for  tile 3 and 4 
of diamond ar ray 

Bad Tile Good Tile

	

Tile #3 excluded from all analysis, alignment problem believed to 
have occurred during transportation (Tile #1 & 2, also ok!) 

3 4



Results with 
diamond analyzer
•Same beam polarization 
& conditions as with Ge,
but asymmetry is about 
2x larger, as expected 
due to the higher
analyzing power of 
diamond  
•Asymmetry between 
50-60 GeV, appeared  
due to analyzing power 
of diamond in that 
region,  not present in Ge



Aligned Crystal Suitable as 
L inear  Polar ization Analyzer

•Difference in  � absorption  due to birefringence 
effects (Imaginary Component) in aligned crystals 
is  clearly visible.




This method to analyzed linear polarization does work
With the chosen crystal settings. 

�

Will used diamonds that have the higher analyzing 
power to check the linear polarization in SOS-radiation…



SOS – Checks  before looking 
at  polar ization

Good agreement found
for both:

•Single  spectra�

•Radiation 
 Enhancement 
(factor of 20 at HE)

while ~0 polarization
is predicted at HE



SOS-radiation  polar ized at HE? 

�

Consistent with 
Polarization <5% as 
predicted

� 3




Recall, large analyzing 
power for the chosen diamond 
orientation 

40% if NA43 asymmetry 
result is true 

?



Direct compar ison between 
analysis done by NA43 and NA59

Spectrometer basedCalorimeter based



NA43 results unphysical from the 
polar ization point of view

According to the analyzing power of their analyzer setting
they have >> 100% polarization… 300% 

�

 

�

1.5 mm diamond  with respect�

 to á100ñ axis,& sitting in (110) plane 

1 mrad

2 mrad



Quarter  Wave Plate

• The Si l /4 plate crystal 
mounted on the annular stage.  
The crystal has a diameter of 
5cm and a length of 10 cm.



Quarter  Wave Plate

Polarization conversion in the Si l /4 plate as a  function of 
crystal thickness. (Stokes parameters)



Data on Calor imeter  Energy 
With/Without  Quar ter -Wave 

Plate

High �  multiplicity
region

Low �  multiplicity
region



Increased in  m� ultiplicity observed 
as expected (18% of   survive)�  

Quarter Wave
Plate in



Expected  polar ization transformation

0 before

0 before

Measure
From 
r 0

�

p+p-

    

Measure 
From

� �e+e



Detection of polar ization from 
asymmetry measurement after

Quar ter -wave plate 

� 3reduced

� 1created



Closer  look at 
generation of 

� 1 
If we use pair-triggered
events that are not fully 
reconstructed, but with 
hits in chamber closest to 
analyzer, and satisfying 
all trigger conditions:

�

Effects persist, and 
We have 5x more data.



SPS schedule and beam usage

Results shown so far are only for the 2000 data taking

6 days  off – 
 gone

�



1999 Run– Show we could used
asymmetry measurement

3 days of
Data taking



1999 commissioned Silicon 
Detector  need in r 0p+p-



1999 We learn about beam 
stability requirements



Rho



Still to be done

Four publications under preparation:Four publications under preparation:
• Creation and Measurement of Linear Polarization in 
Multi-GeV Photons Using Aligned Crystals
• Polarimeter Technique Using Aligned Crystals for
Photons in 20-270 GeV Range
• Linear to Circular Polarization Conversion Using 
Birefringence Properties of Aligned Crystals for Multi-GeV
Photons 
• Investigation of Linear Polarization In Planar Coherent
Bremsstrahlung

Later another publication on:Later another publication on:
•Shower Profile from an Aligned Crystal (& Multiplicities)



Conclusion
• Cabbibo was right!!   aligned crystals show birefringence

•Â  (nûë-n||)   … Allow us to make l /4 plate

•Á (nûë-n||)  … Much faster polarimeter techniques

�

These two features can be combined to make beam
Polarization monitors for future LC

�

 Calculations needed for predicting these effects seem
to be well under control… good agreement between
data and prediction.

•SOS radiation not polarized, what NA43 observed was not 
due to polarization of the high energy photons
•Diamonds are the way to go….



What is next…

�

Many thanks to N. Doble, and NA48-CERN group

• Moving to SLAC E160 experiment (Spin Structure
of nucleon, from Photon-Gluon Fussion) :

• Photon beam to be made with aligned crystals,
starting from polarized electrons
• Quarter-wave of diamonds-tiles 

�

 

�

Now  to go from circular to linear polarization
…. Much easier to study the effect because we
can use crystal based techniques like the ones
used at NA59, rather than r 0


