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What is NA59?

• Fixed target exper iment at CERN with 
unpolar ized 180 GeV electrons.

• Purpose: test the birefr ingence of crystals 
to develop:
–  ll /4 plate for E/4 plate for E��  > 100 GeV  > 100 GeV 

– polarimeters for polarimeters for  �  � beams beams 

• By-product:
–  test new LARGE single crystal diamondstest new LARGE single crystal diamonds



Why NA59 results could be impor tant 
for  both near  &  far  future?

�

‘‘ Spin Crisis’Spin Crisis’ :  Polar ized Open Charm
• Create circularly polar ized g 

star ting from unpolarized electrons

�

‘‘ Higgs-Factory’Higgs-Factory’ :   g g Collider  

• Positron source, monitor  g  pol.

•High s, lower energy  Ee+e , etc.

•Manipulation of both linear and 
circular polar ization … CP and 
Yukawa proper ties of Higgs can be 
studied



Contr ibutions to the Nucleon Spin



DIS with charged leptons:s=s- 0.5Ds hl



What Could be wrong?  
(1) F/D parameters measured in hyperon 
semi-leptonic decays not proper ly used

• A 15% reduction in F/D 
would reduce the effect …. 
SU(3) symmetry breaking 
effects needs to be better  
understood.

• KTeV data on X0® S+l-nl   

already making an impact 
(SU(3) problems reduced)

• NA48 is next…sample at 
least 10X bigger



Or (2): Dg ¹ 0        a0 ¹  D S 
due to gluon contr ibution 



Basic Concept to create circular  ’ s�  

FOCUS  over… improve COMPASS (change m-beam to � -beam)



Exper imental Setup

•Spectrometer for pair reconstruction
•EM for measuring full energy loss
•Si detector to measure beam multiplicity
•2 analyzing crystals used for linear polarization  
(Ge & Diam.)  to test method



Beam (proper angular divergence) 
Spectrometer  (good acceptance)

122= 1 hit CH1+2 hits CH2
       + 2 hits CH3



NA59 Exper iment requirement

• Large number of high energies ’s� , 
therefore cannot use an amorphous 
mater ial to make e- radiate, because in 
that case  the energy distr ibution of 
emitted ’s  goes as 1/E� �

• High degree of linear  polar ization for  the 
emitted ’s �

�

Both requirements can be achieved from Both requirements can be achieved from 
coherent radiation of e- in an aligned coherent radiation of e- in an aligned 
crystal crystal 



SOS= String-of-String            CB=Coherent Bremstrahlung

Enhancement of HE ’s in � e-e- �  for  
e- radiating in aligned crystals

SOS radiation has 2 components:
•CB from the str ing of atoms 

• High energy �
• Not polar ized

•Channeling
• Low Energy �
• 100% linear ly polar ized

CB radiation across plane:
• Moderate Energy
• Moderate linear  pol.



Radiator  Crystal: Aligned 1.5cm 
Si crystal 

SOS 10 �
�

CB 3 �
NA59 data

Total radiated
 energy with NA59 

radiator setting.
total energy radiated 

measured with 
 calorimeter



CB Setting 
deduced from 
data – 70 rad �

from á100ñ Calorimeter

Spectrometer

Crystal radiator setting
checked from the data:
•Enhancement
•Single �



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

polar ization 

Single  �
intensity



Stokes parameter  used to 
descr ibed polar ization

Pcircular
2= � 2

2

Plinear
2= � 1

2+� 3
2

Ptotal
2= � 1

2+� 2
2+� 3

2

Measure with crystal at 45 o vs 135 o

Measure with crystal at 0 o vs 90 o� 3

�

� 1

�

� 2

�

Not measurable using crystals



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

� 1»0,  � 2=0,  � 3¹ 0

Linear polarization Linear polarization 
produced perpendicular produced perpendicular 
to the  crystallographic to the  crystallographic 
plane of the crystal plane of the crystal 
radiatorradiator



NA59 Purpose #2:  Use birefr ingence 
capabilities of crystals to develop 

polar imetry techniques

Proposed by Cabibbo ‘62:Proposed by Cabibbo ‘62:
 L inear  Polar ization analyzer(Abs.):

Á (nûë-n||) µ   s(� ûë

�e+e) -s(  � ||

�e+e-) 
µ  Wûë - W||

Wi depends in the relative angle between the 
crystal plane and the  polar ization�



Descr iption of Asymmetry

�

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



Increasing sensitivity with y cut 

(Apyan et al) 

Á (nûë-n||)  strongly dependent on y=E �  /Ee



Analyzer  Crystal: 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 



Data Taken – Si Radiator  1.5 cm

� 2
Ge

1.0cm
ellipticalLambda/4CB

� 1,� 3
Diamond

4mm
linear      ----CB

� 1,� 3
Ge

1.0cm
linear      ----CB

GoalAnalyzer 
setting

Induced

Polarization

Pol. 

Conversion

Radiator

setting

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



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 revealed one misaligned 
tile, 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 at high energies.

This method to analyze linear polarization does 
work with the chosen crystal settings. 



NA59 Purpose #1:  Test 
birefr ingence capabilities of 
crystals   to make l /4-plate

Proposed by Cabibbo ‘62:Proposed by Cabibbo ‘62:
 l /4-plate requires (Dispersive par t):

 Â  (nûë-n||) E� = p / 2 / L

Where L is the crystal length



l /4 -  Plate  Crystal: 10 cm Si

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



l /4 -  Plate: Length dependence

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



l /4 -  Plate… some comments 

1)   I f Ptot(0) ¹  1,  then

    (� 2 
2(L ) +� 3 

2(L ) ) / ( 1 - � 1 
2(L ))= const.

5)10 cm thick  Si       2 cm Diamond
18% of  survive �  80% 

Initial motivation to develop diamond
tiles…. 



Data on Calor imeter  Energy 
With/Without  l /4 -  Plate

High �  multiplicity
region

Low �  multiplicity
region

X0 Si = 9.36 cm



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

Quarter Wave
Plate in



Change in Polar ization due to l /4- Plate 



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

l /4 -  plate 

� 3reduced

� 1created

2x more data available



Summary: Results useful for  LC

• Cabbibo was right! aligned crystals show 
birefringence at GeV energies

•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 (e- and  )�  

�

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

•Diamonds are the way to go….



Now, what about physics 
beyond the Standard Model?

NLC-TESLA
ee




Zh
CLIC

gg  gg  

�

�

 H, A H, A   cover  the whole 
tanb-MA plane 

gg  gg  

�

�

 h h         Measure G g g 

gg||||  gg||||  

�

�

 h h       CP violation!!!

gg  gg  

�

�

 h h 

ee

�

 X

CLIC-1CLIC-1

Multi-TeVMulti-TeV



g g covers 
the missing 
LHC-LC 

region



Signal for  hsm for  gg colliders with 
NLC parameters (CLIC1=2*NLC)  

complete laser  design available

Pcir=80% Plin=60%



Compar ison of luminosity for  circular  
and linear ly polar ized lasers

P = P’  = -1  x=4.5  Ee = 103 GeV

-100% laser   pol. 

 gives  60% linear  

 pol.

-Ee=206 GeV,  

 1m laser

-CP-even Higgs: 

dA3 = 0.016, 

dA3/A3= dCP/CP

   = 0.11

�

 107 s



CP Determination of SM Higgs
and possible CP-admixture

New physics could be hidding here!



Keep in mind… not easy to 
measure CP at LHC and LC

• In both cases the can use the analyzing 
power of t -decays

• In associate produciton with top  tth

• For  the heavier  higges, we can also use 
ZZ-decay mode.

�

 All the above work in a given region of 
tanb-M A plane 



How are this linear ly polar ized beam obtained?



To get high degree of linear  
polar ization x»0.5

• That means …  for  a 120 GeV Higgs
– Ee=250 GeV 

�

 Eg = 60 GeV

– Laser 10 mm  (CO2 laser  under  consideration, 
technology not demostrated, but we will get 30% 
better  presicion on dCP/CP )

• This method becomes almost impossible to
produce linear  polar ization of heavy Higgs 



Can we improve the linear ly 
polar ized beam and develop 

method for  the Heavy Higgs era?
Crystals come back….
CB radiation could give
The linear polarization
And luminosity needed
Ex:
     E e= 250 GeV
    4 mm diamond
    64 % conversion eff.
    q  = 40 mrad
    y  =  25 mm 



At a 120 GeV the polar ization is
~80 % and Luminosity higher  that 

with laser… to be look at more 
carefully… tuned for  Mh=120 GeV

Ignore
units on 
luminosity 
for now…



Conclusion

THINK OUT SIDE THINK OUT SIDE 

THE BOX…THE BOX…

Beam and detector  R& D crucial for  the
                   future of our  field


