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OUTLINE 

Ò  Introduction to Juelich Research Center 

Ò General idea of Spin Filtering 

Ò Current Results and Further plans 



JUELICH RESEARCH CENTER 
Ò  4,600 employes 
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more than 70 countries 
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1800 publications 
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HADRON PHYSICS  
Ò  Understanding of all matter comprised of quarks and gluons 

Proton spin 

“Spin Crisis” 

QCD has not yet provided complete explanation 
on structure of hadrons 
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MOTIVATION 
•  Number of New Fundamental 

Observables 
(which can’t be studied without transverse 
polarization of protons and antiprotons) 

 
If the  hadron is polarized upwards, it's 
the difference between the probability of 
finding a quark polarized upwards 
minus the probability of finding a quark 
polarized downwards. 

•  Transversity distribution 
(missing piece of QCD 
description of the nucleon 
partonic structure) 

Drell-­‐Yann	
  Process	
  



POLARISED ANTIPROTON EXPERIMENTS 

•  After 2015:  PAX at 
FAIR:  

Collide polarized 
protons and polarized 
antiprotons 
 

2010-2012:  Spin Filtering Studies for 
protons at COSY 

•  2012-2015:  Spin-Filtering Studies for 
antiprotons at CERN AD 



CAN WE POLARIZE ANTIPROTONS? 
 

Ò  By stochastic method (No) 

Ò By Spin Filtering 
demonstrated by FILTEX 

​Δ𝑃/Δ𝑡 =±(1.24±0.06) ​10↑−2 ​ℎ↑−1 )  

Interesting experiments on the spin dependence should be possible, even if the 
achievable polarization of the stored antiproton beam is a few percent.  

Ò  From polarized ion sources  (No) 

Ò  From	
  polarized	
  hyperons	
  (low	
  intesni3es)	
  

Ò By	
  Spin	
  Flip	
  	
  
(showed	
  small	
  cross	
  
sec.ons	
  4 ·​10↑6  b and 7 · ​
10↑6 b)	
  



HOW DO WE SPIN FILTER? 

-  Hits polarized target 
𝑃(𝑡)= ​​𝑵↓↑ − ​𝑵↓↓ /​𝑵↓↑ + ​𝑵↓↓   
-­‐  𝝈(↑↑)≠ 𝝈(↑↓) 
-  One spin direction  
depleted more than the 
other 

-  A fraction of beam is 
lost 

-  BUT: the left beam is 
polarized 

Unpolarized beam starts circulating in the ring 

-  In other words: more protons with spin in direction parrallel to the 
one of the target 



FIGURE OF MERIT 

 
HIGHEST POSSIBLE BEAM POLARIZATION: 

AS SMALL AS POSSIBLE FILTER TIMES:  

•  The maximum target density  ​𝒅↓𝒕   

•  Maximum spin-dependent cross section ​
𝝈↓𝒑  (corresponding energy of the beam)  

•  minimize the Coulomb beam losses 

•  Elimination of the effects of 
depolariziation 

•  Increase  of the beam lifetime  
(Minimal for spin-filtering  at COSY is 5000 s) 
In 09.2011 average 8000 

𝒕~𝑭𝑶𝑴= ​𝑷↑𝟐 𝑰  

​𝒕↓𝒇𝒊𝒍𝒕𝒆𝒓 =𝟐 ​𝝉↓𝒃𝒆𝒂𝒎  

Optimum time for 
Polarization Build-up,  
given by maximum of 
FOM(t) 
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𝐼(𝑡)= ​𝑰↓↑ (𝒕)+ ​𝑰↓↓ (𝒕)= ​𝑰↓𝟎 ​𝒆↑− ​𝒕/​𝝉↓𝒃   𝒄𝒐𝒔𝒉(​𝒕/​𝜏↓𝑝  ) 𝑃(𝑡)= ​​𝑰↓↑ (𝒕)− ​𝑰↓↓ (𝒕)/​𝑰↓↑ (𝒕)+ ​𝑰↓↓ (𝒕) =𝑡𝑎𝑛ℎ(​𝒕/​𝜏↓𝑝  )  



COSY (COOLER  SYNCHROTRON) 
"   Unpolarised and transversely polarized 

proton and deuteron beams 

"   Momentum  range:  
300MeV/c - 3.7 GeV/c 
 
"   183 m circumference, including   
two 40m straight sections 
 
"   For 300-600MeV range: electron cooling; 
 for higher energy: stochastic cooling 
"   Ring Acceptance: 
27.0 ± 3.4 7.7 ± 1.2π mm mrad 
17.4 ± 2.2 3.4 ± 0.6 π mm mrad 
 
"   Internal experiments:  ANKE, PAX, WASA 

COSY-11, EDDA;  

"  External: TOF, JESSICA and etc. 

ANKE 

TOF 

WASA 

PAX 
EDM 



WHY COSY IS SO COOL? 
ELECTRON COOLING STOCHASTIC COOLING 

-  High quality electron beam 
injected into the straight section 

-  Electrons velocities spread: 
1/100 000 of the average velocity 

-  Average V(el)=V(pr)  
-  Electron Beam Current >>Proton 

BC 

L: Difficult to accelerate an intense beam of 
electrons by more than ~100 KV 

-  Sensor: the average position of  
circulating particles with respect  
to a central orbit 
-  Signal proportional to the  
displacement sent to another point 
-  Corrective pulse forces the particle  
to approach the central orbit 

-  Obvious for 
one particle 

-  Shown that 
works for 
many 
particles as 
well 



PAX HARDWARE 

Atomic Beam Source 
(ABS):  
polarized atoms (H, D); 
 
Storage cell to 
increase target density; 
 
Breit-Rabi Polarimeter: 
Monitoring of target 
polarization; 
 
Silicon Tracking 
Telescope: 
Particle tracks and 
energy 
 
 
 



ANKE SECTION  

3 layers of double – sided silicon-strip 
detectors 
Surround  target from  2 sides 

Particle tracking -> Vertex 
 
Stopping particle -> Total 
energy 
 
Distinguishing protons and 
deuterons 

"   Unpolarized deuteron cluster 
target 

"   Silicon Tracking Telescope  
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POLARIZATION MEASUREMENT 
​𝒅𝝈/𝒅(𝜽,𝝋) = ​𝒅​𝝈↓𝟎 /𝒅(𝜽) [𝟏+𝑷​𝑨↓𝒚 (𝜽)𝒄𝒐𝒔𝝋] 

Ò  For pd-pd ​𝐴↓𝑦  Analyzing Power is well known 

Ò  𝜀= ​𝛿−1/𝛿+1 =𝑃​𝐴↓𝑦 (𝜃)  
 count-rate-asymmetry 

Ò  𝑷= ​𝜺/​𝑨↓𝒚 (𝜽)⟨𝒄𝒐𝒔𝝋⟩  

After 4.5 hours of polarization PAX polarized target is turned off and ANKE unpolarized 
deuteron target turns on 



SPIN FILTERING CYCLE 
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FULL DATA ANALYSIS 

Ò  the detector stability should be checked 

Ò  the reaction independent track reconstruction 
should be performed, various cuts should be 
applied to identify protons and deuterons and 
reactions they came from 

Ò  and finally the polarization (count-rate asymmetry 
is determined, additionally error estimation should 
be done.  



DETECTOR EFFICIENCY 

The left and 
right 
telescope 
efficiencies: 
 
Number of  
recorded 
tracks 
normalized  to 
the beam 
intensity 

Number of 
detected 
deuterons  
around the  ​
𝑨↓𝒚 =𝟎 point  point 
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PEDESTAL STABILITY 

Ò  On each stripe small signal 
(pedestal) is given to test 
detector stability 
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GEANT4 SIMULATION 

Ò  𝐇𝐢𝐭𝐬:𝐜𝐨𝐨𝐫𝐝𝐢𝐧𝐚𝐭𝐞𝐬,  𝐞𝐧𝐞𝐫𝐠𝐲  𝐝𝐞𝐩𝐨𝐬𝐢𝐭𝐬  𝐢𝐧  𝐥𝐚𝐲𝐞𝐫𝐬  
Ò  Tracks:𝛉,𝛗  
Ò  Particle type, kinetic energy, stopped or not 
Ò  Not isotropically (crossections from experiment at 46.3 MeV were 

used to fit)  

Tracking of particles through a current experimental setup geometry 
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STT CALIBRATION QUALITY 

Total energy deposit 
and reconstructed 
kinetic energy  
correlation for 
stopped deuterons 
and stopped in the 3rd 
layer protons 

Energy deposits in 
first and second 
layer (red line- 
simulation by 
GEANT4 , blue 
crosses-
experimental data) 
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PRELIMINARY RESULTS 
𝛿= ​𝐿/𝑅 = ​1+𝑃​𝐴↓𝑦 (𝜃)/1−𝑃​𝐴↓𝑦 (𝜃)  

Ò  𝑃= ​𝜀/​𝐴↓𝑦 (𝜃)⟨𝑐𝑜𝑠𝜑⟩  
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WORK IN PROGRESS 

Ò  Calibrate analysis using data with unpolarized beam. 
(precise measurement of zero) 

Ò  Run analysis using data with high polarized beam 

Ò  Check and handle dead time 

Ò  Optimize energy calibration 

Ò  Identification of protons from pd-elastic  to increase 
statistics (background from break-up reactions) 
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CONCLUSIONS 
Ò  Spin Filtering Experiment successful performance at COSY 

Ò  Necessary subsystems work as expected or even better 
 
Ò  Sufficient data for statistical significant result 

Ò  Collected data to gain experience in high precision 
experiments 

Ò  Preliminary result (holding field up) is close to expected 
0.006+-0.00015 

Ò  If PAX goes to CERN with AD ring acceptance 220 π mm mrad 
antiproton polarization of several percent is expected 
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