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Motivation

 Reconstruction of spin dependent np amplitudes

 Single and double polarized CE reaction

 Polarimetry of deuteron beam and hydrogen target is 

needed

dp→(pp)1S0  
n
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Experimental tools: COSY & ANKE

 Polarized and unpolarized 

proton and deuteron source

 Protons up to 2.88 GeV

 Deuterons up to 2.23 GeV

 Internal and external 

experiments

ANKEANKE

EDDAEDDA

LEPLEP
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Single polarized experiment: Beam polarimetry

 dp → dp

 Td = 270 MeV

 Ay, Ayy (65° – 95°)c.m. 

 dC → dC

 Td = 75.6 MeV

 Ay(40°) = 0.61 ± 0.04
S.Kato et al. 

Nucl.Inst.Meth. A 238, 453 (1985) 

K. Sekiguchi et al. 

Phys.Rev. C 65, 034003 (2002)
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Pz ≈ 75 %    Pzz ≈ 60 %

Slope = 1.05 ± 0.06
Offset = 0.04 ± 0.01
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Td = 1170 MeV

 dp → dp

 dp → dpsp π0

 dp → 3Heπ0

 dp → (pp)n

Single polarized experiment: ANKE acceptance

→

→

→

np → dπ0
→
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Single polarized experiment: Reaction identification

Low branch High branch

dp → dp

dp → dpsp π0 dp → (pp)n

dp → 3Heπ0

mπ0
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SAID

ANKE

Single polarized experiment: Ay, Ayy measurement

(Tn = 585 MeV)

dp → dp

dp → 3Heπ0

np → dπ0

dp → (pp)n

D. Chiladze et al. Phys. Rev. STAB 9, 050101 (2006) Depolarization less then 4%

ANKE
ANKE

ANKE
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Single polarized experiment: CE reaction

dp→(pp)1S0  
n

 →

Transition from deuteron to (pp)1S0
: pn → np spin flip

Obtain np elementary spin-dependent amplitudes:

D.Chiladze et al. Phys. Let. B 637, 170 (2006) 

2222
,,,, εδβγσ +⇒xxyy AA

dt

d
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Polarization export

 Polarized deuteron beam

 Td = 1.2, 1.6, 1.8 GeV

 Nd = 1.8 x 1010 ,  1.6 x 1010

FT3

FT4

1.2 GeV

1.8 GeV

1.6 GeV

FT1

FT2
1.2 GeV

ResultsResults

εy I  = -0.213 ±  0.005

εy III = -0.216 ±  0.006

εyy I  = 0.057 ±  0.003

εyy III = 0.059 ±  0.003

Time

II

I III

1.2 GeV 1.2 GeV

1.8 GeV

Energy rampingEnergy ramping εy I = εy III

εyy I = εyy III



31.05.2007 Polarimetry at ANKE 11

Double polarized experiment: New tools

 Polarized deuteron beam

 Polarized H cell target

 Silicon Tracking Telescope
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Double polarized experiment: Target polarization

 Unpolarized deuteron beam

 Target polarization “spin-up”, 
“spin-down” flipping in every 5 
sec.

 dp → dpsp π0

 Ay(pp→dp+)  from SAID

(Tp = 585 MeV)

ANKE
range

ANKE
range

→
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Double polarized experiment: Target polarization
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Double polarized experiment: Target polarization

“Spin-up”

“Spin-down”
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Double polarized experiment: Target polarization

( ) ( ) ( )( )ϕθθϕθ cos1, 0 ⋅⋅+=↑
yy AQNN

( ) ( ) ϕθθε cosyy AQ
NN

NN =
+
−=

↓↑

↓↑

07.079.0 ±=yQ

( ) ( ) ( )( )ϕθθϕθ cos1, 0 ⋅⋅−=↓
yy AQNN

( ) ( ) ( )( )ϕθθϕθ cos1, 0 ⋅⋅+= yypol AQNN



31.05.2007 Polarimetry at ANKE 16

Double polarized experiment: Beam polarization

 Polarized deuteron beam

 Cell target

 Injection with stacking

 dp → dpsp π0 for Pz

 dp → dp for Pz and Pzz
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Double polarized experiment: Beam polarization

5°-15° 15°-22° 22°-28° 28°-40°

155°-165° 165°-170° 170°-177°
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Double polarized experiment: Beam polarization
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Summary & Outlook

 Polarisation standard at 1.2 GeV

 Polarisation export technique

 Double polarized dp→(2p)n reaction

 Analyse Feb`05, Nov`06 and Jan`07 data

 Polarimetry for dp→3Heη
→
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Introduction: np amplitudes

In collinear
kinematics

over a range in  t
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dp→(pp)1S0  
n
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Bugg, Wilkin; NP A467(1987) 575
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Experimental tools: COSY

 Polarized and unpolarized 

proton and deuteron source

 Protons up to 2.88 GeV

 Deuterons up to 2.23 GeV

 Internal and external 

experiments

ANKEANKE

EDDAEDDA

LEPLEP
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Experimental tools: ANKE setup

Td = 1170 MeV

 dp → dp

 dp → 3Heπ0

 dp → dpsp π0

 dp → (pp)n

→

→

→

→
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Introduction: NN Scattering

 Characterization requires precise 

data for Phase Shift Analyses

 Current experimental status of NN 

data:

 pp system (I=1) well-known up to 2.5 

GeV  (EDDA): Majority of data on 

unpolarized, single, and double 

polarized observables

 np system (I=0) poorly known →

ANKE will provide high-quality data in 

forward/backward region
Ayy

dσ/dΩ

np forward

np charge-exchange

 np forward 

np charge-exchange

ANKE
range

ANKE
range
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Introduction: np amplitudes

 The amplitude of the elementary np→pn reaction:

 In the impulse approximation the deuteron charge-exchange amplitude:

 Single polarized charge-exchange reaction dp→(2p)n

 Direct reconstruction of the spin-dependent np amplitudes

 Double polarized charge-exchange reaction dp→(2p)n

 Measurement of spin-spin correlation parameters

2222
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Double polarized experiment: Target polarization


