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Detector EDDA

Using Rings in addition to bars

Beam displacements – linear and angular

Choice of the target
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Simulation – quality of the model 
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Designed for
Analysis of Phase Shifts

Excitation Function 
Data Acquisition
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Dead or
Alive

Elastic 
Dibaryon
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� and � segmented detector

Energy in September:
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Moved EDDA downstream by 12.3cm
To gain ~1���������	��
��


p= 0.97 GeV/c

bars

rings
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bars

tube
target

deuteron beam

locus where deuterons stop

beam pipe walls



Monte Carlo simulations : 
forming
ESUM = 1.8 EBAR + ERING
yields narrow elastic peak 
over stopping angle range.

Bars were gain-matched to each other.  
Rings were included, 

for stopping elastic deuterons, 
by comparing to bar signals. 
A good match results in a narrow peak in 
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over stopping angle range.

ESUM

(MeV)

A good match results in a narrow peak in 
the sum.

Resulting energy spectrum for
third EDDA ring ESUM signal.
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scattering angle  (deg)



Our model contained a 
large breakup component
which is missing.

���
�������
����
�������
����
�������
����
�������
�

E
[r

in
g] Peak is dominated

by elastic scattering.which is missing. E
[r

in
g]

E[bar]

Rest of spectrum
is sum of (d,d’),
(d,p), and (d,pn).

elastic

breakup
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E[sum]
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Run here:
Largest  (not by much)
of the analyzing powers
on the high FOM plateau

Expectation from Monte Carlo model:

Elastic only:    A = 0.55                    Eff. = 0.33 � 10�3

All (breakup):  A = 0.06 Eff. = 1.1 � 10�3

Analyzing power Efficiency Figure of MeritAnalyzing power Efficiency Figure of Merit

forward rings

rear rings
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RL
RL

H +
-

=e
UD
UD

V +
-

=e

- RLr 1

The asymmetry changes
in first order due to errors

The cross ratio 

+-

-+=
+
-

=
RL
RL

r
r
r

CR
2

1
1

e
The cross ratio 
cancels first-order errors

To cancel second-order errors
one needs to know the dependence
on the error
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Use a parameter with
first-order dependence
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+
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Ideally,

� CR

Then, the cross-ratio
deviations from flat

�

� CR

� term depends
simply on the
error at the target
(polarization tends

deviations from flat
are parametrized as
a function of � .
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X displacement of beam at target  (mm)

(polarization tends
to drop out).
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An initial observation:

scanning in vertical direction

vertical white
noise extraction

�

Down/Up parameters

noise extraction
� CR

�

The (first-order)
displacement
parameters has
mainly two values.
We interpret this
to be scattering
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Y displacement  (mm)

to be scattering
from the top and
bottom of the hole
in the target tube.
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Increased efficiency comes from greater target thickness

’���N�H�\���W�R���H�I�I�L�F�L�H�Q�W���S�R�O�D�U�L�P�H�W�U�\

Maximum for target @ EDDA: We will need
15 mm

We will need
an alternative,
maybe the bar
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Beam expands until it touches 
either the top or the bottom
(vertical white noise extraction).



"��

�
�"��

�
�"��

�
�"��

�
�
Horizontal studies off-center vertically
Vertical White Noise extraction

@ �1.5 mm (down) 
from centerFront

Left/Right
parameters

But plotted as a function of time

� CR

�

This data set
is internally
inconsistent.

But plotted as a function of time

� CR

Measurement number

Beam intensity variations do not 
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X displacement  (mm)

� Beam intensity variations do not 
seem correlated to changing values.
Polarization drift ?

Numerous other scans were generated with varying results
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Low Energy Polarimeter

Check regularly 
number of counts

Back to 62s, 
3spin state cycle

Beam stopped
halfway, tour

Cycle 
to 12s?

Ring calibration

number of counts

C
ou

nt
s,

 a
cc

um
. s

in
ce

 s
ta

rt

Spin state 4

L
R
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3spin state cycle

Bunched beam

62s, 3spin 
state cycle

Time [105 s]

C
ou

nt
s,

 

1 2 3 4 5 6 7 8 9 10
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The LEPolarimeter data is not good
enough to eliminate 
polarization drifting trends.

�����
����� ����
��
�
����

	
 !�
�� "#
"#
��
$��
$



&�$��$��
&�$��$��
&�$��$��
&�$��$��


Sample of data from the September run

Best-fit
polynomial

Curves should

front rings rear rings

260 ppm error

Curves should
be predicted
from Monte 
Carlo model of
target and EDDA
detector.

Next run at

Corrections are 
made by using �
to estimate the
quadratic term
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COSY will
be used to
improve
statistics.

quadratic term
and subtract it
out.
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An illustration:

Systematic effects come at higher order
and constrain allowed size of � .

Second-order errors
in Cross Ratio

22
3

2
2

2
3

)'()''()'(2 q
e

qeq
ee

ee AAuAu -+++=An illustration:
angle error

position error

�

u = p+ + p–

Challenge:
Predict these terms from Monte Carlo, 
then check in lab.
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both represented by �

then check in lab.
This demonstrates methodology.
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Deuteron elastic scattering
xE 10),( =qs

[ ])cos()sin()1( 6463521 qaaqaaqaqaax ++++=

where

32
1 52986.0662.8741.46173.79 wwwa +-+-=

2
2 341.3263.34051.78 wwa +-=

32
3 14791.01487.3774.19231.38 wwwa +-+-=

2
4 28525.02832.31111.9 wwa +-=

with the momentum transfer in units of GeV/c.  
The parameters are given as polynomials of deuteron kinetic energy:
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wa 18644.06126.35 +-=

wa 66962.091.236 +=

)ln( Ew =where   
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Energies of Energies of 
45,49,54,65,70,76,113,133,140,45,49,54,65,70,76,113,133,140,

1212C(d,d)C(d,d)1212CC

45,49,54,65,70,76,113,133,140,45,49,54,65,70,76,113,133,140,
170,200 and 270 MeV170,200 and 270 MeV
from top to bottomfrom top to bottom
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Energies of Energies of 
270,200,140,133,113,76,70,270,200,140,133,113,76,70,

1212C(d,d)C(d,d)1212CC

270,200,140,133,113,76,70,270,200,140,133,113,76,70,
65,56,49,45 MeV65,56,49,45 MeV
from top to bottomfrom top to bottom
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2

1 2
exp),,(

c

cE
cEE x

xqs when   342 cccEx ->

Deuteron breakup

�� 32c

when   
( )
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� --
-��

�

�
��
�

�
-=

3

3425
2
4

1 exp
2

exp
c

Eccccc
c x

342 cccEx -<

[ ]2
1 )40(40733.4)40(07178.05586.1exp

113
--+--= qq e

E
c

[ ]2
2 )40(004704.0)40(30061.0214.62

113
---+= qq

E
c

and
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)40(048676.0384.143 --= qc

)40(0069414.074342.04 -+= qc

[ ]32
35 )40(61436.1)40(51845.1)40(43534.3070367.0 --+--+---= qqq eeecc
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113 MeV113 MeV 76 MeV76 MeV

Angles of Angles of 
1818°° ,,2121°° ,,2424°°

Proton xProton x--secsec

1818°° ,,2121°° ,,2424°°
2727°°,,2828..55°°,,
3030°°,,3131..55°°,,
3333°°,,3434..55°°,,
3636°°,,4242°°,,4545°°
4848°°,,5151°°,,
5454°°,,6060°°
top to bottomtop to bottom
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top to bottomtop to bottom
Calculated asCalculated as
if reaction isif reaction is
1212C(d,p)C(d,p)1313CC
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113 MeV113 MeV 76 76 MeVMeV

Angles of Angles of 
1818°° ,,2121°° ,,2424°° ,,2727°°1818°° ,,2121°° ,,2424°° ,,2727°°
2828..55°°,,3030°°,,3131..55°°
3333°°,,3434..55°°,,3636°°,,
4242°°,,4545°°,,4848°°,,
5151°°,,5454°°,,6060°°
top to bottomtop to bottom
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First order
effect

State 1State 1

State State 11

State State 44 State 4State 4

State 1State 1

MCMC

MCMC
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State State 44

More ConfusionMore Confusion

(m



Siberian Snake Magnet near EDDA
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causes a kink in the closed spin orbit
a small (10�3 ) horizontal polarization is created

Solenoid turned on for the last two days
Magnet goes on at �V���������Uand goes off at �V�����������U��of store

Estimated to see signal after one day.

a small (10�3 ) horizontal polarization is created
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Determine sign and compare with secret note from Jülich
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Vector asymmetry

Crossing depolarizing resonances
with RF solenoid (1.5 hours data)

Sideband crossing
(partial spin flip)

with RF solenoid (1.5 hours data)

Unpolarized state has
some vector polarization

�����
����� ����
��
�
����

	
 !�
�� "#
"#
��
$��
$

Resonance crossing
(full spin flip)
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Rates too large 
’���G�L�V�W�R�U�W�L�R�Q���R�I���W�K�H���V�S�H�F�W�U�D
’���G�L�V�W�R�U�W�L�R�Q���R�I���W�K�H���V�S�H�F�W�U�D
’���G�L�V�W�R�U�W�L�R�Q���R�I���W�K�H���V�S�H�F�W�U�D
’���G�L�V�W�R�U�W�L�R�Q���R�I���W�K�H���V�S�H�F�W�U�D

Polarization appeared to drift

Extraction appeared to favor closest edge of target  
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outlookoutlookoutlookoutlook

PAC meeting on December 1

Beam time is scheduled until end of March
����

Simulation – „better“ physics needed
contribution of breakup

choice of target 

accumulate statistics
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contribution of breakup
include (d,d �),(d,p)
first order ?


