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Focus 3 place
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Schem of F3-polarimeter
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Counter and its binding
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Counter and its binding
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HV-power supply
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Data aquisition system
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View of F3-polarimeter
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What we measure?

beam-up: cos2 λ

2 beam-down: sin2 λ
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Asymmetry

to Left : dσ/dΩ +4Re [(a+b)c∗]cosλ

to Right : dσ/dΩ−4Re [(a+b)c∗]cosλ

cosλ
4Re [(a+b)c∗]

dσ/dΩ
= Pz Ay =

NL−NR

NL +NR
(1)
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DEUTRON BEAM
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Simple processing

Data RUNs 1�167, 24�27.02.2017

Deutron beam Pd = 7.5GeV/c

Proton monentum Pp ∼ 3.75GeV/c

Angles α = 9◦, β = 68◦

Labels of polarization and their meaning:

�+�, �0�, ��� ≡ +, 0, �
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α-angle and Ay at Pp = 3.75GeV/c

   0.0   30.0ALABALAB  1/14/17

SM16 0-3.0 GEV PP=50276/25348 NP=22832/12938 RAA [147]  5/

NN091 Nucleon-Nucleon 05/09 Arndt[NIJM] 04/26/16

 PP    P      TLAB= 2927.00 UN-Normalized

    -0.14

     0.38

 Plotted data is for TLAB=2850.00 to TLAB=2927.00

- GR[66]1

- PA[73]

GR(66), Tn = 2850GeV, BERK GRANNIS
PA(73), Tn = 2927GeV, ARGO PARRY
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Raw assymetries

Raw asymmetry, Pp ≅ 3.75 GeV/c
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Asymmetries by the Zero correction

Asymmetry, Pp ≅ 3.75 GeV/c
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Pz(+)

Polarization preliminary, Pp ≅ 3.75 GeV/c, Analysing Power Ay = 0.2
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Pz(−)

Polarization preliminary, Pp ≅ 3.75 GeV/c, Analysing Power Ay = 0.2
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Polarization estimations, Ay ∼= 0.2

Polarization, Pp ≅ 3.75 GeV/c
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Di�erence and Relation

Pp ≅ 3.75 GeV/c
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Intensity control using ICF3

Relation Intensity, ICF3
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Relation between the F3-polarimeter and ICF3

Pp ≅ 3.75 GeV/c, CH2
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The relation between number of events of polarimeter arms and count of ionized chamber show
some problem with the deutron beam in the F3-focus. This relation can't depend from the

polarization and in ideal case it should be stable.
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Beam position at the F3-target plane
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Complex analysis

Table 1

Data separation using the ralation
L+R

2
/ ICF3

(February 2017 year)

RUNs Target Begin End Gate, sec
35�62 CH2 24 20:11 25 10:14 7.4
63�69 CH2 25 10:14 25 13:44 7.4
71�78 CH2 25 16:22 25 20:35 7.4
80�89 CH2 25 20:52 26 01:53 7.4
90�141 CH2 26 01:53 27 03:48 7.4
142�151 Carbon 27 06:43 27 12:07 7.4
152�164 CH2 27 12:12 27 19:08 3.3
165�167 CH2 27 19:10 27 20:11 3.3
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Gate and Time of beam extraction

Int ∼ 5×109 d/cycle → Gate is need about 7.5 sec,

Int ∼ 5×108 d/cycle → 3 sec more then enough.
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RUNs 35�62, Target CH2 3 cm

dN / NICF3
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Asymmetries de�nitions

ε(0) =
N0
L
−N0

R

N0
L

+N0
R

(2)

AyPz(±) =

(
N±
L

N0
L

−
N±
R

N0
R

)
/

(
N±
L

N0
L

+
N±
R

N0
R

)
(3)

ε(L, R) =
N+
L,R−N−

L,R

N+
L,R +N−

L,R

(4)

N0
L,R ≡ N0

L,R/N
0
ICF3

N±
L,R ≡ N±

L,R/N
±
ICF3

(5)
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RUNs 35�62, Target CH2 3 cm

ε(0) = −0.035±0.001

AyPz(+) = 0.109±0.001

AyPz(−) = −0.086±0.001

ε(L) = 0.085±0.001

ε(R) = −0.11±0.001
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Data Table 2, RUNs 35�167

For detailed information about the RUNs 63�167 see Appendix D

RUNs Tar ε(0) AyPz(+) AyPz(−) ε(L) ε(R)
35�62 CH2 −0.035 +0.109 −0.086 +0.085 −0.11
63�69 CH2 −0.035 +0.11 −0.085 +0.089 −0.106
71�78 CH2 −0.052 +0.111 −0.087 +0.096 −0.103
80�89 CH2 −0.051 +0.109 −0.087 +0.094 −0.103
90�141 CH2 −0.049 +0.105 −0.085 +0.09 −0.101
142�151 C −0.02 +0.04 −0.035 +0.017 −0.058
152�164 CH2 −0.055 +0.124 −0.094 +0.103 −0.116
165�167 CH2 −0.053 −0.002 0 −0.001 0

RUNs 164�167 � Polarized Ions Source OFF
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Subtraction the Carbon background

V(CH2) = 140×40×30mm3, V(C) = 140×40×14mm3

Both targets have the same quantities of Carbon. Then:

NL,R(H2) = NL,R(CH2) − NL,R(C) (6)

For each target we take into account the normalization (5):

N0

L,R ≡ N0

L,R/N
0

ICF3
N±
L,R ≡ N±

L,R k
±
L,R/N

±
ICF3

And put the k±
L,R as Zero Asymmetry correction:

k±
L,R =

1

N0

L,R

(N0

L
+N0

R
)

2
(7)
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Subtraction the Carbon background

Pure asymmetry εH2
for (+) and (−) separately

can be expressed as:

εH2
=

(NL,CH2
−NR,CH2

) − (NL,C−NR,C)

(NL,CH2
+NR,CH2

) − (NL,C +NR,C)
=

=
εCH2

MCH2
− εCMC

MCH2
−MC

, (8)

where: M = (NL +NR) for each target.

Note: εH2
≡ Ay (H2) ·Pz

Shindin Roman (LPHE JINR) F3-polarimeter, 54-th session, 2017
International Workshop on Nucleon Plarimetry September 18-20, 2017 IPN Orsay, France 31

/ 98



Subtraction the Carbon background

For simpli�cation
the error δ (εH2

) of asymmetry estimation
will be de�ne by:

δ (εH2
) =

√
δ 2(εCH2

)M2

CH2
+ δ 2(εC)M2

C

MCH2
−MC

(9)
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Data Table 3, RUNs 35�164

If else the Ay (H2)∼= 0.2

RUNs Tar Pz(+) Pz(−)
35�62 CH2 +0.642±0.008 −0.508±0.007
63�69 CH2 +0.644±0.011 −0.497±0.009
71�78 CH2 +0.656±0.012 −0.519±0.01
80�89 CH2 +0.648±0.011 −0.522±0.009
90�141 CH2 +0.632±0.008 −0.515±0.007
152�164 CH2 +0.746±0.01 −0.567±0.009

During all time of data taking it was about +0.64 and -0.51 but in
the end (Runs 152�164) its value had grown up to +0.75 and -0.57
respectively. May be this deviation is related with some tune-up

(corrections) of polarized ions source SPI.
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PROTON BEAM
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Data separation

Data RUNs 1�5, 4.03.2017

RUN 1: Tp = 2GeV, tune-up of beam extraction

RUNs 2�3: Tp = 2GeV, test-work

RUNs 4�5: Tp = 1GeV, test-work

Labels of polarization and their meaning:

�+�, �0�, ��� ≡ �, 0, �
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α-angle and Ay at Tn = 1GeV
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α-angle and Ay at Tn = 2GeV
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Relation between the F3-polarimeter and ICF3

Tp = 2 and 1 GeV, CH2
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Data Table 5, RUNs 1�5

For detailed information about the RUNs 1, 3�5 see Appendix P

RUN Tar ε(0) AyPz(+) AyPz(−) ε(L) ε(R)
1 CH2 −0.019 +0.004 −0.034 −0.003 −0.041
2 CH2 −0.039 −0.024 −0.025 −0.004 −0.005
3 CH2 −0.049 −0.025 −0.013 −0.009 +0.002
4 CH2 −0.038 +0.029 +0.041 0 +0.01
5 CH2 −0.055 +0.051 +0.049 −0.003 −0.005

RUN 1 � tune-up of beam extraction
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Data Table 6, RUNs 1�5

For estimations we use Anylizing Power from SAID
Ay (1GeV ) = 0.44 and Ay (2GeV ) = 0.33

and koe�cient 1.15 like as a correction of C-yield extraction
(see analysis for deutron beam and Table 2, Table 3)

RUN Tar Tp, GeV Pz(+) Pz(−)
1 CH2 2.0 +0.014±0.072 −0.122±0.072
2 CH2 2.0 −0.089±0.02 −0.093±0.02
3 CH2 2.0 −0.092±0.023 −0.048±0.023
4 CH2 1.0 +0.077±0.028 +0.107±0.029
5 CH2 1.0 +0.135±0.016 +0.128±0.015
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:)

Thanks You

for attantion
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Appendix, D

Complex data analysis of RUNs 63�167
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RUNs 63�69, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 63-69, CH2
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RUNs 63�69, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 63-69, CH2
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RUNs 63�69, Target CH2 3 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, CH2

Mean

RMS
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RUNs 63�69, Target CH2 3 cm

ε(0) = −0.037±0.001

AyPz(+) = 0.11±0.002

AyPz(−) = −0.085±0.001

ε(L) = 0.089±0.001

ε(R) = −0.106±0.001
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RUNs 71�78, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 71-78, CH2
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RUNs 71�78, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 71-78, CH2
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RUNs 71�78, Target CH2 3 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, CH2

Mean

RMS
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RUNs 71�78, Target CH2 3 cm

ε(0) = −0.052±0.001

AyPz(+) = 0.111±0.002

AyPz(−) = −0.087±0.001

ε(L) = 0.096±0.002

ε(R) = −0.103±0.001
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RUNs 80�89, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 80-89, CH2
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RUNs 80�89, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 80-89, CH2
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RUNs 80�89, Target CH2 3 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, CH2

Mean

RMS

 0.8743
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RUNs 80�89, Target CH2 3 cm

ε(0) = −0.051±0.001

AyPz(+) = 0.109±0.001

AyPz(−) = −0.087±0.001

ε(L) = 0.094±0.001

ε(R) = −0.103±0.001
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RUNs 90�141, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 90-141, CH2
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RUNs 90�141, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 90-141, CH2
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RUNs 90�141, Target CH2 3 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, CH2

Mean

RMS
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RUNs 90�141, Target CH2 3 cm

ε(0) = −0.049±0.001

AyPz(+) = 0.105±0.001

AyPz(−) = −0.085±0.001

ε(L) = 0.09±0.001

ε(R) = −0.101±0.001
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RUNs 142�151, Target Carbon 1.4 cm

Pp ≅ 3.75 GeV/c, RUN 142-151, Carbon
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RUNs 142�151, Target Carbon 1.4 cm

Pp ≅ 3.75 GeV/c, RUN 142-151, Carbon
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RUNs 142�151, Target Carbon 1.4 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, Carbon
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RUNs 142�151, Target Carbon 1.4 cm

ε(0) = −0.02±0.003

AyPz(+) = 0.04±0.004

AyPz(−) = −0.035±0.003

ε(L) = 0.017±0.003

ε(R) = −0.058±0.003
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RUNs 152�164, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 152-164, CH2
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Pp ≅ 3.75 GeV/c, RUN 152-164, CH2
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RUNs 152�164, Target CH2 3 cm

Pp ≅ 3.75 GeV/c, RUN 152-164, CH2
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RUNs 152�164, Target CH2 3 cm

dN / NICF3

Left, Label (+), Pp ≅ 3.75 GeV/c, CH2
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RUNs 152�164, Target CH2 3 cm

ε(0) = −0.055±0.001

AyPz(+) = 0.124±0.001

AyPz(−) = −0.094±0.001

ε(L) = 0.103±0.001

ε(R) = −0.116±0.001
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RUNs 165�167, Target CH2 3 cm, SPI OFF

Pp ≅ 3.75 GeV/c, RUN 165-167, CH2
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RUNs 165�167, Target CH2 3 cm, SPI OFF

Pp ≅ 3.75 GeV/c, RUN 165-167, CH2
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RUNs 165�167, Target CH2 3 cm, SPI OFF

dN / NICF3
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RUNs 165�167, Target CH2 3 cm, SPI OFF

ε(0) = −0.0531±0.0026

AyPz(+) = −0.0018±0.0025

AyPz(−) = −0.0004±0.0025

ε(L) = −0.0009±0.0026

ε(R) = 0.0004±0.0024
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Raw assymetries

RUN 1-3: 2 GeV, RUN 4,5: 1 GeV
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Asymmetries by the Zero correction

Asymmetry, Target CH2
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Polarization estimations, Anylizing Power from SAID
Ay (1GeV ) = 0.44 and Ay (2GeV ) = 0.33

Proton Beam Polarization, Target CH2
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Di�erence and Relation estimations
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Intensity control using ICF3

Relation Intensity, ICF3

P1   1.003  0.5482E-02

Run

N
IC

F
3
 (
+

)  /  N
IC

F
3
 (
0
)

0

0.5

1

1.5

2

1 2 3 4 5 6

Relation Intensity, ICF3

P1  0.9915  0.5408E-02

Run

N
IC

F
3
 (
+

)  /  N
IC

F
3
 (
-)

0

0.5

1

1.5

2

1 2 3 4 5 6

Relation Intensity, ICF3

P1  0.9836  0.5377E-02

Run

N
IC

F
3
 (
0
)  /  N

IC
F

3
 (
-)

0

0.5

1

1.5

2

1 2 3 4 5 6

Shindin Roman (LPHE JINR) F3-polarimeter, 54-th session, 2017
International Workshop on Nucleon Plarimetry September 18-20, 2017 IPN Orsay, France 75

/ 98



Intensity control using F3-polarimeter arms

Relation Intensity, Polarimeter Arms
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Appendix, P

Complex data analysis of RUNs 1�5
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Complex analysis

Table 4
Separation of pp-data (4 March 2017)

RUN Target Tp, GeV Begin End Gate, sec
1 CH2 2.0 09:11 10:11 3.3
2 CH2 2.0 10:11 11:11 3.3
3 CH2 2.0 11:11 � 3.3
4 CH2 1.0 12:42 � 3.3
5 CH2 1.0 13:24 14:15 3.3
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RUN 1, Target CH2 3 cm

Tp = 2.0 GeV, RUN 1, CH2
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RUN 1, Target CH2 3 cm

Tp = 2.0 GeV, RUN 1, CH2
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RUN 1, Target CH2 3 cm

dN / NICF3

Left, Label (+), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4381

 0.1392

P1   25.96

P2  0.5448

P3  0.2559

d
N

0

25

50

75

100

125

0 0.2 0.4 0.6 0.8

dN / NICF3

Left, Label (0), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4712

 0.1493

P1   22.75

P2  0.5509

P3  0.2252

d
N

0

50

100

150

0 0.2 0.4 0.6 0.8

dN / NICF3

Left, Label (-), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4413

 0.1263

P1   22.36

P2  0.4745

P3  0.1858

d
N

0

50

100

150

0 0.2 0.4 0.6 0.8

dN / NICF3

Right, Label (+), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4526

 0.1344

P1   22.21

P2  0.4994

P3 -0.2376

d
N

0

50

100

150

0 0.2 0.4 0.6 0.8

dN / NICF3

Right, Label (0), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4907

 0.1414

P1   21.98

P2  0.5139

P3 -0.2108

d
N

0

50

100

150

200

0 0.2 0.4 0.6 0.8

dN / NICF3

Right, Label (-), Tp = 2.0 GeV, CH2

Mean

RMS

 0.4927

 0.1420

P1   31.88

P2  0.5266

P3  0.1773

d
N

0

50

100

150

0 0.2 0.4 0.6 0.8

Shindin Roman (LPHE JINR) F3-polarimeter, 54-th session, 2017
International Workshop on Nucleon Plarimetry September 18-20, 2017 IPN Orsay, France 81

/ 98



RUN 1, Target CH2 3 cm

ε(0) = −0.019±0.02

AyPz(+) = 0.004±0.02

AyPz(−) = −0.034±0.02

ε(L) = −0.003±0.021

ε(R) = −0.041±0.02
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RUN 2, Target CH2 3 cm

Tp = 2.0 GeV, RUN 2, CH2
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RUN 2, Target CH2 3 cm

Tp = 2.0 GeV, RUN 2, CH2
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RUN 2, Target CH2 3 cm

dN / NICF3

Left, Label (+), Tp = 2.0 GeV, CH2
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RUN 2, Target CH2 3 cm

ε(0) = −0.039±0.006

AyPz(+) = −0.024±0.006

AyPz(−) = −0.025±0.006

ε(L) = −0.004±0.006

ε(R) = −0.005±0.006
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RUN 3, Target CH2 3 cm

Tp = 2.0 GeV, RUN 3, CH2
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RUN 3, Target CH2 3 cm

Tp = 2.0 GeV, RUN 3, CH2
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RUN 3, Target CH2 3 cm

dN / NICF3

Left, Label (+), Tp = 2.0 GeV, CH2

Mean

RMS

 0.9322

 0.5953E-01

P1   373.1

P2  0.9613

P3 -0.1630

d
N

0

500

1000

1500

0.8 1 1.2

dN / NICF3

Left, Label (0), Tp = 2.0 GeV, CH2

Mean

RMS

 0.9631

 0.5960E-01

P1   560.3

P2  0.9287

P3  0.1351

d
N

0

500

1000

1500

2000

0.8 1 1.2

dN / NICF3

Left, Label (-), Tp = 2.0 GeV, CH2

Mean

RMS

 0.9516

 0.6748E-01

P1   408.7

P2  0.9923

P3 -0.1552

d
N

0

500

1000

1500

0.8 1 1.2

dN / NICF3

Right, Label (+), Tp = 2.0 GeV, CH2

Mean

RMS

  1.087

 0.5927E-01

P1   504.0

P2   1.093

P3  0.1369

d
N

0

500

1000

1500

0.8 1 1.2

dN / NICF3

Right, Label (0), Tp = 2.0 GeV, CH2

Mean

RMS

  1.066

 0.6991E-01

P1   424.2

P2  0.1546E+06

P3  0.3949E+06

d
N

0

500

1000

1500

0.8 1 1.2

dN / NICF3

Right, Label (-), Tp = 2.0 GeV, CH2

Mean

RMS

  1.082

 0.7117E-01

P1   479.1

P2   1.074

P3 -0.1516

d
N

0

500

1000

1500

2000

0.8 1 1.2

Shindin Roman (LPHE JINR) F3-polarimeter, 54-th session, 2017
International Workshop on Nucleon Plarimetry September 18-20, 2017 IPN Orsay, France 89

/ 98



RUN 3, Target CH2 3 cm

ε(0) = −0.049±0.006

AyPz(+) = −0.025±0.006

AyPz(−) = −0.013±0.006

ε(L) = −0.009±0.007

ε(R) = 0.002±0.006
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RUN 4, Target CH2 3 cm

Tp = 1.0 GeV, RUN 4, CH2
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RUN 4, Target CH2 3 cm

Tp = 1.0 GeV, RUN 4, CH2
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RUN 4, Target CH2 3 cm

dN / NICF3

Left, Label (+), Tp = 1.0 GeV, CH2
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RUN 4, Target CH2 3 cm

ε(0) = −0.038±0.011

AyPz(+) = 0.029±0.011

AyPz(−) = 0.041±0.011

ε(L) = 0±0.011

ε(R) = 0.01±0.011
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RUN 5, Target CH2 3 cm

Tp = 1.0 GeV, RUN 5, CH2
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RUN 5, Target CH2 3 cm

Tp = 1.0 GeV, RUN 5, CH2

N Left  (+)

N
 I

C
F

3

0

100

200

300

400

0 50 100 150 200 250

Tp = 1.0 GeV, RUN 5, CH2

N Left  (0)

N
 I

C
F

3
0

100

200

300

400

0 50 100 150 200 250

Tp = 1.0 GeV, RUN 5, CH2

N Left  (-)

N
 I

C
F

3

0

100

200

300

400

0 50 100 150 200 250

Tp = 1.0 GeV, RUN 5, CH2

N Right  (+)

N
 I

C
F

3

0

100

200

300

400

0 50 100 150 200 250

Tp = 1.0 GeV, RUN 5, CH2

N Right  (0)

N
 I

C
F

3

0

100

200

300

400

0 50 100 150 200 250

Tp = 1.0 GeV, RUN 5, CH2

N Right  (-)

N
 I

C
F

3

0

100

200

300

400

0 50 100 150 200 250

Shindin Roman (LPHE JINR) F3-polarimeter, 54-th session, 2017
International Workshop on Nucleon Plarimetry September 18-20, 2017 IPN Orsay, France 96

/ 98



RUN 5, Target CH2 3 cm

dN / NICF3

Left, Label (+), Tp = 1.0 GeV, CH2
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RUN 5, Target CH2 3 cm

ε(0) = −0.038±0.011

AyPz(+) = 0.029±0.011

AyPz(−) = 0.041±0.011

ε(L) = 0±0.011

ε(R) = 0.01±0.011
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