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Relativistic Heavy Ion Collider
world’s only polarized proton

collider

p
p

Outline

• Polarization measurement
principles at RHIC

• Overview of RHIC polarimeters

• Polarimeter operations in 2013 run

• Beam polarization profile

• Carbon target challenge

• Systematic Errors and Summary
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3 of 23Accelerator Complex and Polarimeters

STAR
PHENIX

AGS

LINAC
BOOSTER

Pol. Proton Source

Spin Rotators
Siberian Snakes

200 MeV Polarimeter
p-Carbon Polarimeter

p-Carbon Polarimeters

Absolute H-jet Polarimeter

RHIC

Siberian Snakes

AC Dipole

Cold Snake

Warm Snake

Solenoid Snake • 120 bunches (∼ 110 ns)
across the ring

• Collisions with all spin
combinations available
↑↑, ↑↓, ↓↑, ↓↓
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4 of 23Recent RHIC Performance
• Excellent RHIC performance

• Each year RHIC sets new record
peak, average, or integrated
luminosities

• Improves average polarization

• 2009

• P = 56% at
√
s = 100 GeV

• P = 34% at
√
s = 250 GeV

• 2011

• P = 48% at
√
s = 250 GeV

• 2012

• P = 59% at
√
s = 100 GeV

• P = 52% at
√
s = 255 GeV

• 2013

• P = 52% at
√
s = 255 GeV

• 2014: No polarized protons run

• 2015: Expect 100 GeV polarized beams
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5 of 23Average Polarization in 2013 at Ebeam = 255 GeV

Blue beam, 255 GeV, 〈P 〉 ≈ 50%

Yellow beam, 255 GeV, 〈P 〉 ≈ 53%
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6 of 23CNI Polarimetry at RHIC

• In elastic scattering maximum asymmetry AN

is expected in the region of
Coulomb-Nuclear Interference where EM
and strong amplitudes are comparable in
strength

Kopeliovich, Lapidus (1974)

In absence of hadronic
spin-flip amplitude analyzing
power AN can be calculated
exactly• Measured polarization P = 1

AN
× ε

• In general, knowledge of AN is required
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7 of 23CNI Polarimetry at RHIC

• In elastic scattering maximum asymmetry AN

is expected in the region of
Coulomb-Nuclear Interference where EM
and strong amplitudes are comparable in
strength
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• Measured polarization P = 1
AN

× ε

• In general, knowledge of AN is required
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8 of 23RHIC Polarimeters: Hydrogen-Jet (H-Jet) Polarimeter

H

p

• Provides average absolute
polarization over a fill
(∼ 8− 10 hours)

• The jet target is polarized
⇒ AN is not required

• Target polarization cycles through
↑ /0/ ↓ spin states

• More details in next talk
“The polarized hydrogen jet
target measurements at RHIC” by
Andrei Poblaguev
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9 of 23RHIC Polarimeters: p-Carbon Polarimeters

• Two polarimeters in each ring

• ∼ 3 − 4% relative stat. uncert. per
measurement

• About four 2-minute measurements per fill

• Bunch-by-bunch polarization
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10 of 23RHIC Polarimeters: p-Carbon Polarimeters

• Vertical and horizontal beam polarization
profiles

• Polarization decay in a fill

• Each polarimeter employs six vertical and six
horizontal ultra thin carbon targets
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11 of 23p-Carbon Polarimeters: Silicon Strip Detectors
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• Detectors energy-calibrated with α
sources
241Am (5.5 MeV) and 148Gd (3.3 MeV)

• Detectors are in the vacuum ≈ 20 cm
from the beam

• No significant radiation damage observed
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12 of 23p-Carbon Polarimeters: Signal Event Selection

• Calibration parameters time offset t0 and effective energy losses Eloss

extracted from non-relativistic equation:

Emeas +Eloss =
MC

2
×

L2

(tmeas + t0)2

• Carbon events selected within a certain Time-Energy window optimized for
minimum background
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13 of 23p-Carbon Polarimeters: Ultra-Thin Carbon Targets

• Typical target size is 2.5 cm× 10 µm× 25 nm

• Targets are made by vacuum evaporation-condensation onto glass substrate

• Two stepping motors are used to move the ladder and to rotate the targets
into the beam
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14 of 23Beam Polarization Profile

• If polarization varies across the beam the average polarization seen by
polarimeters and experiments is different

H-Jet p-Carbon Beam collisions

P =

∫

P (x, y)I(x, y)dxdy
∫

I(x, y)dxdy Psweep = P Pcoll =

∫

P (x, y)I1(x, y)I2(x, y)dxdy
∫

I1(x, y)I2(x, y)dxdy
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15 of 23Measuring Beam Polarization Profile

• Polarization and intensity profile
can be described with gaussian
distributions:

P = Pmaxe
− !x

2

σ2
P , I = Imaxe

−!x
2

σ2
I
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16 of 23Measuring Beam Polarization Profile
• Assume gaussian profiles:
P = Pmax exp(− !x

2

σ2
P

), I = Imax exp(−!x
2

σ2
I

)

• Polarization profile can be described by

• Center value Pmax

• Profile parameter R =
σ
2
I

σ2
P

• R = 0 if σP = ∞ i.e. no Pol. profile

I/Imax

P

P

I/Imax

P = Pmax (I/Imax)
R
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17 of 23Ultra-Thin Carbon Targets: Survival Rate

• 2009 (10 weeks) and 2011 (10 weeks) RHIC Runs

• Carried through the runs on a single batch of targets
• Some targets survived 300–400 measurements during 2–3
months

• In 2012 (10 weeks) and 2013 (14 weeks) RHIC Runs

• Used three batches of 48 targets each
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18 of 23Carbon Target Crossing Beam

• The targets is attracted electrostatically to the beam

• No direct control of the amount of target material in the beam
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19 of 23Ultra-Thin Carbon Targets: The Challenge

• Observations (naturally statistically limited)

• Confirmed: The targets graphitize after exposure with the beam
• An indication: Thicker targets can survive longer
• A hint: Targets may survive longer if first exposed to low intensity
beams

• Solutions to mitigate target losses

• Tried to graphitize the targets on the bench test (not very successful)
• Move targets farther from the beam while not in use
• Use thicker targets
• Conserved targets by reducing the number of measurements

• Future tests:

• New target ladder geometry with fins to reduce the electric field from
induced charge
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20 of 23Polarization Losses in a Fill

At injection

At flattop

• Polarization is lost during
beam accelleration

• Polarization decreases during
the fill while R increases

• Losses consistent with beam
profile broadening

• Rv ∼ Rh ≈ 0.20 for
accelerated beam

• With dP

dt
RHIC experiments

can reweight individual fills
according to their recorded
luminosity

PSTP2013 – Sep 12, 2013 Dmitri Smirnov

http://plexoos.com/dmitri_smirnov


21 of 23Change in Proton Beam Polarization during a Fill

• Linear approximation for beam
polarization P and profile R in
a fill:

P = P0 +
dP

dt
t

R = R0 +
dR

dt
t

• Average change in P and R is:

1

P

dP

dt
∼ −1% per hour

1

R

dR

dt
∼ +5% per hour

PSTP2013 – Sep 12, 2013 Dmitri Smirnov

http://plexoos.com/dmitri_smirnov


22 of 23Systematic Uncertainties on Polarization (In collisions)

• Overall scale uncertatinty σ(P )
P

≈ 3%

• Due to normalization to the H-jet measurements
• Includes:
∼ 3% on H-jet target polarization,
∼ 1% due to background dilution, and
! 2% reflects uncertainty in average difference between H-jet and pC

• Fill-to-fill uncorrelated uncertatinty σ(P )
P

≈ 5 − 8%

• Scales down as 1/
√
N when fills combined

• Statistically dominated
• Includes:
∼ 2.2% due to possible profile miss-measurement. Determined as:

〈P 〉 =
Pmax√
1 +R

vs. 〈P 〉sweep
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23 of 23Summary

• p-Carbon polarimeters at RHIC performed well in 2011, 2012, and
2013

• Minimal changes in the setup allowed for year-to-year systematic studies

• p-Carbon polarimeters work well for

• Measurements of beam polarization profile
• Statistically significant measurements of polarization losses during a RHIC
store

• Ongoing efforts and improvements:

• Target lifetime with higher beam intensities
• More control over the amount of material in the beam
• Absolute detector calibration will benefit in another “absolute” polarimeter
• Potential to precisely measure pC AN at very high beam energies

PSTP2013 – Sep 12, 2013 Dmitri Smirnov

http://plexoos.com/dmitri_smirnov

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	anm0: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	1.34: 
	1.35: 
	1.36: 
	1.37: 
	1.38: 
	1.39: 
	1.40: 
	1.41: 
	1.42: 
	1.43: 
	1.44: 
	1.45: 
	1.46: 
	1.47: 
	1.48: 
	1.49: 
	1.50: 
	1.51: 
	1.52: 
	1.53: 
	1.54: 
	1.55: 
	1.56: 
	1.57: 
	1.58: 
	1.59: 
	1.60: 
	1.61: 
	1.62: 
	1.63: 
	1.64: 
	1.65: 
	1.66: 
	1.67: 
	1.68: 
	1.69: 
	1.70: 
	1.71: 
	1.72: 
	1.73: 
	1.74: 
	1.75: 
	1.76: 
	1.77: 
	1.78: 
	1.79: 
	1.80: 
	1.81: 
	1.82: 
	1.83: 
	1.84: 
	1.85: 
	1.86: 
	1.87: 
	1.88: 
	1.89: 
	1.90: 
	1.91: 
	1.92: 
	1.93: 
	1.94: 
	1.95: 
	1.96: 
	1.97: 
	1.98: 
	1.99: 
	1.100: 
	1.101: 
	1.102: 
	1.103: 
	1.104: 
	1.105: 
	1.106: 
	1.107: 
	1.108: 
	1.109: 
	1.110: 
	1.111: 
	1.112: 
	1.113: 
	1.114: 
	1.115: 
	1.116: 
	1.117: 
	1.118: 
	1.119: 
	1.120: 
	1.121: 
	1.122: 
	1.123: 
	1.124: 
	1.125: 
	1.126: 
	1.127: 
	1.128: 
	1.129: 
	1.130: 
	1.131: 
	1.132: 
	1.133: 
	1.134: 
	1.135: 
	1.136: 
	1.137: 
	1.138: 
	1.139: 
	1.140: 
	1.141: 
	1.142: 
	1.143: 
	1.144: 
	1.145: 
	1.146: 
	1.147: 
	1.148: 
	1.149: 
	1.150: 
	1.151: 
	1.152: 
	1.153: 
	1.154: 
	1.155: 
	1.156: 
	1.157: 
	1.158: 
	1.159: 
	1.160: 
	1.161: 
	1.162: 
	1.163: 
	1.164: 
	1.165: 
	1.166: 
	1.167: 
	1.168: 
	1.169: 
	1.170: 
	1.171: 
	1.172: 
	1.173: 
	1.174: 
	1.175: 
	1.176: 
	1.177: 
	1.178: 
	1.179: 
	1.180: 
	1.181: 
	1.182: 
	1.183: 
	1.184: 
	1.185: 
	1.186: 
	1.187: 
	1.188: 
	1.189: 
	1.190: 
	1.191: 
	1.192: 
	1.193: 
	1.194: 
	1.195: 
	anm1: 
	2.0: 
	2.1: 
	2.2: 
	2.3: 
	2.4: 
	2.5: 
	2.6: 
	2.7: 
	2.8: 
	2.9: 
	2.10: 
	2.11: 
	2.12: 
	2.13: 
	2.14: 
	2.15: 
	2.16: 
	2.17: 
	2.18: 
	2.19: 
	2.20: 
	2.21: 
	2.22: 
	2.23: 
	2.24: 
	2.25: 
	2.26: 
	2.27: 
	2.28: 
	2.29: 
	2.30: 
	2.31: 
	2.32: 
	2.33: 
	2.34: 
	2.35: 
	2.36: 
	2.37: 
	2.38: 
	2.39: 
	2.40: 
	2.41: 
	2.42: 
	2.43: 
	2.44: 
	2.45: 
	2.46: 
	2.47: 
	2.48: 
	2.49: 
	2.50: 
	2.51: 
	2.52: 
	2.53: 
	2.54: 
	2.55: 
	2.56: 
	2.57: 
	2.58: 
	2.59: 
	2.60: 
	2.61: 
	2.62: 
	2.63: 
	2.64: 
	2.65: 
	2.66: 
	2.67: 
	2.68: 
	2.69: 
	2.70: 
	2.71: 
	2.72: 
	2.73: 
	2.74: 
	2.75: 
	2.76: 
	2.77: 
	2.78: 
	2.79: 
	2.80: 
	2.81: 
	2.82: 
	2.83: 
	2.84: 
	2.85: 
	2.86: 
	2.87: 
	2.88: 
	2.89: 
	2.90: 
	2.91: 
	2.92: 
	2.93: 
	2.94: 
	2.95: 
	2.96: 
	2.97: 
	2.98: 
	2.99: 
	2.100: 
	2.101: 
	2.102: 
	2.103: 
	2.104: 
	2.105: 
	2.106: 
	2.107: 
	2.108: 
	2.109: 
	2.110: 
	2.111: 
	2.112: 
	2.113: 
	2.114: 
	2.115: 
	2.116: 
	2.117: 
	2.118: 
	2.119: 
	2.120: 
	2.121: 
	2.122: 
	2.123: 
	2.124: 
	2.125: 
	2.126: 
	2.127: 
	2.128: 
	2.129: 
	2.130: 
	2.131: 
	2.132: 
	2.133: 
	2.134: 
	2.135: 
	2.136: 
	2.137: 
	2.138: 
	2.139: 
	2.140: 
	2.141: 
	2.142: 
	2.143: 
	2.144: 
	2.145: 
	2.146: 
	2.147: 
	2.148: 
	2.149: 
	2.150: 
	2.151: 
	2.152: 
	2.153: 
	2.154: 
	2.155: 
	2.156: 
	2.157: 
	2.158: 
	2.159: 
	2.160: 
	2.161: 
	2.162: 
	2.163: 
	2.164: 
	2.165: 
	2.166: 
	2.167: 
	2.168: 
	2.169: 
	2.170: 
	2.171: 
	2.172: 
	2.173: 
	2.174: 
	2.175: 
	2.176: 
	2.177: 
	2.178: 
	2.179: 
	2.180: 
	2.181: 
	2.182: 
	2.183: 
	2.184: 
	2.185: 
	2.186: 
	2.187: 
	2.188: 
	2.189: 
	2.190: 
	2.191: 
	2.192: 
	2.193: 
	2.194: 
	2.195: 
	anm2: 
	3.0: 
	3.1: 
	3.2: 
	3.3: 
	3.4: 
	3.5: 
	3.6: 
	3.7: 
	3.8: 
	3.9: 
	3.10: 
	3.11: 
	3.12: 
	3.13: 
	3.14: 
	3.15: 
	3.16: 
	3.17: 
	3.18: 
	3.19: 
	3.20: 
	3.21: 
	3.22: 
	3.23: 
	3.24: 
	3.25: 
	3.26: 
	3.27: 
	3.28: 
	3.29: 
	3.30: 
	3.31: 
	3.32: 
	3.33: 
	3.34: 
	3.35: 
	3.36: 
	3.37: 
	3.38: 
	3.39: 
	3.40: 
	3.41: 
	3.42: 
	3.43: 
	3.44: 
	3.45: 
	3.46: 
	3.47: 
	3.48: 
	3.49: 
	3.50: 
	3.51: 
	3.52: 
	3.53: 
	3.54: 
	3.55: 
	3.56: 
	3.57: 
	3.58: 
	3.59: 
	3.60: 
	3.61: 
	3.62: 
	3.63: 
	3.64: 
	3.65: 
	3.66: 
	3.67: 
	3.68: 
	3.69: 
	3.70: 
	3.71: 
	3.72: 
	3.73: 
	3.74: 
	3.75: 
	3.76: 
	3.77: 
	3.78: 
	3.79: 
	3.80: 
	3.81: 
	3.82: 
	3.83: 
	3.84: 
	3.85: 
	3.86: 
	3.87: 
	3.88: 
	3.89: 
	3.90: 
	3.91: 
	3.92: 
	3.93: 
	3.94: 
	3.95: 
	3.96: 
	3.97: 
	3.98: 
	3.99: 
	3.100: 
	3.101: 
	3.102: 
	3.103: 
	3.104: 
	3.105: 
	3.106: 
	3.107: 
	3.108: 
	3.109: 
	3.110: 
	3.111: 
	3.112: 
	3.113: 
	3.114: 
	3.115: 
	3.116: 
	3.117: 
	3.118: 
	3.119: 
	3.120: 
	3.121: 
	3.122: 
	3.123: 
	3.124: 
	3.125: 
	3.126: 
	3.127: 
	3.128: 
	3.129: 
	3.130: 
	3.131: 
	3.132: 
	3.133: 
	3.134: 
	3.135: 
	3.136: 
	3.137: 
	3.138: 
	3.139: 
	3.140: 
	3.141: 
	3.142: 
	3.143: 
	3.144: 
	3.145: 
	3.146: 
	3.147: 
	3.148: 
	3.149: 
	3.150: 
	3.151: 
	3.152: 
	3.153: 
	3.154: 
	3.155: 
	3.156: 
	3.157: 
	3.158: 
	3.159: 
	3.160: 
	3.161: 
	3.162: 
	3.163: 
	3.164: 
	3.165: 
	3.166: 
	3.167: 
	3.168: 
	3.169: 
	3.170: 
	3.171: 
	3.172: 
	3.173: 
	3.174: 
	3.175: 
	3.176: 
	3.177: 
	3.178: 
	3.179: 
	3.180: 
	3.181: 
	3.182: 
	3.183: 
	3.184: 
	3.185: 
	3.186: 
	3.187: 
	3.188: 
	3.189: 
	3.190: 
	3.191: 
	3.192: 
	3.193: 
	3.194: 
	3.195: 
	3.196: 
	3.197: 
	3.198: 
	3.199: 
	3.200: 
	3.201: 
	3.202: 
	3.203: 
	3.204: 
	3.205: 
	3.206: 
	3.207: 
	3.208: 
	3.209: 
	3.210: 
	3.211: 
	3.212: 
	3.213: 
	3.214: 
	3.215: 
	3.216: 
	3.217: 
	3.218: 
	3.219: 
	3.220: 
	3.221: 
	3.222: 
	3.223: 
	3.224: 
	3.225: 
	3.226: 
	3.227: 
	3.228: 
	3.229: 
	3.230: 
	3.231: 
	3.232: 
	3.233: 
	3.234: 
	3.235: 
	3.236: 
	3.237: 
	3.238: 
	3.239: 
	3.240: 
	3.241: 
	3.242: 
	3.243: 
	3.244: 
	3.245: 
	3.246: 
	3.247: 
	3.248: 
	3.249: 
	3.250: 
	3.251: 
	3.252: 
	3.253: 
	3.254: 
	3.255: 
	3.256: 
	3.257: 
	3.258: 
	3.259: 
	3.260: 
	3.261: 
	3.262: 
	3.263: 
	3.264: 
	3.265: 
	3.266: 
	3.267: 
	3.268: 
	3.269: 
	3.270: 
	3.271: 
	3.272: 
	3.273: 
	3.274: 
	3.275: 
	3.276: 
	3.277: 
	3.278: 
	3.279: 
	3.280: 
	3.281: 
	3.282: 
	3.283: 
	3.284: 
	3.285: 
	3.286: 
	3.287: 
	3.288: 
	3.289: 
	3.290: 
	3.291: 
	3.292: 
	3.293: 
	3.294: 
	3.295: 
	3.296: 
	3.297: 
	3.298: 
	3.299: 
	3.300: 
	3.301: 
	3.302: 
	3.303: 
	3.304: 
	3.305: 
	3.306: 
	3.307: 
	3.308: 
	3.309: 
	3.310: 
	3.311: 
	3.312: 
	3.313: 
	3.314: 
	3.315: 
	3.316: 
	3.317: 
	3.318: 
	3.319: 
	3.320: 
	3.321: 
	3.322: 
	3.323: 
	3.324: 
	3.325: 
	3.326: 
	3.327: 
	3.328: 
	3.329: 
	3.330: 
	3.331: 
	3.332: 
	3.333: 
	3.334: 
	3.335: 
	3.336: 
	3.337: 
	3.338: 
	3.339: 
	3.340: 
	3.341: 
	3.342: 
	3.343: 
	3.344: 
	3.345: 
	3.346: 
	3.347: 
	3.348: 
	3.349: 
	3.350: 
	3.351: 
	3.352: 
	3.353: 
	3.354: 
	3.355: 
	3.356: 
	3.357: 
	3.358: 
	3.359: 
	3.360: 
	3.361: 
	3.362: 
	3.363: 
	3.364: 
	3.365: 
	3.366: 
	3.367: 
	3.368: 
	3.369: 
	3.370: 
	3.371: 
	3.372: 
	3.373: 
	3.374: 
	3.375: 
	3.376: 
	3.377: 
	3.378: 
	3.379: 
	3.380: 
	3.381: 
	3.382: 
	3.383: 
	3.384: 
	3.385: 
	3.386: 
	3.387: 
	3.388: 
	3.389: 
	3.390: 
	3.391: 
	3.392: 
	3.393: 
	3.394: 
	3.395: 
	3.396: 
	3.397: 
	3.398: 
	3.399: 
	anm3: 
	3.EndLeft: 
	3.StepLeft: 
	3.PlayPauseLeft: 
	3.PlayPauseRight: 
	3.StepRight: 
	3.EndRight: 
	3.Minus: 
	3.Reset: 
	3.Plus: 
	4.0: 
	4.1: 
	4.2: 
	4.3: 
	4.4: 
	4.5: 
	4.6: 
	4.7: 
	4.8: 
	4.9: 
	4.10: 
	4.11: 
	4.12: 
	4.13: 
	4.14: 
	4.15: 
	4.16: 
	4.17: 
	4.18: 
	4.19: 
	4.20: 
	4.21: 
	4.22: 
	4.23: 
	4.24: 
	4.25: 
	4.26: 
	4.27: 
	4.28: 
	4.29: 
	4.30: 
	4.31: 
	4.32: 
	4.33: 
	4.34: 
	4.35: 
	4.36: 
	4.37: 
	4.38: 
	4.39: 
	4.40: 
	4.41: 
	4.42: 
	4.43: 
	4.44: 
	4.45: 
	4.46: 
	4.47: 
	4.48: 
	4.49: 
	4.50: 
	4.51: 
	4.52: 
	4.53: 
	4.54: 
	4.55: 
	4.56: 
	4.57: 
	4.58: 
	4.59: 
	4.60: 
	4.61: 
	4.62: 
	4.63: 
	4.64: 
	4.65: 
	4.66: 
	4.67: 
	4.68: 
	4.69: 
	4.70: 
	4.71: 
	4.72: 
	4.73: 
	4.74: 
	4.75: 
	4.76: 
	4.77: 
	4.78: 
	4.79: 
	4.80: 
	4.81: 
	4.82: 
	4.83: 
	4.84: 
	4.85: 
	4.86: 
	4.87: 
	4.88: 
	4.89: 
	4.90: 
	4.91: 
	4.92: 
	4.93: 
	4.94: 
	4.95: 
	4.96: 
	4.97: 
	4.98: 
	4.99: 
	4.100: 
	4.101: 
	4.102: 
	4.103: 
	4.104: 
	4.105: 
	4.106: 
	4.107: 
	4.108: 
	4.109: 
	4.110: 
	4.111: 
	4.112: 
	4.113: 
	4.114: 
	4.115: 
	4.116: 
	4.117: 
	4.118: 
	4.119: 
	4.120: 
	4.121: 
	4.122: 
	4.123: 
	4.124: 
	4.125: 
	4.126: 
	4.127: 
	4.128: 
	4.129: 
	4.130: 
	4.131: 
	4.132: 
	4.133: 
	4.134: 
	4.135: 
	4.136: 
	4.137: 
	4.138: 
	4.139: 
	4.140: 
	4.141: 
	4.142: 
	4.143: 
	4.144: 
	4.145: 
	4.146: 
	4.147: 
	4.148: 
	4.149: 
	4.150: 
	4.151: 
	4.152: 
	4.153: 
	4.154: 
	4.155: 
	4.156: 
	4.157: 
	4.158: 
	4.159: 
	4.160: 
	4.161: 
	4.162: 
	4.163: 
	4.164: 
	4.165: 
	4.166: 
	4.167: 
	4.168: 
	4.169: 
	4.170: 
	4.171: 
	4.172: 
	4.173: 
	4.174: 
	4.175: 
	4.176: 
	4.177: 
	4.178: 
	4.179: 
	4.180: 
	4.181: 
	4.182: 
	4.183: 
	4.184: 
	4.185: 
	4.186: 
	4.187: 
	4.188: 
	4.189: 
	4.190: 
	4.191: 
	4.192: 
	4.193: 
	4.194: 
	4.195: 
	4.196: 
	4.197: 
	4.198: 
	4.199: 
	4.200: 
	4.201: 
	4.202: 
	4.203: 
	4.204: 
	4.205: 
	4.206: 
	4.207: 
	4.208: 
	4.209: 
	4.210: 
	4.211: 
	4.212: 
	4.213: 
	4.214: 
	4.215: 
	4.216: 
	4.217: 
	4.218: 
	4.219: 
	4.220: 
	4.221: 
	4.222: 
	4.223: 
	4.224: 
	4.225: 
	4.226: 
	4.227: 
	4.228: 
	4.229: 
	4.230: 
	4.231: 
	4.232: 
	4.233: 
	4.234: 
	4.235: 
	4.236: 
	4.237: 
	4.238: 
	4.239: 
	4.240: 
	4.241: 
	4.242: 
	4.243: 
	4.244: 
	4.245: 
	4.246: 
	4.247: 
	4.248: 
	4.249: 
	4.250: 
	4.251: 
	4.252: 
	4.253: 
	4.254: 
	4.255: 
	4.256: 
	4.257: 
	4.258: 
	4.259: 
	4.260: 
	4.261: 
	4.262: 
	4.263: 
	4.264: 
	4.265: 
	4.266: 
	4.267: 
	4.268: 
	4.269: 
	4.270: 
	4.271: 
	4.272: 
	4.273: 
	4.274: 
	4.275: 
	4.276: 
	4.277: 
	4.278: 
	4.279: 
	4.280: 
	4.281: 
	4.282: 
	4.283: 
	4.284: 
	4.285: 
	4.286: 
	4.287: 
	4.288: 
	4.289: 
	4.290: 
	4.291: 
	4.292: 
	4.293: 
	4.294: 
	4.295: 
	4.296: 
	4.297: 
	4.298: 
	4.299: 
	4.300: 
	4.301: 
	4.302: 
	4.303: 
	4.304: 
	4.305: 
	4.306: 
	4.307: 
	4.308: 
	4.309: 
	4.310: 
	4.311: 
	4.312: 
	4.313: 
	4.314: 
	4.315: 
	4.316: 
	4.317: 
	4.318: 
	4.319: 
	4.320: 
	4.321: 
	4.322: 
	4.323: 
	4.324: 
	4.325: 
	4.326: 
	4.327: 
	4.328: 
	4.329: 
	4.330: 
	4.331: 
	4.332: 
	4.333: 
	4.334: 
	4.335: 
	4.336: 
	4.337: 
	4.338: 
	4.339: 
	4.340: 
	4.341: 
	4.342: 
	4.343: 
	4.344: 
	4.345: 
	4.346: 
	4.347: 
	4.348: 
	4.349: 
	4.350: 
	4.351: 
	4.352: 
	4.353: 
	4.354: 
	4.355: 
	4.356: 
	4.357: 
	4.358: 
	4.359: 
	4.360: 
	4.361: 
	4.362: 
	4.363: 
	4.364: 
	4.365: 
	4.366: 
	4.367: 
	4.368: 
	4.369: 
	4.370: 
	4.371: 
	4.372: 
	4.373: 
	4.374: 
	4.375: 
	4.376: 
	4.377: 
	4.378: 
	4.379: 
	4.380: 
	4.381: 
	4.382: 
	4.383: 
	4.384: 
	4.385: 
	4.386: 
	4.387: 
	4.388: 
	4.389: 
	4.390: 
	4.391: 
	4.392: 
	4.393: 
	4.394: 
	4.395: 
	4.396: 
	4.397: 
	4.398: 
	4.399: 
	anm4: 
	4.EndLeft: 
	4.StepLeft: 
	4.PlayPauseLeft: 
	4.PlayPauseRight: 
	4.StepRight: 
	4.EndRight: 
	4.Minus: 
	4.Reset: 
	4.Plus: 


