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2 of 16What Is RHIC?

p
p

Relativistic Heavy Ion Collider • RHIC is the largest scientific tool

at BNL

• Ring diameter is ≈ 0.75 miles

• Accelerates subatomic particles

protons, deuterons, Si, Cu, Au, U

to nearly the speed of light

• Collides particles head-on at two

interaction points

• RHIC is the first and only world’s

polarized collider

• In operation since 2000

• Improving performance from year to

year
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3 of 16Polarized Protons

~µ• Electrically charged particles possess a magnetic moment

~µ ∝
q

m
~s

• In classical mechanics particle simply spins around its center of mass

• In quantum mechanics spin is a truly intrinsic property of particle

• Spin can have only two orientations in space: “up” and “down” along Z

• Polarization P is a fraction of particles contributing to total momentum

P =
N↑−N↓

N↑+N↓

Z

P = 100% P = 0% P ≈ 67%
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4 of 16What Do We Study with Polarized Protons at RHIC?

• Proton is a composite particle made of quarks and

gluons

• At low interaction energies proton is a point-like particle

• At high RHIC energies we see the internal structure of

the protons

• Total proton spin is the sum of the spins and orbital angular momenta of

the constituents: quarks and gluons

Sp =
1

2
︸ ︷︷ ︸

proton spin

= 〈Sq〉
︸︷︷︸

quark spin

∼ 30%

+ 〈Sg〉
︸︷︷︸

gluon spin

∼ 20%

+ 〈Lq,g〉
︸ ︷︷ ︸

orbital momentum

?
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5 of 16Extracting Knowledge from Asymmetry Measurement

• Due to spin the product of

proton collisions can have

spacial asymmetry w.r.t. the

spin direction

• The knowledge about the internal proton structure is extracted from the

measured asymmetry:

A =
1

P
×

N↑ −N↓

N↑ +N↓

single spin asymmetry

A =
1

P 2
×

N↑↑ −N↑↓

N↑↑ +N↑↓

double spin asymmetry

• We must know the spin direction of colliding protons (only at RHIC!)

• Precise knowledge of polarization P ± ∆P is essential for all spin

analyses at RHIC
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6 of 16Accelerator Complex and Polarimeters

• RHIC rings filled with

∼ 120× 1011 protons

• Beams cross at rate of

∼ 9 MHz

• Collisions with all spin

combinations available

↑↑, ↑↓, ↓↑, ↓↓
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7 of 16RHIC Polarimeters

H

p
p

• Hydrogen Jet Polarimeter

• Jet is polarized!
• Continuous operation throughout
the fill (∼ 8− 10 hours)

• Provides absolute average
polarization over the fill

• Lower statistical power

• p-Carbon Polarimeters

(two in each ring)

• About four 3-minute measurements per fill
• Polarization decay in fill
• Beam polarization profiles

• Higher statistical power
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8 of 16Principles of RHIC Polarimetry

• Fixed targets are used to measure proton beam polarization

• H-jet polarimeter

• Vertical hydrogen jet target ∼ 6− 7 mm in diameter

• p-Carbon polarimeters

• Ultra thin carbon ribbon 2.5 cm× 10 µm× 25 nm

• Vertical and horizontal targets

• Measured polarization is: P = 1

AN
× NL−NR

NL+NR
, where AN is small ∼ 3 %

• No need to know AN with Hydrogen Jet polarimeter
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9 of 16Measuring Beam Profile
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10 of 16Measuring Beam Profile
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11 of 16Measuring Beam Profile

• Polarization and intensity profile

can be described with gaussian

distributions:

P = Pmaxe
− ~x

2

σ2
P , I = Imaxe

−~x
2

σ2
I

• Profile parameter R =
σ
2
I

σ2
P
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12 of 16Carbon Target Crossing Beam

• Inserting something in a high energy beam is fun©

• Main instability in polarization measurements is believed to be due to

uncertainty in target position while moving through the beam
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13 of 16Polarization Losses in a Fill

At injection energy

At full energy

• Polarization is lost during

beam accelleration

• Polarization decreases during

the fill while R increases

• Our measurement confirms

de-polarizing mechanism

due to widening of

polarization profile
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14 of 16Some Numbers to Remember

At injection energy

At full energy

• Initial beam polarization at

the source is ∼ 80 %

• In RHIC average beam

polarization was 52 % and

58 % for two periods in 2012

• Polarization losses are
dP

dt
∼ −0.5% per hour

during a fill

• Relative measurement

uncertainty per fill is
∆P

P
∼ 5%

YRS – November 30, 2012 Dmitri Smirnov

http://plexoos.com/dmitri_smirnov


15 of 16Summary and Outlook

• RHIC polarimeters are unique scientific tools at BNL

• Perform undestructive measurement of proton beam

polarization

• Provide polarization measurements for all spin analyses at

RHIC

• Provide valuable feedback to the RHIC machine operators

• Future plans:

• Next RHIC Run in 2013 we expect more data and ∼ +5% in

polarization

• Ongoing studies aim to improve systematic uncertainties

• Different geometry and production techniques for carbon

targets

• Cleaner signal selection in recoil samples

YRS – November 30, 2012 Dmitri Smirnov

http://plexoos.com/dmitri_smirnov


16 of 16RHIC Polarimetry Group

• I would like to thank the

Instrumentation Division and

Collider Accelerator

Department at BNL for their

work on the silicon detectors,

electronics, and the RHIC

polarized proton beam

• I am thankful for discussions with the members of the RHIC Spin

Collaboration, in particular

E. Aschenauer, I. Alekseev, M. Bai, S. Bazilevsky W. Fischer, H. Huang,

Y. Makdisi, A. Poblaguev, T. Roser, B. Schmidke, D. Svirida, and A. Zelenski

http://www.phy.bnl.gov/cnipol/

YRS – November 30, 2012 Dmitri Smirnov

http://www.phy.bnl.gov/cnipol/
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: 
	anm3: 
	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: 
	anm4: 
	5.0: 
	5.1: 
	5.2: 
	5.3: 
	5.4: 
	5.5: 
	5.6: 
	5.7: 
	5.8: 
	5.9: 
	5.10: 
	5.11: 
	5.12: 
	5.13: 
	5.14: 
	5.15: 
	5.16: 
	5.17: 
	5.18: 
	5.19: 
	5.20: 
	5.21: 
	5.22: 
	5.23: 
	5.24: 
	5.25: 
	5.26: 
	5.27: 
	5.28: 
	5.29: 
	5.30: 
	5.31: 
	5.32: 
	5.33: 
	5.34: 
	5.35: 
	5.36: 
	5.37: 
	5.38: 
	5.39: 
	5.40: 
	5.41: 
	5.42: 
	5.43: 
	5.44: 
	5.45: 
	5.46: 
	5.47: 
	5.48: 
	5.49: 
	5.50: 
	5.51: 
	5.52: 
	5.53: 
	5.54: 
	5.55: 
	5.56: 
	5.57: 
	5.58: 
	5.59: 
	5.60: 
	5.61: 
	5.62: 
	5.63: 
	5.64: 
	5.65: 
	5.66: 
	5.67: 
	5.68: 
	5.69: 
	5.70: 
	5.71: 
	5.72: 
	5.73: 
	5.74: 
	5.75: 
	5.76: 
	5.77: 
	5.78: 
	5.79: 
	5.80: 
	5.81: 
	5.82: 
	5.83: 
	5.84: 
	5.85: 
	5.86: 
	5.87: 
	5.88: 
	5.89: 
	5.90: 
	5.91: 
	5.92: 
	5.93: 
	5.94: 
	5.95: 
	5.96: 
	5.97: 
	5.98: 
	5.99: 
	5.100: 
	5.101: 
	5.102: 
	5.103: 
	5.104: 
	5.105: 
	5.106: 
	5.107: 
	5.108: 
	5.109: 
	5.110: 
	5.111: 
	5.112: 
	5.113: 
	5.114: 
	5.115: 
	5.116: 
	5.117: 
	5.118: 
	5.119: 
	5.120: 
	5.121: 
	5.122: 
	5.123: 
	5.124: 
	5.125: 
	5.126: 
	5.127: 
	5.128: 
	5.129: 
	5.130: 
	5.131: 
	5.132: 
	5.133: 
	5.134: 
	5.135: 
	5.136: 
	5.137: 
	5.138: 
	5.139: 
	5.140: 
	5.141: 
	5.142: 
	5.143: 
	5.144: 
	5.145: 
	5.146: 
	5.147: 
	5.148: 
	5.149: 
	5.150: 
	5.151: 
	5.152: 
	5.153: 
	5.154: 
	5.155: 
	5.156: 
	5.157: 
	5.158: 
	5.159: 
	5.160: 
	5.161: 
	5.162: 
	5.163: 
	5.164: 
	5.165: 
	5.166: 
	5.167: 
	5.168: 
	5.169: 
	5.170: 
	5.171: 
	5.172: 
	5.173: 
	5.174: 
	5.175: 
	5.176: 
	5.177: 
	5.178: 
	5.179: 
	5.180: 
	5.181: 
	5.182: 
	5.183: 
	5.184: 
	5.185: 
	5.186: 
	5.187: 
	5.188: 
	5.189: 
	5.190: 
	5.191: 
	5.192: 
	5.193: 
	5.194: 
	5.195: 
	anm5: 
	6.0: 
	6.1: 
	6.2: 
	6.3: 
	6.4: 
	6.5: 
	6.6: 
	6.7: 
	6.8: 
	6.9: 
	6.10: 
	6.11: 
	6.12: 
	6.13: 
	6.14: 
	6.15: 
	6.16: 
	6.17: 
	6.18: 
	6.19: 
	6.20: 
	6.21: 
	6.22: 
	6.23: 
	6.24: 
	6.25: 
	6.26: 
	6.27: 
	6.28: 
	6.29: 
	6.30: 
	6.31: 
	6.32: 
	6.33: 
	6.34: 
	6.35: 
	6.36: 
	6.37: 
	6.38: 
	6.39: 
	6.40: 
	6.41: 
	6.42: 
	6.43: 
	6.44: 
	6.45: 
	6.46: 
	6.47: 
	6.48: 
	6.49: 
	6.50: 
	6.51: 
	6.52: 
	6.53: 
	6.54: 
	6.55: 
	6.56: 
	6.57: 
	6.58: 
	6.59: 
	6.60: 
	6.61: 
	6.62: 
	6.63: 
	6.64: 
	6.65: 
	6.66: 
	6.67: 
	6.68: 
	6.69: 
	6.70: 
	6.71: 
	6.72: 
	6.73: 
	6.74: 
	6.75: 
	6.76: 
	6.77: 
	6.78: 
	6.79: 
	6.80: 
	6.81: 
	6.82: 
	6.83: 
	6.84: 
	6.85: 
	6.86: 
	6.87: 
	6.88: 
	6.89: 
	6.90: 
	6.91: 
	6.92: 
	6.93: 
	6.94: 
	6.95: 
	6.96: 
	6.97: 
	6.98: 
	6.99: 
	6.100: 
	6.101: 
	6.102: 
	6.103: 
	6.104: 
	6.105: 
	6.106: 
	6.107: 
	6.108: 
	6.109: 
	6.110: 
	6.111: 
	6.112: 
	6.113: 
	6.114: 
	6.115: 
	6.116: 
	6.117: 
	6.118: 
	6.119: 
	6.120: 
	6.121: 
	6.122: 
	6.123: 
	6.124: 
	6.125: 
	6.126: 
	6.127: 
	6.128: 
	6.129: 
	6.130: 
	6.131: 
	6.132: 
	6.133: 
	6.134: 
	6.135: 
	6.136: 
	6.137: 
	6.138: 
	6.139: 
	6.140: 
	6.141: 
	6.142: 
	6.143: 
	6.144: 
	6.145: 
	6.146: 
	6.147: 
	6.148: 
	6.149: 
	6.150: 
	6.151: 
	6.152: 
	6.153: 
	6.154: 
	6.155: 
	6.156: 
	6.157: 
	6.158: 
	6.159: 
	6.160: 
	6.161: 
	6.162: 
	6.163: 
	6.164: 
	6.165: 
	6.166: 
	6.167: 
	6.168: 
	6.169: 
	6.170: 
	6.171: 
	6.172: 
	6.173: 
	6.174: 
	6.175: 
	6.176: 
	6.177: 
	6.178: 
	6.179: 
	6.180: 
	6.181: 
	6.182: 
	6.183: 
	6.184: 
	6.185: 
	6.186: 
	6.187: 
	6.188: 
	6.189: 
	6.190: 
	6.191: 
	6.192: 
	6.193: 
	6.194: 
	6.195: 
	6.196: 
	6.197: 
	6.198: 
	6.199: 
	6.200: 
	6.201: 
	6.202: 
	6.203: 
	6.204: 
	6.205: 
	6.206: 
	6.207: 
	6.208: 
	6.209: 
	6.210: 
	6.211: 
	6.212: 
	6.213: 
	6.214: 
	6.215: 
	6.216: 
	6.217: 
	6.218: 
	6.219: 
	6.220: 
	6.221: 
	6.222: 
	6.223: 
	6.224: 
	6.225: 
	6.226: 
	6.227: 
	6.228: 
	6.229: 
	6.230: 
	6.231: 
	6.232: 
	6.233: 
	6.234: 
	6.235: 
	6.236: 
	6.237: 
	6.238: 
	6.239: 
	6.240: 
	6.241: 
	6.242: 
	6.243: 
	6.244: 
	6.245: 
	6.246: 
	6.247: 
	6.248: 
	6.249: 
	6.250: 
	6.251: 
	6.252: 
	6.253: 
	6.254: 
	6.255: 
	6.256: 
	6.257: 
	6.258: 
	6.259: 
	6.260: 
	6.261: 
	6.262: 
	6.263: 
	6.264: 
	6.265: 
	6.266: 
	6.267: 
	6.268: 
	6.269: 
	6.270: 
	6.271: 
	6.272: 
	6.273: 
	6.274: 
	6.275: 
	6.276: 
	6.277: 
	6.278: 
	6.279: 
	6.280: 
	6.281: 
	6.282: 
	6.283: 
	6.284: 
	6.285: 
	6.286: 
	6.287: 
	6.288: 
	6.289: 
	6.290: 
	6.291: 
	6.292: 
	6.293: 
	6.294: 
	6.295: 
	6.296: 
	6.297: 
	6.298: 
	6.299: 
	6.300: 
	6.301: 
	6.302: 
	6.303: 
	6.304: 
	6.305: 
	6.306: 
	6.307: 
	6.308: 
	6.309: 
	6.310: 
	6.311: 
	6.312: 
	6.313: 
	6.314: 
	6.315: 
	6.316: 
	6.317: 
	6.318: 
	6.319: 
	6.320: 
	6.321: 
	6.322: 
	6.323: 
	6.324: 
	6.325: 
	6.326: 
	6.327: 
	6.328: 
	6.329: 
	6.330: 
	6.331: 
	6.332: 
	6.333: 
	6.334: 
	6.335: 
	6.336: 
	6.337: 
	6.338: 
	6.339: 
	6.340: 
	6.341: 
	6.342: 
	6.343: 
	6.344: 
	6.345: 
	6.346: 
	6.347: 
	6.348: 
	6.349: 
	6.350: 
	6.351: 
	6.352: 
	6.353: 
	6.354: 
	6.355: 
	6.356: 
	6.357: 
	6.358: 
	6.359: 
	6.360: 
	6.361: 
	6.362: 
	6.363: 
	6.364: 
	6.365: 
	6.366: 
	6.367: 
	6.368: 
	6.369: 
	6.370: 
	6.371: 
	6.372: 
	6.373: 
	6.374: 
	6.375: 
	anm6: 
	6.EndLeft: 
	6.StepLeft: 
	6.PlayPauseLeft: 
	6.PlayPauseRight: 
	6.StepRight: 
	6.EndRight: 
	6.Minus: 
	6.Reset: 
	6.Plus: 
	7.0: 
	7.1: 
	7.2: 
	7.3: 
	7.4: 
	7.5: 
	7.6: 
	7.7: 
	7.8: 
	7.9: 
	7.10: 
	7.11: 
	7.12: 
	7.13: 
	7.14: 
	7.15: 
	7.16: 
	7.17: 
	7.18: 
	7.19: 
	7.20: 
	7.21: 
	7.22: 
	7.23: 
	7.24: 
	7.25: 
	7.26: 
	7.27: 
	7.28: 
	7.29: 
	7.30: 
	anm7: 
	7.EndLeft: 
	7.StepLeft: 
	7.PlayPauseLeft: 
	7.PlayPauseRight: 
	7.StepRight: 
	7.EndRight: 
	7.Minus: 
	7.Reset: 
	7.Plus: 


