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• Two collimation units,  horizontal and  vertical, 
will be installed in the PIP-II transfer line. Both 
systems have primary and secondary 
collimators and masks. Jaws are moved inside 
the vacuum chamber toward  the center of the 
beam line. The travel of each jaw is +/- 1” for 
primary and  one inch of each jaw for 
secondary. The aperture of the collimators is  
2”x2”. The primary collimator jaw length is  7-
7/16 ” , secondary collimator jaws length is 40”

• Collimators will intercept the beam in stainless 
steel vacuum chambers (part of the PIP II 
transfer line vacuum system), surrounded by 
steel absorbers with external marble shielding. 

• The shielding is determined through an iterative 
process between the engineering design, 
radiological safety, MARS modeling, and PIP II 
group.

• The motion systems of the Primary and 
Secondary collimators are external of the entire 
collimation system. 

Introduction
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Collimator geometry

12/1/2022
V. Sidorov /BTL Collimators Mechanical Design 4

Vacuum 
chamber

Steel
Marble151.5”

50”

3.6”

25”

3.6”

21”22.5”
ID 2””23.6”

Primary jaw Secondary jawsActuator

20.56” 40” 25” 42”

2”

162.82”- 4.14 m

7-7/16”
2” 2”4.5”

2”



12/1/2022
V. Sidorov /BTL Collimators Mechanical Design

5

Ground Surface Prompt Dose Rate Estimates

Ground surface

Dose rate, mrem/h

2
Ground surface

Dose rate, mrem/h

1

Ground surface

Resolved 
peaks

Highest
radiation

Along beamline Across beamline

Prompt dose rate maps:
1. Along the beamline, centered at beamline
2. Across the beamline, location of the max radiation

(forward peaked, approx. 2 m downstream of the source)
Transverse averaging: 60 cm in both cases

Requirement – below 5e-2 mrem/h
Dose above the ground surface (averaged over 2 m human 
height & 60 cm by 60 cm horizontally): 1.4e-2 mrem/h

Dali Georgobiani



12/1/2022
V. Sidorov /BTL Collimators Mechanical Design 6

Residual Dose Rates in the Beam Line Components & Tunnel Walls

Adding a 2.3 cm thick marble plate at the wall reduces doses on contact to < 5 mrem/h.
The extent of a marble plate can be deduced from the plan view of the dose rate map; 
a few meters would be sufficient to shield the high dose area. 

100 d irradiation,
4 h cooling time

Nominal hands-on
limit is 100 mrem/h

Residual dose rate, mrem/h Residual dose rate, mrem/h

Plan view in the beamline plane Elevation view at the wall

Max 120 
mrem/h

Residual
dose rates
at surfaces
of collimator
shields are
low, < 10
mrem/h



Horizontal Collimator
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Primary 
Collimator

Secondary 
CollimatorMask MaskDrive

Mechanism

The Horizontal Collimator is scraping beam in the XY plane. Jaws are moved horizontally by actuators located on the 
aisle side of the collimator. The collimation unit weight is about 110,000lb.



Primary and Secondary Horizontal Collimators sections
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Horizontal Collimation Unit in the Tunnel
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Vertical Collimator
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Drive
Mechanism

Primary 
Collimator

Secondary 
Collimator

Mask MaskMask

The vertical collimator design is similar with Horizontal collimator. Jaws are moved vertically in the  YZ plane . 



Primary and Secondary Vertical Collimators sections
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Primary collimator
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Primary Collimator vacuum chamber assembly

12/1/2022
V. Sidorov /BTL Collimators Mechanical Design 12

Guide ball

Drift chamber

Plunger

Jaw

Al bronze
bushing

The Jaw is inserted into the 4”x8” tube and sliding to the beam line. The jaw is guided inside the tube by stainless 
steel balls. The plunger is connected to the jaw and to the actuator through the bellows weldment rod .

Bellows

Jaw Pin



Primary Collimator Jaw
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Pin hole

8”

7-7/16”

Ball hole

3-7/16”

Clevis
slot

Aperture 2”x2”

The primary collimator jaw is made from copper. The aperture of the jaw is 2”x 2”. 



• Both jaws are connected to the sliding plungers with pin-clevis joint. The sliding plunger is 
joint with bellows weldment rod.

Secondary Collimator vacuum chamber assembly

12/1/2022
V. Sidorov /BTL Collimators Mechanical Design 14

Sliding plunger

2”

Jaws

Bellows
Weldment rod

Pin

Pin

Clevis

Clevis



Secondary Collimator aisle side  Jaw
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36”

2”
Pin hole

32”

Pivot slot

2.625”

3.4”

Guide ball

Secondary collimator jaws are made from stainless steel. 



Secondary Collimator wall  side  Jaws
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Temperature Results – Primary Jaw
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Raul Campos



Temperature Results – Secondary Jaw
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Accident scenario – 25kW energy deposition
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• Maximum temperature is not an issue with analyzed contacts and 
boundary conditions for the initial seconds of accident scenario, but 
could be for longer duration of 25kW energy deposition

• 21 MPa stresses due to temperature gradient below endurance limit (50 
MPa for assumed annealed copper) so there is no risk of thermo-
mechanical fatigue failure 

pulse length 0.00055 sec
Rep rate 20 pulses/sec
beam off between pulses 0.04945 sec
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Collimators motion control unit
Special motion control unit is designed for collimators jaws movement.

LVDT

LVDT 
mover

Spring
housing

Actuator

Spring
pusher

LSW
pusher

Limit 
switch

Flat
spring



Primary horizontal collimator drive and control

LVDT

21

Actuator
Limit 
switch

Spring 
pusher

Jaw Bellows weldmentPlunger

Flat
Spring 

The jaw movement is provided by the actuator. The actuator bracket base plate is bolted to the collimator steel 
shielding and the actuator screw is connected to bellows weldment rod . The travel +/- 1” is limited by limit 
switches and hard stops. The position of jaw in the vacuum chamber  is controlled by LVDT.

V. Sidorov /BTL Collimators Mechanical Design

Vacuum chamber

Max1” Max1”

12/1/2022



Secondary collimator drives and controls
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LVDT

Limit switch
Bellows weldment Plunger Spring pusher

Flat 
spring

The actuator is connected to the bellows weldment rod and providing the push-pull acting force. Both actuators of each 
jaw are synchronized. Limit switches are limited the  jaws travel. LVDTs control the jaws position inside the vacuum 
chamber. The bellows weldment rod and spring pusher stops jaws movement if Limit switch will be destroyed.
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•Macro Sensors’ HSA and HSAR 750 Series of 3/4 inch (19 mm) diameter AC-operated LVDTs are designed for a 
wide range of position measurement applications. These are rugged hermetically sealed sensors, constructed 
entirely of stainless steel, and intended for general industrial use. The coil windings are sealed against hostile 
environments to IEC standard IP-68 and electrical termination is through a sealed axial (HSA) or radial (HSAR) 
connector.

Input Voltage 3.0 Vrms (nominal)

Input Frequency 2.5 to 3.0 kHz

Linearity Error < ±0.25% of FRO

Repeatability Error < 0.01% of FSO

Hysteresis Error < 0.01% of FSO

Operating Temperature
-65 °F to +220 °F

-55 °C to +105 °C

Thermal Coefficient of 
Sensitivity

-0.01%/°F (nominal)

-0.02%/°C (nominal)

Vibration Tolerance 20 g to 2 kHz

Shock Survival 1000 g, 11 ms

LVDT
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Parameter
Unit of 
Measure

HSA 
750-
050

HSA 750-
125

HSA 750-
250

HSA 750-
500

HSA 750-
1000

HSA 
750-
2000

HSA 
750-
3000

HSA 750-
4000

HSA 750-
5000

HSA 750-
7500

HSA 750-
10000

Nominal Range
inches ± 0.050 ± 0.125 ± 0.25 ± 0.50 ± 1.00 ± 2.00 ± 3.00 ± 4.00 ± 5.00 ± 7.50 ± 10.00

mm ± 1.3 ± 3.0 ± 6.3 ± 12.5 ± 25 ± 50 ± 75 ± 100 ± 125 ± 190 ± 250

Sensitivity

mV/V/.001 
in

6.1 3.9 2.4 0.63 0.61 0.37 0.25 0.17 0.12 0.11 0.07

mV/V/mm 240 154 96 25 24 15 9.8 6.7 4.9 4.3 2.8

Primary 
Impedance

ohms 325 735 1400 1200 1250 2150 2150 420 600 775 620

Dimension "A"
inches 2.01 2.64 3.35 5.92 7.38 10.91 13.65 16.17 18.65 23.85 31.66

mm 51.1 67.1 85.1 150.4 187.5 277.1 346.1 411 473.7 606 804

Dimension "B"
inches 0.80 1.25 1.65 3.45 3.45 5.30 6.20 6.20 6.20 7.00 9.50

mm 20.3 31.7 41.9 87.6 87.6 134.6 157.5 157.5 157.5 177.8 241.3

Dimension "N"
inches 0.63 0.94 1.32 2.57 3.32 5.07 6.29 7.65 8.94 11.52 15.42

mm 16 24 33 65 84 129 160 194 227 293 392

Weight - Body
ounces 1.6 2.1 2.5 3.3 4.3 6.2 8.2 9.2 10.0 14.2 18.3

grams 45 59 71 93 122 176 232 260 283 402 519

Weight - Core
ounces 0.08 0.12 0.18 0.40 0.40 0.65 0.80 0.80 0.80 0.90 1.20

grams 2.4 3.7 4.8 11.6 11.6 18 22 22 22 25.5 34
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Limit Switch



Thermocouple
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The OMEGA type-K thermocouple 1/16 diameter is 
used for jaws temperature control.
The thermocouple is inserted into grove and touched  
the vacuum chamber. The heat from jaws is 
transferred through the vacuum chamber body to 
thermocouples.
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• Cables will be procured and pulled from the racks to the element.

(4) 5 conductor 18 AWG Alpha Cable MFR. # 1898/5C For Motor Control

(4) 3 conductor 20 AWG Alpha Cable MFR. # 1896C/3C For Limit Switches

(4) 2 Pair 22 AWG Alpha Cable MFR. # 2466C For LVDT Position Sensors

Power Supply

Motors 
Controllers

LVDTs Controllers

Power supply and controls rack assembly

Mike Coburn
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1. Two collimator support tables are delivered to the 
collimator location and aligned with the beam line
by the alignment group. Table weight: 4000lb

2. Primary and secondary collimators vacuum 
chambers support blocks are assembled in the 
middle of tables.

Collimator Assembly Procedure
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3. Both collimators vacuum chambers are placed on the support blocks, aligned with the beam line center,
welded together and covered with top shielding plates.
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4. Vacuum chambers surrounding steel shielding installation is continued.
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5. Steel shielding installation is completed. Motor control units are installed
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6. All steel shielding surfaces  are covered with marble except the wall side. The marble is held by aluminum frame.
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7. The support table is covered with marble. The marble is supported by aluminum channels.
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Vertical Support Collimator Stands
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8. Vertical collimators shielding has holes on the bottom. Vacuum chambers are placed on the support blocks, 
aligned with beam center line, secured and welded together.
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9. Surrounding steel shielding  installation. 
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10. All collimator surfaces are covered with marble except the wall side . Motion controls are installed under the table 
and table bottom surface is covered with marble.
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Vacuum connection
Vacuum connection

Vertical Collimator Horizontal Collimator

11. After collimators assembly in the tunnel , the collimators vacuum chambers are connected to the transfer line beam pipe.
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Thank you for your Attention
Questions?


