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The Loma Linda University Medical CenterThe Loma Linda University Medical Center

•• Founded in 1905 as the Loma Linda SanitariumFounded in 1905 as the Loma Linda Sanitarium

•• Now: 6000 employees, 550 physicians, 24000 inpatients/year, 650000 outpatients/yearNow: 6000 employees, 550 physicians, 24000 inpatients/year, 650000 outpatients/year
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•• 1993: Children’s hospital (900 beds), world’s leader for infant heart transplantation1993: Children’s hospital (900 beds), world’s leader for infant heart transplantation



The protonThe proton--therapy facilitytherapy facility

•• Built in 1993 in the Built in 1993 in the 
basement of the Children’sbasement of the Children’sbasement of the Children s basement of the Children s 
HospitalHospital

•• About 80 M$, mostly from About 80 M$, mostly from 
the US governmentthe US governmentthe US governmentthe US government

•• 150 employees,  130/180 150 employees,  130/180 
patients/day, 160 average patients/day, 160 average 
patients/daypatients/day

•• 89% prostate cancer 89% prostate cancer 
treatmentstreatments

•• Optivus: 60 employees, Optivus: 60 employees, 
provides field service, provides field service, 
maintenance and maintenance and 
upgradingupgrading
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What a patient seesWhat a patient sees

•• Two floors, one for visits and one for Two floors, one for visits and one for 
treatmentstreatments

•• Two nice receptions, with games, Two nice receptions, with games, 
internet, coffee, etc.internet, coffee, etc.

•• A long corridor with patientA long corridor with patientA long corridor with patient A long corridor with patient 
preparation rooms on the right and preparation rooms on the right and 
four treatment rooms on the leftfour treatment rooms on the left
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What a physicist can see…What a physicist can see…
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HBL – Eye treatment + horizontal beam Experimental room – 3 horizontal beams



The acceleratorThe accelerator
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The “B train”The “B train”
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The acceleratorThe accelerator

• Proton synchrotron 
(design Fermilab upgraded 
by Optivus)

304 MeV maximum• 304 MeV maximum 
energy

•260 MeV maximum 
extracted energygy

• Cycle 2.2 sec

• Spill duration 0.2-0.5 sec

• Outer diameter 6 71 m• Outer diameter 6.71 m

• Maximum proton flux 
3.4x1010 p/spill (2.5 nA 
average current)

Rome - 15-18.03.10 - SB - 7/8 8

g )



The “real” beginningThe “real” beginning

H d b ttl + !!!
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Hydrogen bottle + spare !!!



Let’s start the tour…Let’s start the tour…

The ion source – 35 kV

The RFQ – 425 MHz, 2 MeV output energy
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Low energy beam linesLow energy beam lines

The debuncher + focussing quadrupoles

180o bending magnet
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Injection septum and kickerInjection septum and kicker
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RF cavityRF cavity

0 947 9 713 MH
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0.947 – 9.713 MHz



ExtractionExtraction

Wire septum

Extraction efficiency 90%
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Extraction Lambertson magnet



Beam dump or beam line?Beam dump or beam line?

To the treatment rooms

Beam dump down the floor
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Beam transport linesBeam transport lines
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One of the three gantriesOne of the three gantries
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Eye treatment in HBLEye treatment in HBL
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The HBL horizontal beam lineThe HBL horizontal beam line
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The nozzleThe nozzle

Propeller Quadrant 
ionization 
chamber

17x17 
ionization 
chamber

chamber

Rome - 15-18.03.10 - SB - 7/8 20



PropellerPropeller

One for 
each field
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CollimatorCollimator

One for 
each field
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BolusBolus

Spinal cord

Prostate

One for 
each field
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Liver

each field



CalibrationCalibration
f• Performed overnight 

for each field by a 
physicist

• Only one point isOnly one point is 
tested (chosen by a 
medical physicist)

• All the components 
b d dare bar-coded

• Precision within 2%
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The beam time scheduleThe beam time schedule

S h d lSchedule

6 am – 10 pm   Treatments

10 pm – 2 am   Calibration and maintenance

2 am – 6 am     Upgrading and research

Week-end : Maintenance, upgrading and
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Week end : Maintenance, upgrading and 
research



MATRIX: a nice physics experimentMATRIX: a nice physics experiment

•• Pixel ionization chamberPixel ionization chamberPixel ionization chamber Pixel ionization chamber 

•• OnOn--line monitoring during hadronline monitoring during hadron--therapy treatmentstherapy treatments

2D information:2D information:

DoseDose

Beam positionBeam position

•• Collaboration TERACollaboration TERA University and INFN TorinoUniversity and INFN Torino
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•• Collaboration TERA Collaboration TERA –– University and INFN TorinoUniversity and INFN Torino



Structure of the detectorStructure of the detectorFiberglass frames

5 thi k

Mylar windowMylar window

5 mm thickness

FrontFront--end end 
boardsboards

AnodeAnodeAnodeAnode

• Anode: 1024 pixels
• Sensitive area: 21 × 21 cm2
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CathodeCathodeMylar windowMylar window • Pixel dimension: 6.5 × 6.5 mm2



AnodeAnode

Kapton: 50 Kapton: 50 μμmm

Copper: 17Copper: 17 μμmm

Sensitive area: Sensitive area: 
1024 i l1024 i l

Copper: 17 Copper: 17 μμmm

1024 pixels1024 pixels

Guard rindGuard rind

Connection with frontConnection with front--end end 
boards boards –– pads for connectorspads for connectors

i li l d fd f
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pixels pixels –– pads for pads for 
connectorsconnectors



CathodeCathode

Al i i d lAl i i d lAluminized mylarAluminized mylar
Applied voltage: Applied voltage: -- 400 V400 V

Fiberglass frameFiberglass frame
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FrontFront--end board end board 

Chip TERA 06Chip TERA 06
Recycling integratorRecycling integratory g gy g g
2 x 64 channels2 x 64 channels

1024 pixels : 8 boards, 16 chips1024 pixels : 8 boards, 16 chips
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1024 pixels : 8 boards, 16 chips1024 pixels : 8 boards, 16 chips



FrontFront--end board end board 

The lower the charge The lower the charge 
quantumquantumquantumquantum

The betterThe betterThe better The better 
the measurementthe measurement

Charge quantum: 100 Charge quantum: 100 –– 800 fC800 fC
The charge quantum The charge quantum 

can be adjusted can be adjusted 
according to theaccording to the

Q = 100 fCQ = 100 fC IImaxmax= 0.5 = 0.5 μμAA

Q = 800 fCQ = 800 fC II = 4 0= 4 0 μμAA

according to the according to the 
beam current:beam current:

100 fC for LLUMC100 fC for LLUMC
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Q  800 fCQ  800 fC IImaxmax  4.0  4.0 μμAA



MATRIX at LLUMCMATRIX at LLUMC

MATRIX

HV and LV power supplies

PC for DAQ
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A nice effect…A nice effect…
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Detection of the movement of the propeller by Detection of the movement of the propeller by 
means of ionization!means of ionization!means of ionization!means of ionization!

Time
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…in the experimental beam room…in the experimental beam room
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Measurements in Gantry 2Measurements in Gantry 2
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Measurements in Gantry 2Measurements in Gantry 2

Vertical beam for measuring theVertical beam for measuring the 
Bragg peak

Ebeam = 149 MeV
Alignment with laser beams
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Alignment with laser beams



The Bragg PeakThe Bragg Peak
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Beam shape for a prostate cancer treatmentBeam shape for a prostate cancer treatment
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End of part VIIEnd of part VII
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