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SVX II

2.5 cm

10.6 cm

90 cm
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Silicon Vertex Trigger
• the capability of triggering on impact parameter and secondary

vertices significantly expanded the physics reach of CDF in the
sector of flavor physics, making it a competitor of B-factories in
terms of yield of hadronic decays of Charm and Beauty

• thanks to SVT, CDF has perfomed many measurements
otherwise impossible at a hadron collider
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Silicon Vertex Trigger

• knowing the exact position of the
beam is very important

• beam moves around from store to
store and drifts slowly within a store

• need to measure exact beam
position in real time and feed back
to SVT for impact parameter
correction

• if the beam moves too much, new
constants must be uploaded
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outline

• monitoring beam position in real time
– crucial for SVT to work

– performed continuosly and reliably in the last 10
years

• measuring beam spot size
– done offline

– never really managed to implement it reliably in
real time

• beam spot tomography
– just a cool idea
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monitoring beam position
in real time
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some basic geometry: d vs. phi

• simple least squares linear fit yields x and y
• analytical solution for minimum
• computationally very efficient
• performed in real time by CPU in a VME crate

x

y

phi

d

d = y cos(phi) – x sin(phi)
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Subtracted

Raw

d

d

phi

some basic geometry: d vs. phi

x

y

phi

d

d = y cos(phi) – x sin(phi)
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Online 3D beam position
6 electrical barrels

Z
3D fit through 6 points yields

x0, y0, dx/dz, dy/dz

Compute x,y of beam spot at six positions in
z using tracks from six distinct “electrical
barrels”
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correcting the impact parameter
in real time

x 12

i.p.
correction

beam
finder

L2
decision

tracks

tracks
(sample)

beam position
CPU

FPGA board
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beam position is updated every few seconds
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one Tevatron store

x

dx/dz dy/dz

30µm 20µm

70
µrad

50
µrad

15 hr 15 hr

15 hr15 hr

y
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one week

x y

dx/dz dy/dz

40µm

50
µrad

70µm

50
µrad
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measuring beam spot size
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measuring beam spot size



Real Time Beam Position Monitoring at CDF - Luciano Ristori - TIPP - June 13, 2011 16

two track impact parameter correlation

<d1*d2> - <d1><d2> = σ2 cos(phi)

Intrinsic beam width

phi

1

2

information on the intrinsic beam spot
size can be extracted from the

correlation between impact parameters
of pairs of tracks coming from the same

primary vertex

<d1*d2> - <d1><d2> vs. cos(phi)
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two track impact parameter correlation

measure beam width in six z segments
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the “hourglass”

barrel number (Z)

total

i.p. resolution

beam

 Emittance: 0.279E-08 +- 0.125E-09 m
     Beta*: 0.387E+00 +- 0.297E-01 m
        Z0: 0.359E+01 +- 0.141E+01 cm

Z
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beam spot tomography
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beam spot tomography
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the mexican hat

second derivative of a gaussian

width must be optimized for the problem at hand
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10 tracks 100 tracks 1000 tracks

reconstructing a 2D image

2 x 2 mm2
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100,000 tracksi.p. corrected i.p. uncorrected

what if the beam moves?

4 x 4 mm2

cm cm
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Feb 2002 - Feb 2010
17 million tracks - uncorrected

footprints of the Tevatron beam

cm

6 x 6 mm2
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summary

• monitoring beam position in real time
– crucial for SVT to work

– performed continuosly and reliably in the last 10
years

• measuring beam spot size
– done offline

– never really managed to implement it reliably in
real time

• beam spot tomography
– just a cool idea


