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•Review of SVT and motivations for upgrade

•Conceptual design and expected performance

•Technical design and status of construction

•Schedule, budget, and resources
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The HPS SVT

Compact e+e- spectrometer,  
immediately downstream of thin 
target in multi-GeV beam in Hall B.

• Low-mass, high-rate (up to 4 
MHz/mm2) silicon tracker (SVT) 
allows vertexing long-lived A′.  
SVT must suppress SM tridents  
from target by factor ~107

• PbWO4 ECal trigger eliminates 
10’s MHz scattered single e-.

Short engineering runs in  
2015 (1.7 days) and 2016 (5.4 days)
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L4-6 (stationary)

L1-3 (movable)

DAQ
front-end
boards

power
flange

signal
flange

SVT, target
movers

e�

e+

e�

target

outer box  
w/ support ring

L1-3
support channel 
w/ motion lever

12 layers of silicon strips, each measures position  
(~6 𝜇m) and time (~2 ns) with 0.7% X0 / 3d hit.

Must operate in an extreme environment:

• beam vacuum and 1.5 T magnetic field

• sensor edges 0.5 mm from beam in L1  
(15 mrad acceptance in all layers)

• must be actively cooled to -20 C

• ~100 gb/sec requires fast electronics

The HPS SVT
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SVT Upgrade Motivations

vz = 0 ⟹15 mrad for 6 hits

vz = 10 cm  
⟹ 30 mrad  
for 5 hits

10cm 10cm

0
1.

5m
m

3m
m

ta
rg

et

0 10 20 30 40 50 60 70 80 90 1000

1000

2000

3000

4000

5000

6000

7000

8000

9000

triEndZ {triP>0.8*1.056&&bscP>0.8*1.056}
hnew

Entries  91288
Mean    17.08
Std Dev      15.2

triEndZ {triP>0.8*1.056&&bscP>0.8*1.056}

0 10 20 30 40 50 60 70 80 90 1000

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

triEndZ {triP>0.8*1.056&&bscP>0.8*1.056}
eff

Entries  24034
Mean    36.03
Std Dev     23.23

 / ndf 2χ  36.01 / 45
p0        0.013±1.936 − 
p1        0.0035060± 0.0005314 
p2       04− 2.179e±06 − 2.103e
p3       06− 4.519e±06 −1.144e− 
p4       08− 2.899e±08 −1.993e− 

triEndZ {triP>0.8*1.056&&bscP>0.8*1.056}

ac
ce

pt
an

ce

z-vertex position (mm)

current 5-hit  
acceptance
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Move L2-L3Layer 0

Adding a new “Layer 0” closer 
to the target allows access to 
shorter decay lengths:  
large multiplier on acceptance 
for exponential decays.

Moving Layers 2 and 3 as 
close to beam as occupancy 
allows restores acceptance at 
longer decay lengths.
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Conceptual Design

Layer 0 is similar in concept  
to other layers, but…

closer to target (5 cm vs. 10 cm for L1)

~half the material (0.4% X0)  

For same acceptance, must be 
proportionally closer to beam.

Moving L2 and L3 closer by small 
amount (700 microns) is simple  
matter of adding shims under modules.

L0 = 5 cmL1 = 10 cm
L2 = 20 cm

L3 = 30 cm

targ
et =

 0

current SVT design

upgrade concept
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Upgrade Improvements
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Upgrade Improvements
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Cut on z vertex position for 0.5 Events Background 

e+e- mass [GeV]
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Cut on z vertex position for 0.5 Events Background 
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Upgraded Reach

Layer 0 is biggest factor in restoring reach with the upgrades.

4 weeks of data @ 4.4 GeV

ϵ2

positron trigger only
SVT upgrade only
both trigger and SVT upgrades



Inactive silicon at the edge of Layer 1 creates 
some difficult backgrounds
• conversion of wide-angle brems

• tridents from scattered electrons

Layer 1 operates near the occupancy limit, but 
most of Layer 1 area has no useful occupancy

⇒Replace Layer 1 with Layer 0 modules?

Layer 0 design tolerates higher occupancy,  
would allow moving Layer 1 inward so that 
more long-lived particles will have an L1 hit.

Additional sensitivity from this change still 
being assessed but could be large.
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Option: Replacement of Layer 1
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Option: Replacement of Layer 1
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• conversion of wide-angle brems
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⇒Replace Layer 1 with Layer 0 modules?

Layer 0 design tolerates higher occupancy,  
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Edges 

650µm 

18 mm 

34
 m

m
 

Edge: 5 mm from active area in the slim 
edge side. Slim edge in range 250 µm far 
from active area. On the other sides edge 
650 µm far from active area. 

5 mm 

500 µm 

500µm 

250 µm 
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Layer 0 Sensor Design

200 𝜇m thick p+-in-n bulk Si

55 𝜇m sense/readout pitch

split into two 15 mm × 14 mm active areas,  
with short strips read out from both ends

510 channels (2×255)

250 𝜇m slim inactive edge allows placement 

closer to beam (scribe-cleave-passivate process)

~500V maximum bias voltage

30

SCIPPSCIPP

Vertex 2012                         Scribing-Cleaving-Passivation for HEP Si Sensors 

damage from tweezers cleaving

HPK N-Type
GLAST Baby

optical micrograph, top-view

DRIE Etch-Scribing – All Four Sides

Test DRIE-scribed sensor w/ 
automated systems

e-

14
 m

m

15 mm



IV-curves before/after cleaving
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Sensor Status

Sensors have defined the critical path

• Order for 20 units placed Oct. 2017 with CNM D+T

• Design finalized 1/19/18, fabrication started 2/5/18

• Projected delivery July → October → December 

• Fabrication completed Nov. 9,  tested/diced sensors 
available Dec. 4 for slim-edge cleaving

• First cleaved sensors now at UCSC and SLAC.

Results overall are good

• depletion and IV characteristics as expected

• cleaving not significantly impacting breakdown

• factors determining yield:

• pinhole spec (2%)

• slim-edge thickness

➡Modules used in L1 don’t require slimmest edge

➡Many pinholes outside acceptance

Can build good modules for L0 and L1 with these.

slim-edge cleaving
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Layer 0 Hybrid Design

Schematic is simple modification to 
previous designs (one fewer APV25), 
but the layout is quite different.
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Layer 0 Hybrid Status and Performance

• Full run of hybrids received in early December.

• First production hybrid was assembled and 
tested at SLAC/UCSC before the holidays.

• Performance is as expected.

• Now loading and testing all hybrids

1 MIP ≅ 1000 ADC counts

pedestals

per-sample noise
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Layer 0 Mechanical Design

• module assembly fixture

• module support

• u-channel lever block

• storage/shipping/wirebonding fixtures
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Layer 0 Module Design and Assembly
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Layer 0 Module Design and Assembly
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Layer 0 Module Design and Assembly
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Layer 0 Module Design and Assembly
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Layer 0 Module Design and Assembly
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Layer 0 Module Assembly Fixture

Have a pair of 
these at SLAC. 
Setting up to 
begin sensor 
attachment.
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Layer 0 Module Support

Similar to, but simpler than other layers: a solid Al cooling block.

currently in fabrication
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Layer 0 Module Support

Similar to, but simpler than other layers: a solid Al cooling block.

currently in fabrication



lever block
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U-channel Lever Block
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U-channel Lever Block and Layer 1 Replacement
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U-channel Lever Block and Layer 1 Replacement
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U-channel Lever Block and Layer 1 Replacement

parts currently in fabrication
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Moving Layers 2 and 3

standard shim stock 
of desired thickness 
with clearance holes

no changes to module 
mounting hardware 
are required
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Layer 0 DAQ

Hybrids terminated with same 
connectors as L1-L3 modules, originally 
built for the HPS Test Run.

Open channels on crossover boards 
fully serviced by existing DAQ.

Only changes are to DAQ firmware/
software to accommodate addition of 
data from Layer 0 modules.
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Schedule

7/10/17, 8:00 AM1) Project Approved
9/1/17, 6:00 AM2) Layers 1-3 @ SLAC

1/22/18, 2:00 PM3.1) Sensor Design
1/22/18, 2:00 PM3.2) Sensor Design 

Complete
2/5/18, 2:00 PM3.3) Mask Procurement
11/12/18, 2:00 PM3.4) Sensor Fabrication
12/10/18, 2:00 PM3.5) Sensor Processing
1/7/19, 2:00 PM3.6) Sensor Testing
1/7/19, 2:00 PM3.7) Sensors Ready

1/7/19, 2:00 PM3) Sensors

8/11/17, 5:00 PM4.1) Schematics
10/29/18, 2:00 PM4.2) Layout
10/29/18, 2:00 PM4.3) Hybrid Layout Complete
11/26/18, 2:00 PM4.4) Procurement
12/17/18, 2:00 PM4.5) Assembly
2/11/19, 2:00 PM4.6) Testing
1/7/19, 2:00 PM4.7) Hybrids Ready

2/11/19, 2:00 PM4) Hybrids

2/18/19, 2:00 PM5) Module Supports

2/18/19, 2:00 PM6) Layer 2-3 Shims

2/18/19, 2:00 PM7) Lever Blocks

1/14/19, 2:00 PM8) Assembly Fixtures
1/7/19, 2:00 PM9) Mechanical Design 

Complete
2/18/19, 2:00 PM10) Mechanics Complete

2/4/19, 2:00 PM11.1) Sensor Attachment
2/11/19, 2:00 PM11.2) Wirebonding
3/4/19, 2:00 PM11.3) Testing
3/4/19, 2:00 PM11.4) Encapsulation
3/18/19, 2:00 PM11.5) Mounting
3/18/19, 2:00 PM11.6) Modules Complete

3/18/19, 2:00 PM11) Module Assembly

3/20/19, 2:00 PM12.1) U-channel assembly
3/22/19, 2:00 PM12.2) Module mounting
3/25/19, 2:00 PM12.3) Wireframe mounting
4/1/19, 2:00 PM12.4) Final testing
4/8/19, 2:00 PM12.5) Survey
4/8/19, 2:00 PM12.6) Ready for shipping

4/8/19, 2:00 PM12) Final Assembly

4/22/19, 2:00 PM13) Shipping

4/26/19, 2:00 PM14) Installation
4/26/19, 2:00 PM15) Project Complete
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Item Vendor/
Institution

Completion 
dates

Project Approved SLAC Complete

Sensor Masks Delivered and Sensor Fabrication Start CNM Complete

Sensors Fabricated CNM Complete

Hybrids Ready for Module Assembly SLAC, UCSC Complete

Sensors Processed, Tested, and Ready UCSC 01/10/2019*

Detector Mechanics Complete SLAC 02/15/2019

Modules Ready SLAC, UCSC 03/18/2019

SVT Fully Assembled at SLAC SLAC 04/08/2019

SVT Fully Assembled at JLAB SLAC, JLAB 04/22/2019

SVT Installed and Ready for Beam – Project Complete SLAC, JLAB 04/26/2019

* in progress — some sensors ready

Sensor order not complete, but enough are 
available to begin production.

Sensor delays required compressing module 
testing and QA from 12 to 6 weeks.

Expect to install SVT at beginning of 
installation window in Hall B.
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Budget

Labor M&S Totals

Sensors $5000 $37500 $42500

Hybrids $64360 $10000.00 $74360.00

Modules $75640 $10000.00 $85640.00

U-channels $61640 $10000.00 $71640.00

Misc $5000 $5000.00 $10000.00

TOTALS $211640 $72500.00 $284140.00

�1

The SVT upgrade is not funded by DOE
• paid for with Stanford funds
• sensors purchased by M. Diamond w/ NERSC fellowship funds 

Currently $81K left in upgrade budget.  

This is roughly on track, but without much contingency.



�26

SVT Upgrade Resources

Responsibilities and personnel are largely the same as for SVT production:

SLAC - B84 cleanroom and “Group C” lab

hybrid design and assembly

mechanical design and assembly

Final QA and full system testing 

UCSC - silicon assembly and wirebonding lab

APV25 mounting, wirebonding and QA of bare hybrids

sensor wirebonding and QA of modules

Cameron Bravo (RA)
Rick Jackson (Mechanical Designer)
Matt McCulloch (Mechanical Tech)
Omar Moreno (RA)
Tim Nelson (staff scientist)
Ben Reese (Electrical Engineer)
Matt Solt (HPS grad student)
Adele Zawada (grad rotation student)
+ TID AIR Electronics Techs

Vitaliy Fadeyev (Research Physicist)
Forest McKinney (Technician)
Alic Spellman (HPS grad student)
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Summary

• A small upgrade to the HPS SVT significantly improves 
vertexing performance.

• Along with positron-only trigger, restores desired physics reach

• Key components are all in hand and project is in production by 
an experienced team. 

• Very few contingencies remain for successful completion.

• Small numbers required will be completed in weeks and ready 
for installation for the summer run.



Extra Slides
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Miscellaneous Items

Things that the upgrade Layer 0 does not change significantly:

The materials inside the vacuum chamber

The cooling envelope for the detector

Any operational procedures for the detector

Any equipment in Hall B (outside of the vacuum chamber)

The data volume produced by the detector

The software and techniques used to reconstruct the data
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Commissioning Plan

Entire SVT will need to be tested after installation to ensure that everything 
works as expected. (must be done anyway after 2 years down!!)

With first beam, we will want to undertake careful scanning and running 
before moving the SVT in completely. 

Previous experience will help us do this safely and quickly. Probably, this will 
not look very different from 2016 running, unless we see something unusual 
along the way.

One item that we will want to give attention to measuring beam halo with 
some ideas of how to identify the source and mitigate if larger than expected: 
not unique to Layer 0… Layer 1 has similar susceptibility.



!31

Reduced Signal Primarily Impacts t0 Resolution
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Figure 7.23.: Resolution (RMS of residuls) of the obtained tpeak as a function of the
cluster SNR for the n-side of the UV module. Conditions: Tp = 50 ns,
f = 40 MHz, 12 samples

Time Resolution vs. Peaking Time
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Figure 7.24.: Obtained time resolution as a function of the peaking time for both p-side and
n-side of the 51 µm zone of the UV module measured at the PSI beam test.

order to achieve an accurate resolution of the reconstructed peak time.
Moreover, the time resolution depends on the used peaking time. In the PSI beam test

several measurements with Tp between 35 and 100 ns were performed. The results of
these measurements are shown in fig. 7.24. While the time resolution is almost constant
up to Tp = 65 ns, it decreases significantly at 100 ns. Hence the nominal value of the
APV25 chip (Tp = 50 ns) is recommended to be used for the future Belle SVD.

t0 resolutionCurrently S/N ~ 25 for 300 𝜇m Si.  Assume ⟹150𝜇m:

• Structure is negligible, so material/2 means signal/2.

• To maintain t0 resolution, must have S/N>20.

➡ need noise/2

Noise characteristics of our sensors w/ APV25: 

ENC ≃ 250+36C ⊕ 𝛼C(Rs)1/2  e-

• currently C=12pf ⇒ ENC = 950 (C ≃1.2 pf/cm)

• need ENC ≲ 450 ⇒ strip length ≲ 3.5 cm.

Full acceptance for A′ daughters allows very short strips.  
Conservatively assume we want largest acceptance we 
could imagine for any purpose: 3-hit tracks from recoils.

⇒ Requires silicon only ~2 cm long: OK
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At Z = 5 cm 
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• Naively, background flux at 15 mrad for z=5 cm is 
4× that at current L1 at z=10 cm (1/r2).  
However, strips don’t sample areal density!

• Fast MC finds background occupancy in first strip  
for Layer 0 is ~2× current Layer 1 occupancy (~1%).

Split the strips on the sensor in half electrically, reading 
out sensor from both ends. Cuts occupancy in half: OK.

For extra headroom on strip occupancy, eliminate 
capacitively-coupled sense strip present in other layers. 
(resolution is limited by multiple scattering anyway).

These changes further reduce noise.

• Principal source of our radiation damage. Layer 0 
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X-rays

Thresholds in current detector are roughly 
at the L-shell line from the tungsten target.

signal/2 ⇒ ~threshold/2  
⟹ All L-shell x-rays that absorbed in  
     Si will be above threshold.

• Small sensor means sensor actually has 
smaller solid angle than Layer 1.

• Thinner sensor means only about 2/3 of 
L-shell x-rays with be absorbed in sensor.

• Studies find that x-ray occupancy will be 
~0.4 hits/sensor  
⇒ 0.07% occupancy: OK

W L-shell line
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Beam Tails

• With innermost strip at 0.75mm, beam tails could be a more serious problem.

• Profile of tails measured in engineering run would predict roughly 2× tails at 0.75mm.

• Like physics occupancy, splitting readout strips in half cuts this in half. OK at 50 nA.

• At 300 nA (4.55 GeV running), expect roughly 1% occupancy / 8 ns in both L0, L1.

• What will tails look like relative to previous?  How can we protect ourselves?
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Material Distribution: Upgrade vs. Nominal
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Acceptance and 
Efficiency

Moving Layers 2 and 3 inwards 
increases acceptance for long-
lived A′ daughters as expected.

Layer 0 has full acceptance and 
good efficiency for tracks accepted 
by the rest of the tracker.
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Resolutions
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In fabrication



!40

Layer 1 Adapter Plate

2

REV

APPROVALS

D

B

C

3456

D

78 1

4

DEC

TOLERANCES:

FRACTIONS

  .XX

DIMENSIONS ARE IN

 .XXX

.XXXX

BREAK EDGES .005-.015

INCHES.

INTERNAL CORNERS R.015 MAX

ALL SURF

ENGR

DWN

CHKR

3

DATE

A

5678

UNLESS OTHERWISE SPECIFIED

NEXT ASSEMBLIES:

SCALE:

B

A

O
F

S
HD

CAD FILE NAME:

DESCRIPTION DWN CHKR APVDDATE

D

C

DRAWING NUMBER REVISION NUMBER

ANGLE

  ASME Y14.5-2009

DIMENSIONING AND TOLERANCING IS IAW

±

±

±

±

±

DO NOT SCALE DRAWING

THE DRAWINGS, SPECIFICATIONS AND OTHER DATA HEREIN PROVIDED SHALL
NOT BE COPIED, PUBLISHED OR OTHERWISE FURTHER DISSEMINATED WITHOUT

PRIOR WRITTEN PERMISSION OF STANFORD UNIVERSITY/SLAC

SLAC FORMAT V3.3

ESTIMATED MASS:

CHECK-PRINT
rickj

12-20-2018  03:56:40 PM

0 8
.0

0

.7
1
8

5
.0

1
8

.5
1
8

7
.7

5
0

4
.0

0
0

7
.0

0
0

1
.0

0
0

.2
5
0

S
L

O
T

 C
T

R

0

.188

.500

.812

.875
1.00

B

C

.314

A

DETAIL A

.250

.030

.060

.1265 ±.0005

n .002 A

O.1265 ±.0005

l O.003M A B C

n .002 A

3X #10(.190)-32 UNF-2B

l O.014 A B C

3X #4(.112)-40 UNC-2B `.25 MIN

l O.014 A B C

O.1245 ±.00052X 
s O.164 X 90v

l O.003M A B C

n .002 A

O.0622X 

NOTES: UNLESS OTHERWISE SPECIFIED

1.   MACHINING: THE USE OF POLISHING,
      SANDING DISKS, ABRASIVE PAPER,
      OR GRINDING WHEELS IS PROHIBITED.

2.   AFTER FABRICATION, DEGREASE AND
      ALCOHOL WIPE, WRAP IN TISSUE AND
      FOIL, PROTECT FROM HANDLING DAMAGE.

3.   ALL DIMENSIONS ASSOCIATED WITH THE
      TRUE POSITION FEATURES ARE BASIC.

4.   ADD .020 X 45v CHAMFER TO ALL 12 CORNERS.

h .004

A

h .004 A

ALUMINUM ALLOY 6061-T651

STOCK NO MATERIAL DESCRIPTION

---

---

---

---

SA-264-610-21

SA-264-610-20

2:1

---

.02

.005
--- 63

T NELSON
R JACKSON   20181220
T NELSON

---
---
---
---

pf26461209-0.dft

HEAVY PHOTON SYSTEMS
MODULE 1-3 LOWER ASSY
ADAPTER PLATE
---

PF-264-612-09 0

PF-264-612-090

---

1
1

---

FOR QUOTATION ONLY

          12/20/2018

 .243 LB

In fabrication



�41

Clearance Checks


