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µ

Aspirational MICE Schedule now (~unchanged since march 2006) 

 

1 October 2007   
STEP I

December 2007

STEP III  

STEP II

STEP IV

STEP V

 Summer 2009

STEP VI

   2010

PHASE II

R&D

beam line + detector

commissionning 

starts August 2007!

 PHASE I

March 2008

3

         Early 2009 
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MICE Phase1
• Want 1st PID detectors installed & working when 

beam turns on (Aug. ’07):

4
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TOF0 TOF1

µ STEP I

CKOV KL

 1 October 2007   
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MICE Phase1
• Want 1st PID detectors installed & working when 

beam turns on (Aug. ’07):

• Want 1st tracker installed & working by Oct. ’07...

4

TOF0 TOF1

µ STEP I

CKOV KL

STEP II

 1 October 2007   

 December 2007   
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STEP III

March 2008

 

MICE Phase1
• Want 1st PID detectors installed & working when 

beam turns on (Aug. ’07):

• Want 1st tracker installed & working by Oct. ’07...

  ...and 2nd tracker a few months thereafter

4

TOF0 TOF1

µ STEP I

CKOV KL

STEP II

 1 October 2007   

 December 2007   
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STEP III

March 2008

 

MICE Phase1
• Want 1st PID detectors installed & working when 

beam turns on (Aug. ’07):

• Want 1st tracker installed & working by Oct. ’07...

  ...and 2nd tracker a few months thereafter

4

TOF0 TOF1

µ STEP I

CKOV KL
US Responsibilities

STEP II

 1 October 2007   

 December 2007   



U.S. MICED. M. Kaplan, IIT MuTAC Review, BNL, 18 Apr 07

• Concept:  Aerogel Cherenkov counters with radiators 
of 2 refractive indices distinguish ! from µ:

CKOV Design
L. Cremaldi & D. Summers, UMiss; G. Gregoire, UCL (ret.)
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Aerogel Counter

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,
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Aerogel Counter

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,

• Concept:  Aerogel Cherenkov counters with radiators 
of 2 refractive indices distinguish ! from µ:

CKOV Design
L. Cremaldi & D. Summers, UMiss; G. Gregoire, UCL (ret.)

Cherenkov 1:

• CKOV1 in tricky momentum range:

– 200 <~  p! <~  300 MeV/c

– has increased with time as beamline and TOF designs have settled:

    p! = pnom + !ETOF0 + !Ediffuser + 0.5 !Eabsorber ,

    where pnom = { 140 | 200 | 240 } MeV/c

• 2 solutions under consideration:
(L. Cremaldi, D. Summers, UMiss &
 G. Gregoire, U. Louvain)

– RICH / DISC counter

o  requires ~100 PMTs

– aerogel-combination threshold
counters w/ high-density aerogel

o  requires R&D on high-index
    aerogel (n = 1.07, 1.12)

Cherenkov 1:

• CKOV1 in tricky momentum range:

– 200 <~  p! <~  300 MeV/c

– has increased with time as beamline and TOF designs have settled:

    p! = pnom + !ETOF0 + !Ediffuser + 0.5 !Eabsorber ,

    where pnom = { 140 | 200 | 240 } MeV/c

• 2 solutions under consideration:
(L. Cremaldi, D. Summers, UMiss &
 G. Gregoire, U. Louvain)

– RICH / DISC counter

o  requires ~100 PMTs

– aerogel-combination threshold
counters w/ high-density aerogel

o  requires R&D on high-index
    aerogel (n = 1.07, 1.12)

n1 = 1.07

n2 = 1.12

5
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of 2 refractive indices distinguish ! from µ:
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(L. Cremaldi, D. Summers, UMiss &
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17

Aerogel Aerogel CounterCounterDesign (1)Design (1)

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,

conical
mirrors
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CKOV Design Tests
! Aerogel sample tests at UMiss:

9

Matsushita Matsushita Aerogel Aerogel Samples(1)Samples(1)

n=1.03 n=1.07(1.08) n=1.12

115 x 115 x 10.5 mm3 115 x 115 x 11.5 mm3 115 x 115 x 11.5 mm3

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,
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Cosmic TestsCosmic Tests

7pe

17pe

22pe

1pe

ped

! Cosmic-ray tests at UMiss:

(shown at last 
MuTAC)
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  Test Beam(1)Test Beam(1)

•Fermilab Meson Test July'06
•Beam 120 GeV p  (!=1)
•Aerogel 1.03, 1.07, 1.12

120 GeV/c p

2.3cm
aerogel

Tyvek

Rotating Table
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CKOV Design Tests
! Aerogel sample tests at UMiss:

9

Matsushita Matsushita Aerogel Aerogel Samples(1)Samples(1)

n=1.03 n=1.07(1.08) n=1.12
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! FNAL beam test: 

12

Cosmic TestsCosmic Tests

7pe

17pe

22pe

1pe
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! Cosmic-ray tests at UMiss:

(shown at last 
MuTAC)
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CKOV Design Tests
! FNAL beam test results: 

7

15

  Test Beam(2)Test Beam(2)

20 PE  (70%Eff)

24 PE  (60%Eff)

107  ADC counts

112  ADC counts

•Global Collection Efficiency very good.
•Based on Npe=90sin2(!) L

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,

•Measurements taken at beta=1.
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CKOV Design Tests
! FNAL beam test results: 
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  Test Beam(2)Test Beam(2)

20 PE  (70%Eff)

24 PE  (60%Eff)

107  ADC counts

112  ADC counts

•Global Collection Efficiency very good.
•Based on Npe=90sin2(!) L

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,

 Conclusions:

• Little true absorption at 2.3 cm 
thickness

" dominated by scattering

• ~1/2 PE easily visible for threshold 
counting

•Measurements taken at beta=1.
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CKOV Design Tests

! Successful design review held Oct. 13, ’06 at RAL

! FNAL beam test results: 

7

15

  Test Beam(2)Test Beam(2)

20 PE  (70%Eff)

24 PE  (60%Eff)

107  ADC counts

112  ADC counts

•Global Collection Efficiency very good.
•Based on Npe=90sin2(!) L

 Lucien Cremaldi*, MICE Collaboration MeetingPID Review  Oct 13, RAL.,

 Conclusions:

• Little true absorption at 2.3 cm 
thickness

" dominated by scattering

• ~1/2 PE easily visible for threshold 
counting

•Measurements taken at beta=1.
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CKOV Status
• Dwgs. done (UCL/Umiss):

8
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. . .

CKOV Status
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. . .

CKOV Status

• Aerogel ordered (IIT): 

52 pcs. ea of Matsushita hydrophobic 
Silica Aerogel:

HY-80, n = 1.07
HY-12, n = 1.12

- suff. for 4 x 4 array, 3 layers thick 
(1 cm ea) in each detector
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. . .

CKOV Status

• Aerogel ordered (IIT): 

52 pcs. ea of Matsushita hydrophobic 
Silica Aerogel:

HY-80, n = 1.07
HY-12, n = 1.12

- suff. for 4 x 4 array, 3 layers thick 
(1 cm ea) in each detector
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• Machining starting at

- IIT (PMT housings)

- Iowa (radiator box)

- UMiss (aerogel containers & 
mirrors)

• PMT-base mods in progress 
(FNAL)
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• Dwgs. done (UCL/Umiss):
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• Machining starting at

- IIT (PMT housings)

- Iowa (radiator box)

- UMiss (aerogel containers & 
mirrors)

• PMT-base mods in progress 
(FNAL)

!On schedule for 7/07 delivery
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Spectrometer Solenoids
LBNL, IIT

• At last year’s MuTAC Review, designs (M. Green, S. 
Virostek, LBNL) were !complete & SC was on order

Spectrometer Solenoid(s)

• Superconductor ordered (LBNL/IIT), fab in progress for April delivery

• Solenoid spec / bid pkg in prep @ LBNL/Oxford (mid-March goal)

• Will order 2 solenoids

– but, depending on bid price & available funds, may need to delay completion of 2nd

• Anticipate few-month bid/ordering process, delivery ~1 y a.r.o.

     !on track for Fall ’07 installation @ RAL

– starting to develop plan for mapping field:

o  Ziptrack @ FNAL?

o  CMS mapper @ CERN?
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LBNL, IIT

• At last year’s MuTAC Review, designs (M. Green, S. 
Virostek, LBNL) were !complete & SC was on order

Spectrometer Solenoid(s)

• Superconductor ordered (LBNL/IIT), fab in progress for April delivery

• Solenoid spec / bid pkg in prep @ LBNL/Oxford (mid-March goal)

• Will order 2 solenoids

– but, depending on bid price & available funds, may need to delay completion of 2nd

• Anticipate few-month bid/ordering process, delivery ~1 y a.r.o.

     !on track for Fall ’07 installation @ RAL

– starting to develop plan for mapping field:

o  Ziptrack @ FNAL?

o  CMS mapper @ CERN?

• Solenoid ass’y now in progress at Wang NMR 
(Livermore, CA)

• 4 cryocoolers purchased & delivered to Wang
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Spectrometer Solenoids
LBNL, IIT

• At last year’s MuTAC Review, designs (M. Green, S. 
Virostek, LBNL) were !complete & SC was on order

Spectrometer Solenoid(s)

• Superconductor ordered (LBNL/IIT), fab in progress for April delivery

• Solenoid spec / bid pkg in prep @ LBNL/Oxford (mid-March goal)

• Will order 2 solenoids

– but, depending on bid price & available funds, may need to delay completion of 2nd

• Anticipate few-month bid/ordering process, delivery ~1 y a.r.o.

     !on track for Fall ’07 installation @ RAL

– starting to develop plan for mapping field:

o  Ziptrack @ FNAL?

o  CMS mapper @ CERN?

• Solenoid ass’y now in progress at Wang NMR 
(Livermore, CA)

• 4 cryocoolers purchased & delivered to Wang

• P/S spec out, supplies to be ordered soon
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Assembly Progress
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Assembly ProgressStatus & Installation of the Spectrometer Solenoids Page 11

Steve Virostek   - - -   Lawrence Berkeley National Laboratory

First Completed Coil Winding Form

Status & Installation of the Spectrometer Solenoids Page 12

Steve Virostek   - - -   Lawrence Berkeley National Laboratory

First Completed Coil Winding Form• Mandrels built
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First Completed Coil Winding Form

Status & Installation of the Spectrometer Solenoids Page 12

Steve Virostek   - - -   Lawrence Berkeley National Laboratory

First Completed Coil Winding Form

2S. Virostek - LBNL

Winding of one of the middle layers of the spectrometer solenoid center coil

3/28/07

• Mandrels built

& passed vacuum tests • Winding of 1st-solenoid main coil nearly 
done as of 1 week ago
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4S. Virostek - LBNL
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Winding of one of the middle layers of the spectrometer solenoid center coil

3/28/07

• Mandrels built

& passed vacuum tests • Winding of 1st-solenoid main coil nearly 
done as of 1 week ago
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- also HTS leads 

3S. Virostek - LBNL

Completed fiberglass 300K to 60K cold mass support bands

3/28/07

4S. Virostek - LBNL

Completed G-10 coil side insulation for both spectrometer solenoid magnets
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Spect. Solenoid Schedule

• Will ship 1st to FNAL for field mapping, then to RAL
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STEP III

March 2008

 

MICE Phase1
• Want 1st PID detectors installed & working when 

beam turns on (Aug. ’07):

• Want 1st tracker installed & working by Oct. ’07...

  ...and 2nd tracker a few months thereafter
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SciFi Trackers
UK / US / Japan

• Will sit inside solenoids, reconstruct helical muon tracks

Tracker Summary

Alan Bross

MICE CM17

CERN

February 25, 2007

Scintillating fibre tracker

• The scintillating fibre tracker reconstructs muon tracks before and after the
MICE cooling section in 4 T magnetic field to measure the relative change in
emmitance of the muon beam

• The tracker consists of five planar scintillating-fibre stations

• Each station is composed of three planes of scintillating fibres laid out with
120 degrees radial spacing

• Each fibre plane is comprised of a ‘doublet-layer’ in which the fibres in the
first layer of the doublet are interleaved with those in the second
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• Will sit inside solenoids, reconstruct helical muon tracks

Tracker Summary
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MICE CM17

CERN

February 25, 2007

Scintillating fibre tracker

• The scintillating fibre tracker reconstructs muon tracks before and after the
MICE cooling section in 4 T magnetic field to measure the relative change in
emmitance of the muon beam

• The tracker consists of five planar scintillating-fibre stations

• Each station is composed of three planes of scintillating fibres laid out with
120 degrees radial spacing

• Each fibre plane is comprised of a ‘doublet-layer’ in which the fibres in the
first layer of the doublet are interleaved with those in the second

• Fiber-end mirroring complete (FNAL)

Production Status

• Fiber Mirroring Is COMPLETE

• Mean R = 75%  RMS=4%
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SciFi Trackers
UK / US / Japan

• Will sit inside solenoids, reconstruct helical muon tracks
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• Each fibre plane is comprised of a ‘doublet-layer’ in which the fibres in the
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• Fiber-end mirroring complete (FNAL)
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Station 5

! Test with cosmic
ray

! Polish with new
diamond fly cutter

! Measure uniformity
of height (z) of
station

Station 5 Testing Proposal

• Options were discussed at the recent tracker workshop.

• Solution chosen is:
! Waveguides and Station 5 will be shipped to Fermilab.

! Cosmic ray test rig will be setup at Fermilab using D1 and D2
from KEK test (currently being tested with some PMTs from
Imperial at RAL).

! Once cassette will be used on whatever cryostat is available at
the time at D0 to readout and the DAQ spreadsheet already
used to start cassette charcaterisation will be used.

• Once sufficient hardware exists for operating two parallel
systems (including UK vs US power) one system will be sent to
Imperial and will be used there (after Station 5 test).

• Station 5 built (UK, US, Osaka)
& under cosmic test at FNAL
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SciFi Trackers
UK / US / Japan

• Will sit inside solenoids, reconstruct helical muon tracks

Tracker Summary

Alan Bross

MICE CM17

CERN

February 25, 2007

Scintillating fibre tracker
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• Station construction now up to Station 11 (ICL)

• Fermilab techs participating @ ICL
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SciFi Trackers
UK / US / Japan

• Station construction now up to Station 11 (ICL)
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Tracker DAQ 

IIT / FNAL / RAL

• Uses AFE-IIt boards designed & built for D0 upgrade

Cryo

• Production cryostats:
! All parts in house

" Except for Oxford controllers
– Due Mid-March

! First Production Cryostat Complete and under test
" Uses cassettes 107 and 111

! Unfortunately there are some issues with Cryostat #1
" More in bit

• We are having some “issues” with US vs. UK voltage
! Cryostat lid heater control circuitry was not UK compatible

! We now have the proper electronics in hand for all Production
cryostats

" #1 already fitted

" Prototype cryostat will have to be retro-fitted before it is shipped to
IC

• Production Cryostat #1

- Tested last summer by 
IIT summer students
(shown: M. Wojcik)

- Require new firmware 
for MICE now under 
devl. by IIT/FNAL/RAL 
team

- Use VLPC photo-
detectors at 9 K
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KEK Test Beam - Track Reconstruction

• Assuming “Uniform B-Field” and “NO scattering”

• Chi2 to be minimized

– Input: xi, yi  (i=1,4)

– Output: x0, y0, p0, R, L

– Degree of freedom: 8-5=3

x0, y0

!0

#4

#3 #2

#1

R

- Firmware design progress 
(T. Hart & W. Luebke,
IIT, K. Bowie
& P. Rubinov,
FNAL):

- 1st MICE VLPC cryostat 
(R. Rucinski et al., FNAL)

- Now working stably with 
sufft. margin for UK 50 
Hz AC

15
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• Beamline layout & critical path:

 

11/03/2006 6:27 PM 07.04.doc draft 

 

Table7.4-1: Driving consideration for the beam line design. 
Consideration Design 

Muon purity Pion/Muon momentum separation should be as large 

as possible. 

Pion focus before Q4. 

Polyethylene absorber in beam line to remove 

protons. 

Q9 saturation Q9 End to End Coil minimum separation 1.2169m. 

Upstream detector shielding assumed. 

TOF/PID discrimination TOF0 to TOF1 minimum separation of 6.94m. 

Intra-quadrupole spacing minimum 0.15 m for TOF 

stations. 

7.4.3 Physical Layout and Beam Line Geometry 

The proposed beam line is shown in its location in the synchrotron vault and Hall 5.2, in Figure  7.4-2. 

Details of the layout and parameters of the current design are given in the Table 7.4-2. This design is 

for a configuration supplying a matched muon beam of normalised emittance !n,y=5.9 " mm rad, at 206 

MeV/c.  

 

 
 

Figure  7.4-2: Layout of the Beamline on ISIS 

 

Details of the layout and parameters of the above setting are given in Table 7.4-2. 

paul drumm – CM14 – Feb/March 2006: 3

Schedule Phase 1

• MICE Gantt chart are available on the web

• Critical path

 

Beamline Design

• Primarily a RAL responsibility

• T. Roberts developed 
(at IIT) G4beamline code 
for the purpose and continues to participate (now at 
Muons, Inc.), assisted by IIT postdoc D. Huang

• G4beamline consistently reports substantially larger 
emittances than Turtle (used by RAL)

• We believe G4beamline since Turtle neglects fringe fields

• Discrepancy under study by UK groups

• Meanwhile, installation underway since ISIS now in shutdown

• Design passed 6/12/06 external review
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Beamline Design

(mm.rad)
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

17

Beamline Design
MICE beam-line study (cont.)

• In order to obtain good match of betatron functions

before the muon beam goes into the cooling channel,

there are some requirements of emittance and

momentum of the muon beam before tracker 1:
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

- now have preliminary tunes for
6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

- now have preliminary tunes for
6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c

• TOF0 is the major source of beam loss in the muon 
channel & prevents achieving emittances < !4! mm-rad
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

- now have preliminary tunes for
6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c

• TOF0 is the major source of beam loss in the muon 
channel & prevents achieving emittances < !4! mm-rad

• Need to evaluate low-emittance running implications:
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

- now have preliminary tunes for
6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c

• TOF0 is the major source of beam loss in the muon 
channel & prevents achieving emittances < !4! mm-rad

• Need to evaluate low-emittance running implications:

- move TOF0 to low-# point? (⇒high rates/channel)

17

Beamline Design
MICE beam-line study (cont.)

• In order to obtain good match of betatron functions

before the muon beam goes into the cooling channel,

there are some requirements of emittance and

momentum of the muon beam before tracker 1:

?

?

?

10

?

?

?

1(mm.mrad)

?

?

?

6

240

200

140 (MeV)

!p"

! !

(mm.rad)



U.S. MICED. M. Kaplan, IIT MuTAC Review, BNL, 18 Apr 07

• Need to fill in matrix of running conditions by devising 
beamline tune for each
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6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c

• TOF0 is the major source of beam loss in the muon 
channel & prevents achieving emittances < !4! mm-rad

• Need to evaluate low-emittance running implications:

- move TOF0 to low-# point? (⇒high rates/channel)

- collimate? run longer, select subset offline? studies ongoing
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• Need to fill in matrix of running conditions by devising 
beamline tune for each

- now have preliminary tunes for
6! and 10! mm-rad emittances
(G4BL) at 200 MeV/c

• TOF0 is the major source of beam loss in the muon 
channel & prevents achieving emittances < !4! mm-rad

• Need to evaluate low-emittance running implications:

- move TOF0 to low-# point? (⇒high rates/channel)

- collimate? run longer, select subset offline? studies ongoing

• Installation on track for " Aug. 1 commissioning
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Design of Al Window

                                                                                        R1=140.0mm

                                                                                        R2=142.2mm

                                                                                        R3=95.36mm

                                                                                        R4=102.1mm

                                                                                     Win Dia.=210mm

Probe Setup

• Absorbers have thin, custom windows 
designed by W. Lau (U. Oxford) & E. Black (IIT) 

18

• Challenging to certify that as-built windows 
meet specs

• FNAL & IIT exploring acceptance test using 
CMM with microforce probe

• Measurements reproduce:

CMM Touch Probe

Specs:

Trigger Force < 10 mg ~ 0.1 mN

Measuring Error ~ 1 !m

Mounted on an table with

  a robotic arm.

Measurement in a

!"Create a coordinate system using spheres
attached to the window

#"Measure points on the concave side and
convex side

$"Take the difference in the measurements to
find the thickness

Ewa Skup and Mike Roman at Fermilab are
conducting the measurements

So we can expect to get something like…

• Absorber Window progress:

Window 1 
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Phase II Progress

• Coupling Coil

- LBNL has pursued successful negotiations with the Institute 
for Cryogenic and Superconductivity Technology of the 
Harbin Institute of Technology, Harbin, PR China

- ICST has joined MICE Collaboration

- they have requested funds from HIT

- expect to learn soon whether request is successful

19
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• Coupling Coil Update (as of 4/12/07):

-  ICST is in the process of incorporating and analyzing coil 
design changes: longer coil, cooling tube scheme

-  Final detailed design of the coupling coil will take place at 
ICST during the next 4 weeks

-  Mike Green (LBNL) is currently at ICST until next week 
to assist with design process

-  Coupling coil design review to take place at ICST from 
May 16th through 19th 

-  LBNL and MICE Collaboration representatives will attend 
the design review

20

Phase II Progress
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MICE Software
• G4MICE:  M. Ellis (FNAL) is MICE Software 

Coordinator, M.#Wojcik (IIT) helping with testing

- used for extensive studies of tracker test beam results & reconstruction

- also for PID simulation and reconstruction

• Development work ongoing:

1. About to release first draft of specs for the Online DB

2. About to release “final version” (release 1.9) of G4MICE for use 
in tracker station-spacing studies and GRID jobs

3. Making progress on PID simulations and reconstruction (thanks 
to Sofia & Geneva groups)

4. G4MICE now being used by the MANX experiment proto-
collaboration for design studies

21
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MICE Software
• Y. Torun (IIT) was MICE Analysis Forum Convener last year

• Organized the study of a long list of important issues:

• Torun now joint Asst. Prof. starting SC cavity R&D pgm at Fermilab

- J. Cobb (Oxford) has taken over Analysis Forum
22

- Time of flight measurements and 

relation to!trigger!

- Algorithm for rf voltage calibration!

- Effects of collimation, scraping in 

beamline!

- Downstream geometry (sizes of 

TOF2, EMCal,!shields)!

- Rf-induced background in TOF (and 

with!different optics)!

- Global PID performance (up/

downstream) in!different optics/

momentum!

- Beam envelope interference 

with!spectrometer cryostat!

- Effect of variations in window 

shape,!absorber density, etc.!

- Scraping/beam envelope/

acceptance through!cooling 

channel and detectors!

- Weighting/virtual beam!

- Performance indicators 

(transmission,!emittance, phase 

space density,...)

- Run plan!
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D. M. Kaplan
MICE: The International Muon Ionization Cooling 
Experiment

COOL05 Proceedings 2006

Y. Torun Muon Cooling: MuCool and MICE NuFact05 Proceedings 2006

A. Blondel and P. Drumm Progress and Status of the MICE Project EPAC06 Proceedings 2006

M. A. Green, S. P.  Virostek, 
W. Lau, S. Q. Yang

Progress on the MICE Tracker Solenoid EPAC06 Proceedings 2006

C. Rogers, R. Sandstrom Simulation of MICE Using G4MICE EPAC06 Proceedings 2006

D. E. Baynham et al. The Cooling of a Liquid Absorber Using a Small Cooler Adv. in Cryogenic Engineering 2006

M. Bonesini The MICE Detector Instrumentation NuFact05 Proceedings 2006

C. Booth, L. Howlett, P. Smith, 
N. Schofield

The Target Drive for the MICE Experiment EPAC06 Proceedings 2006

• All except the last have important US contributions
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Summary

• Much progress 

• Deadlines growing more serious 

• Manpower a bit thin 

• Continuing to attract new collaborators and 
seek add’l funds 

• Things are getting exciting!
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