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PROJECT SUMMARY

Overview:

The objective of this proposal is to build a small Direct Fiber Positioning System consisting of a4 x 4
array of fibers on a 5-mm grid, each fiber providing a 3.6-mm x 3.6-mm range of motion, with control
circuits consuming less than 20 mW per fiber, and accompanied by a monitoring camera viewing the
illuminated fiber tips in order to demonstrate a positioning precision of better than 10 um rms over the
course of an hour at both warm and cold temperatures, and in both the horizontal and vertical orientations.
If successful, the prototype will demonstrate the feasibility of constructing a much larger array for a large,
ground-based telescope, which would then collect the spectra of faint galaxies more quickly than existing
technology. Current fiber positioning systems are limited in the number and rate of image capture, thus
limiting the speed of discovery. Our fiber positioning system increases the number of objects captured per
exposure. In so doing, the instrument will advance the study of the expansion of the universe and the
possible role of dark energy in that expansion.

Key words: astrophysics, galaxy formation, fiber positioning, multi-object spectroscopy, faint galaxy,
spectroscope, red shift, dark energy, universe mapping, electrical engineering, large telescopes

Subtopic Name: SP11-Other Space Related Technologies

Intellectual Merit:

This Small Business Innovation Research Phase | project will demonstrate a fiber-positioning system that
will permit the construction of an astronomical spectrometer with ten times as many measurement fibers
as any existing spectrometer. This project's innovation is the change from a mechanically complex fiber
positioning system to an electronically complex system. Electronically intensive design lends itself more
easily to mass production, long operating life, and inexpensive manufacture. This design permits the
fibers to be closely packed and quickly repositioned. It could reduce by decades the amount of time
needed for astronomers to answer questions about the nature of dark matter and to come closer to
precision cosmology.

Technical challenges of the proposed project include reducing the power consumption of the fiber control
circuit, miniaturizing the fiber control circuit, and the development of algorithms to overcome hysteresis
and creep in the piezo-electric actuator tubes. Open Source Instruments has electrical engineering
expertise, three decades of experience in the design of precision metrology instruments, and the
manufacturing resources required to construct and test the proposed instrument. Furthermore, the
company will be collaborating with astronomers in academia to ensure that the details of the design are in
harmony with the requirements of a practical, large-scale spectrometer.

Broader Impacts:

Verification of our innovation through construction of a prototype will move Open Source Instruments
closer to convincing end users that the product works. The end users, who are astronomers and
astrophysicists, will be presented with an opportunity to dramatically expand their ability to collect the
spectra of distant galaxies and advance their understanding of the universe.

This Phase | grant will permit Open Source Instruments to offer a full-time position to a physicist
graduate at a time when few companies are hiring new staff. It will permit us to support domestic
manufacturers and our existing professional staff by offering more hours of paid work. If ultimately
successful, out project has the potential to bring millions of dollars into Massachusetts with which we
would hire technicians, engineers, other skilled labor.

Should we be successful in Phase |, we will invite partnership with MIT Lincoln Labs CCD foundry in
the construction of a prototype fiber-positioner and spectrum imaging system. We believe this CCD
foundry to be an important resource for the future of astrophysics experiments. This project, in its final
version, could provide important work for the foundry.

Finally, the project would provide a less expensive and more efficient research tool for projects often
funded by federal dollars through consortia. This fiber-positioning system could allow those consortia to
achieve more of their research goals with their available funding.
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Year Income
2010 | $27,693.03
2011 |$59,113.10
2012 $115,774.11
2013 |$198,716.52
2014 | $258,545.88
2015 $240,432.13
2016 |$339,879.00
2017 | $186,600.00
2018 |$250,460.00
2019 |$297,950.00
2020 | $189,420.00
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Mar1-Apr1 § Determine guide tube material
Mar 1-May 1 I Develop our low-power +250-V amplifier
May1-Junl Test piezo response to temperature

May 1 -Jun 1 BESSIIIN Drive piezoelectric tube with four £250-V Op-Amps
May1-Sep 1 I Develop Smm? footprint PCB with all control electronics
Sep 1-Nov 1 | Run 4x4 array with finalized control electronics
Nov1-Jan 1 N 10::m rms precision in placing and stabilizing fibers
Jan 1-Mar 1 I Create and develop calibration setup
Feb 1-Mar 1 MMM Calibrate 4x4 fiber array
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SUMMARY YEAR 1

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. |DURATION (months)
OPEN SOURCE INSTRUMENTS INC. Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
KevanS Hashemi
. P16 i i NSF Funde Funds Funds
B O eSO PP, S0 105 ety a0 Oy Seior Aot (BB T codBitey ki
1. KevanSHasiemii - Chief Engineer 6.00, 0.00, 0.00 60,000
2. James Bensinger - Physicist, Project Manager 1.00 0.00 0.00 14,000
3.
4.
5.
6.( 0) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.000 0.00 0
7.( 2)TOTAL SENIOR PERSONNEL (1 - 6) 7.000 0.00, 0.00 74,000
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL SCHOLARS 0.000 0.00 0.00 0
2.( 1) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 9.000 0.00 0.00 45,000
3.( 0) GRADUATE STUDENTS 0
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0)SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 1)OTHER 6,000
TOTAL SALARIES AND WAGES (A + B) 125,000
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 0
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 125,000

D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. U.S. POSSESSIONS) 0
2. INTERNATIONAL 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 43,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 0
TOTAL OTHER DIRECT COSTS 43,000
H. TOTAL DIRECT COSTS (A THROUGH G) 168,000
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
indirect cost rate (Rate: 40.0000, Base: 168000)
TOTAL INDIRECT COSTS (F&A) 67,200
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 235,200
K. FEE (FOR SBIR/STTR PROGRAMS: MAXIMUM ALLOWABLE FEE = 7% of J) 5,000
L. TOTAL COST AND FEE (J + K) 240,200
PI/PD NAME FOR NSF USE ONLY
KevanS Hashemi INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Kevan Hashemi

1*ELECTRONIC SIGNATURES REQUIRED ONLY FOR REVISED BUDGET



SUMMARY Cumulative

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. |DURATION (months)
OPEN SOURCE INSTRUMENTS INC. Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
KevanS Hashemi
. _PIB i i NSF Funde Funds Funds
A SENIOR PERSONNEL PIPD: S0 18 roculy wrd Orrseiorhsostes | (BB T codBitey ki
1. KevanSHasiemii - Chief Engineer 6.00, 0.00, 0.00 60,000
2. James Bensinger - Physicist, Project Manager 1.00 0.00 0.00 14,000
3.
4.
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.000 0.00 0.00 0
7.( 2)TOTAL SENIOR PERSONNEL (1 - 6) 7.000 0.00, 0.00 74,000
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL SCHOLARS 0.000 0.00 0.00 0
2.( 1) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 9.000 0.00 0.00 45,000
3.( 0) GRADUATE STUDENTS 0
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0)SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 1)OTHER 6,000
TOTAL SALARIES AND WAGES (A + B) 125,000
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 0
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 125,000

D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. U.S. POSSESSIONS) 0
2. INTERNATIONAL 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
( Q) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 43,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 0
TOTAL OTHER DIRECT COSTS 43,000
H. TOTAL DIRECT COSTS (A THROUGH G) 168,000
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A) 67,200
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 235,200
K. FEE (FOR SBIR/STTR PROGRAMS: MAXIMUM ALLOWABLE FEE = 7% of J) 5,000
L. TOTAL COST AND FEE (J + K) 240,200
PI/PD NAME FOR NSF USE ONLY
KevanS Hashemi INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Kevan Hashemi

C*ELECTRONIC SIGNATURES REQUIRED ONLY FOR REVISED BUDGET
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SHYLVHG 16) &855(17 $1' 3(1',1* 6833257 20%

3, FR 3, 6HQLR U BPanagRQBpmsDger

S5HTXLUHG ILHOGYV

1RWIH) KDV SURSUFGMBBRWRYDO DQG LQ NLQG FRQWULEXWLRQ HQV
SRSXODWH 30OHDVH OHDYH DQ\ XQXVHG HQWULHYV EODQN

SURMHFW 3URSRVDO 6HFWLRQ

&XUUHQW DQG 3HQGLQJ 6XSSRUW LQFOXGHVY DOO UHVRXUFHV PDG
VXSSRUW RI DQG RU UHODWHG WR DOO RI KLV KHU UHVHDUFK HIIR

KDYH PRQHWI)VRWOXMLRQ PXVW EH SURYLGHG DERXW DOO FXUUH
VXSSRUW LQFOXGLQJ WKLY SURMHFW I[IRU RQJRLQJ SURMHFWYV D

FRQVLGHUDWLRQ |URF2ZHDMNHSYHFUN VR UEFIHZKHWKHU VXFK VXSSRU
WKURXJK WKH SURSRVLQJ RUJDQL]DWLRQ RU LV SURYLGHG GLUH

VXEPLVVLRQ RI D SURSRVDO WR RWKHU RUJDQL]DWLRQV ZLOO QRV
GLVFGR&HG

3OHDVH HQWHU \RXU VXSSRUW HQWULHV VR WKH\ DUH JURXSHG W
6XSSRUW DQG DUH LQ WKH RUGHU RI &XUUHQW 3HQGLQJ 6XEPLV
6XSSRUW IURP WRS WR ERWWRP

> @ WKH WLPH FRPPLWPHQW RU GROODU YDOMKWYWIMORWWHDGLO\ DVFHUW
VKRXOG EH SURYLGHG

> pRU H[DPSOH )HGHUDO 6WDWH ORFDO IRUHLJQ SXEOLF RU SULYDWH
LQGXVWULDO RU RWKHU FRPPHUFLDO RUJDQL]IDWURGWRWVLQWHUQDO 1XQ
> ®KH %LRORJLFDO 6FLHQFHYVY 'LUHFWRUDWH H[FRERWEWEUNR WKLV SROLF)\

& 36 R



SURMHFWY 3URSRVDOV

SURMHFW 3UR glBaédddie, cLtrévity PtofessoBensingets retiredandhasno grantor
in-kind support.This documensubmittedperrequirementbutintentionally
left blank.

BWDWXV RI 6X3 S&UWDI QMQGLOBXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|3HUVRQ ORQW

!
H

5XSSRUW

) &RPPLWWH
\Y,

SBURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OOM@@WGEHU RI
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

SHUVRQ ORQWK V RU 3SDUWLDO 3HUVRQ ORQWKV 3HU <HD

<HDU <<<<| 3BHUVRQ ORQW|KVY <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv

&36 RI



SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

6WDWXV RI 6X0S&UWDIQMQGLOBEXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SBURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OOM@@WGEHU RI
3URSRVDO $ZD UMY DXRDHEWD HL |

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUwWLDO 3HUVRQ ORQWKYVY 3HU <HD
<HDU <<<<| 3BHUVRQ ORQW|KVY <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv

&36 RI



SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

6WDWXV RI 6X0S&UWDIQMQGLOBEXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SBURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OOM@@WGEHU RI
3URSRVDO $ZD UMY DXRDHEWD HL |

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUwWLDO 3HUVRQ ORQWKYVY 3HU <HD
<HDU <<<<| 3BHUVRQ ORQW|KVY <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv

&36 RI



SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

6WDWXV RI 6X0S&UWDIQMQGLOBEXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SBURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OOW@@WGEHU RI
3URSRVDO $ZD UMY DXRDHEWD HL |

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUwWLDO 3HUVRQ ORQWKYVY 3HU <HD
<HDU <<<< 3HUVROQ OROQOW|KV <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv

&36 RI



SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

6WDWXV RI 6X0S&UWDIQMQGLOBEXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<</ 3HUVRQ ORQWKV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SBURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OOM@@WGEHU RI
3URSRVDO $ZD UMY DXRDHEWD HL |

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUwWLDO 3HUVRQ ORQWKYVY 3HU <HD
<HDU <<<< 3HUVROQ OROQOW|KV <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv

&36 RI



SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

6WDWXV RI 6X0S&UWDIQMQGLOBEXEPLVVLRQ OOM@@WEH U R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO8RUWRWHQGLQIWBXEPLVVLRQ OQOOM@@WEHU RI
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

SURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUwWLDO 3HUVRQ ORQWKYVY 3HU <HD
<HDU <<<<| 3BHUVRQ ORQW|KVY <HDU <<<<|3HUVRQ ORQW

6 XSSRUW

J &RPPLWWH
Vv
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SURMHFWY 3URSRVDOV

SURMHFW 3URSRVDO 7LWOH

BWDWXV RI 66X S&UWOIQMQGLOBXEPLVVLRQ OUMP@WEHU R
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH RI 6XSSRUW

B3ULPDU\ 30DFH RI SBHUIRUPDQFH

URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH

BURMHFW 3URSRVDO (QG 'DWH 00 <<<< LI DYDLODEOH
7TRWDO $ZDUG $PRXQW LQFOXGLQJ ,QGLUHFW &RVWYV

3HUVRQ ORQWK V RU 3DUWLDO 3HUVRQ ORQWKY 3HU <HD
<HDU <<<<| 3HUVRQ ORQWKYV <HDU <<<<|{3HUVRQ O0RQW

5XSSRUW

) &RPPLWWH
\Y,

SURMHFW 3URSRVDO 7LWOH

BWDWXV RI 6XO&8RUWRWHQGLQIWBXEPLVVLRQ OOM@@WGEHU RI
3URSRVDO $ZDUG 1XPEHU LI DYDLODEOH

6RXUFH Rl 6XSSRUW

3ULPDU\ 30DFH RI 3HUIRUPDQFH

3URMHFW 3URSRVDO 6WDUW 'DWH 00 <<<< LI DYDLODEOH
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HARVARD COLLEGE OBSERVATORY
60 Garden Street, Cambridge, MA 02138-1516

November 23, 2020

To whom it may concern:

| write to support the development of novel technologies to address the problem
of dense, elcient, high-precision Pber positioning for high-multiplex astronomical
multi-Pber spectroscopy, as featured in the proposal OA Novel Dense Fiber Array for
Astronomical SpectroscopyO by Pl Kevan Hashemi from Open Source Instruments.

| am Daniel Eisenstein, Professor of Astronomy at Harvard University. | currently
serve as Chair of the Harvard Department of Astronomy. My main research focus
for the past twenty years has been the study of cosmological large-scale structure as
revealed by multi-object spectroscopy. | served as Director of the Sloan Digital Sky
Survey Il (2007D2014) and as co-Spokesperson of the Dark Energy Spectroscopic
Instrument collaboration (2014D2020), both fadies based aroundstate-of-the-art
multi-Pber spectroscopy.

E!cient multi-object spectroscopy requires a mechanism to select the desired
objects from the wide-Peld focal plane of the telescope. Current Pber positioning
systems work well, but are limited to relatively sparse samples, both in number and
spacing. A denser array of positioners (i.e., with smaller pitch) will be critical to
acquiring larger samples of faint galaxy spectroscopy: we cannot realistically make
the telescope focal planes much bigger, and current surveys already take 5 years to
complete. We need to increase the number of objects captured per exposure, so as to
make more e!cient use of the Peld of view provided by the telescopes.

With larger samples, extragalactic astronomers and cosmologists could acquire
precise distances to faint distant galaxies, constructing 3-dimensional maps of the
Universe and studying the evolution of galaxies. This is important for the study of
dark matter and dark energy as well as the physics of galaxy formation. Such surveys
have been given high priority in previous roadmaps for federally-funded astronomical
and high-energy physics research, and | anticipate that there will be ongoing commu-
nity support for such work. | also note that the largest survey facilities are typically
led by federal agencies, a robust technological solution for Pber positioning might lead
to instruments of smaller scope and lower cost that are often funded by the consortia



of universities, states, and research institutions that operate telescopes.

The proposers contacted me for information regarding future needs in astrophysics
instrumentation. My experience with large telescopes and the science drivers for next-
generation spectroscopic surveys can inform the direction of their work. The Pl and
his team may turn to me as a resource for information where their astronomy expertise
is limited.

Sincerely,
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Dr. Daniel Eisenstein
Professor of Astronomy
Chair, Department of Astronomy
Harvard University
deisenstein@cfa.harvard.edu
Phone: (617) 495-7530
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