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1.5 Cost Construction

Construction

'"frastructure s°'e"°'°' WBS  System FYO09$k
seanine._ Direct
1.5.1 Solenoid 1231
e 152 Detectors 12217
1.5.3 Computing 2954
Hectenes 1.54 Electronics 6210
Calpitng 1.5.5 Beamline 3086
16.0% 1.5.6 Infrastructure 3429
15  Total 29127

Hall D construction: 167 of total
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Hall D Cost Delta

FY09%$K Direct

IPR 2008 IPR 2009
WBS Hall D Costbook * Costbook ** Delta Reasons for Changes
1.5.1 Solenoid 902 1,232 331 magnet controls added
1.5.2. Detectors 11,862 12,217 354Scintillating Fibers (-$111k)
1.5.3. Computing 2,954 2,954 0
154.  Electronics 6,211 6,210 ol procurement drawings
1.55. Beamline 2,900 3,086 186
1.5.6. Infrastructure 2,622 3,429 806 Work Coordinator
1.5. Total 27,451 29,127 1,676 Manpower plan revised

* |PR 2008 Costbook, dated June 30, 2008

** PR 2009 Costbook, dated June 30, 2009

Contract Awards since June 30, 2009:
+ $148k University of Regina-BCal Fab (CR09-043)
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Hall D Introduction

- Mission:
> Search for gluonic excitations in the spectra of light
mesons (predicted in QCD)
] Scope - new beamline and experimental hall:
> Tagged photon beam, linearly polarized at ~ 9 GeV
> Detector:
* nearly hermetic for charged particles / photons
« good momentum/energy resolution
- pipeline readout electronics, high DAQ rate ~ 200kHz
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Physics: QCD

[ Concept of color flux tube is supported by LQCD
LQCD

Flux

tube

forms

between

Vi (riGeV

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
rifm

Explanation of confinement
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Physics: Flux Tube Signature

ground-state ‘ excited flux-tube
‘ flux-tube m=1

m=0 f

Lowest
‘ —— ‘ 1-+’ 1+-
Conventional mesons Hybrid mesons
Regular gquantum numbers
O+:nn,K 17 :p,0,K 1+ 1"
1+:h,,b;,K; O0*:a,f,,K,

Exotic guantum numbers
1+ 2+ O+
Hybrid mass spectrum — QCD probe
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Search for QCD Exotics-Hybrid Mesons

ofoproduction

Y 7‘1@'1,1 b, h2® b@fo
X 1-* 2+ 0+

p n,p n, — ahnr — (p°nt)(n) — nrr e
Exotics vs regular: hy — bo,m° — (@TO)Yy — T T YYYYYY
np: & 1% h’, - K"K~ — p°K* K~ — n*rn"K*K"
p: & 10%

, Multiparticle final states:
Y can be linearly

polarized! nt KEyp n K,
helps to identify the
quantum numbers
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A Detector for Spectroscopy

@ Requirements:

N Experimental Program: light meson spectroscopy

# photon beam of ~ 9 GeV/c, linearly polarized
— sensitivity to masses < 2.5 6GeV/c
— sweet spot for high luminosity and polarization
— linear polarization — access to parity

# Detector requirements:

— nearly hermetic detector for charge particles and photons
— medium resolution: momentum (~ 1-4%), energy (2-20%)
— identification of charged particles and 7°
— high luminosity - high rate DAQ
® Design solutions
@ Solenoidal magnet
@ Drift chambers, electromagnetic calorimeters, TOF
s, @ Pipeline front-end electronics and DAQ
- f\ -N -@A- Thomas Jefferson National Accelerator Facility e’ &), Office of
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Photon beam and experimental area

= Counting

Radigtor = Coherent Bremsstrahlung | B House
Top Vi photon beam Pair { JE Photon
op View X Slpec'rr-omefér-f-- .' Beam dump

=

‘““3 s%- @

Based detector =i

—

‘Tagger' Ar'ea‘ ‘Collima‘ror Cave Experimental
Hall D
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GeV

Photons, dN/dE,

10'°

Linearly Polarized Photon Beam

0.15<E< 12.0 GeV 8.40<E< 9.0 GeV (a) ]

Beam: 1523. MHz Beam: 102. MHz _E

~—— Tagger: 253. MHz .
TT— __ Tagger rate

vy

-
— ] B_ean? rate " $5g

:I'-‘

%]
o
(1]
(L= .

12 GeV electron beam
diamond radiator 20 ym accurately aligned
coherent Bremsstrahlung: 8.4 - 9 GeV at <25 yrad
collimation d=3.5mm at 75m, peak area:
= 40% linear polarization
= 100 MHz photons at 2.2 pA
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GlueX/Hall D Detector

GlueX/Hall D Detector

BCAL - barrel calorimeter
FCAL- forward calorimeter |

|
|

CDC - central drift chamber
FDC - forward drift chambers

TOF - time-of-flight

Office of
Science
IPR September 22_24, 2009 U.S. DEPARTMENT OF ENERGY

B Thomas Jefferson National Accelerator Facility I




Reviews

2008 IPR - no open recommendations

Title of the review Total | Open

2004 Oct
2006 Jan
2007 Mar
2008 Feb
2008 Feb
2008 Mar
2008 May
2008 July
2008 Oct
2009 Feb
2009 July
2009 July

Oi(.‘ce of Nuclear Ph,,..
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JLab
JLab
JLab
Hall D
JLab
JLab
JLab
DOE
JLab
JLab
Hall D
Hall D

Hall D Detector

Hall D Tagging spectrometer
Hall B/D Drift Chambers
Hall D FDC mini

Hall D Calorimeter

Hall D Drift Chamber and PID
Hall B/D Systems

IPR Lehman review

Hall D Beamline and Tagger
Hall D Installation

Hall D Tagging Magnet

Hall D BCAL Readout

IPR September 22-24, 2009
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Beamline Elements

Top View

Coherent Bremsstrahlung

photonﬁam
\/\

75 m \_
|
t'_ﬁ i

J Tagger: measure momenta of radiated electrons: oE(y) ~ 0.1%
> Dipole magnet: 6m x 1.5T, 12 GeV bend 13.5°, FY11-12
> Fixed 140 counters + PMTs, 3-11.6 GeV, FADC+TDC, FY12
> Movable 124 counters + SiPMs, 8.4-9 GeV, FY12

0 Diamond radiator: 20 ym thick, FY11-12

0 Pair spectrometer: measure E, after the collimator
> Magnet 6x30x70" from BNL, FY11-12
» Hodoscope 40 counters with PMTs, FY12

0 Miscellaneous: collimators, beam diagnostics, FY12
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Reviews of the Beamline Components

] Beamline and Tagger final design review, Oct 2008:
> Findings:
- 2 tagger magnets replaced by 1 magnet - endorsed
* Pair Spectrometer concept - validated
> Recommendations: none

0 Tagger magnet, Hall D convened review, July 2009:

> Charge:
- evaluate the specifications
* recommend on procurement (build-to-print or performance)
- evaluate the ES&H considerations

> Recommendations (9 in total):
- improve the magnetic field specification - /n progress
- update mechanical requirements - /in progress
- consider calibration with particles
- finish the drawing package on-site
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Tagger Magnet: Response to the review

Recent Optimization

* the width of the poles (400mm—340mm)

« 20% lighter magnet (80t — 64t)

* shorter focal plane

* loss in energy resolution (0.02%—0.1%)
= uniformity of the gap (0.2mm—1.0mm)

- ease of fabrication

- mechanical measurements required
More details on the design: next talk by Tim Whitlatch
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Diamond Radiator

Rocking curves
Vibration of the holder

d CVD 4x4x0.4 mm3 diamond - OKI

[ Test at CHESS 2009: holder's vibration
* redesign the holder (no wires/more wires) n : ; ]
* Michelson interferometer for checking N 0=60pr
the holder stability and diamond shape ~ IT '\‘; '| E
O Heat load is being analyzed (holder design) 2 05| | | spec:
[ Diamond thinning by ablation: £ : . 20pr |
- 248 nm excimer laser at UConn - ' *'.
not used for 10 years - testing needed 02 I loo'.l ol ]
Interferometer ~ Excimer laser S aerry P m}mm_s 06
s ‘ ; rocking angle (mrad)
Vibration fixed
. 0=10ur
£ 5100 pr
375.‘1.-- 375.11:;0(:king ?;Z.IZ (mra:j)375.25"===%=75.3
Office of-

Procurement of diamonds: FY11
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Major Detectors Subsystems

@® Solenoidal magnet: ID=200cm, B=2 T, L=400cm FY09-12

O The magnet from LASS - is being refurbished (operations)
[ New field configuration - optimization of the yoke elements

@ Central Drift Chambers (CDC) FY09-12

 Barrel L=150cm, 28 layers of straw tubes
3 Resolution ~0.15mm, dE/dx

® Forward drift chambers (FDC) FY10-12

4 units x6 planes, readout: anode drift, cathode amplitude
 Resolution ~0.20mm, spatial points in each plane

® Barrel Calorimeter (BCAL) FY09-12
O "SPACAL" 48 modules 4m long, readout from both sides

® Forward Calorimeter (FCAL) FY10-12
1 2800 lead glass blocks 4cm x 4cm

® TOF - 88 plastic scintillators x 2 PMT FY12

oﬁ
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Major Detectors Subsystems

@® Solenoidal magnet: ID=200cm, B=2 T, L=400cm FY09-12

O The magnet from LASS - is being refurbished (operations)
[ New field configuration - optimization of the yoke elements

@ Central Drift Chambers (CDC) FY09-12

 Barrel L=150cm, 28 layers of straw tubes
O Resolution ~0.15mm, dE/dx

® Forward drift chambers (FDC) FY10-12
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® Forward Calorimeter (FCAL) FY10-12
1 2800 lead glass blocks 4cm x 4cm

® TOF - 88 plastic scintillators x 2 PMT FY12
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Major Detectors Subsystems

@® Solenoidal magnet: ID=200cm, B=2 T, L=400cm FY09-12

O The magnet from LASS - is being refurbished (operations)
[ New field configuration - optimization of the yoke elements

@ Central Drift Chambers (CDC) FY09-12

 Barrel L=150cm, 28 layers of straw tubes
3 Resolution ~0.15mm, dE/dx
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Major Detectors Subsystems

@® Solenoidal magnet: ID=200cm, B=2 T, L=400cm FY09-12

O The magnet from LASS - is being refurbished (operations)
[ New field configuration - optimization of the yoke elements

@ Central Drift Chambers (CDC) FY09-12

 Barrel L=150cm, 28 layers of straw tubes
3 Resolution ~0.15mm, dE/dx

® Forward drift chambers (FDC) FY10-12
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Solenoid

4 separate coils

baffles
Coil refurbishing on BIA (operations)

* Coil 1 (Jlab) : short fixed, the coil is reassembled
* Coil 3 (IUCF) : new LN2 shield is being installed
* Coil/yoke configuration modified - reevaluation of the forces
Minimizing the forces and mitigation of potential problems:
> coils 1 and 2 are swapped
> steel baffles added to the yoke
> reinforcement of coil 2 is being evaluated
* Equipment for the controls is being purchased (12 GeV CRO9-27)
* Preparations for individual coil testing in FY10
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Reviews of Tracking Detectors
O FDC technology review, Feb 2008:

> Endorsed:
* wire & cathode readout
* the design level of details
> Concerns (no official recommendations):
- importance of building a full-scale prototype
- construction prototype is being built
* transition from PED to construction
- detailed documentation in progress

Q Drift chambers and PID, Mar 2008:
> Findings:
 the design meets the physics requirements
* the fabrication plans are realistic (manpower a concern)
* kaon identification will require a Cherenkov detector
> Advice (no official recommendations):
« continue pre-production testing - /n progress (CRO9-27),
* pay attention to coordination and integration
e, ~ @ddressed in the Installation Review
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Tracking: Forward Drift Chamber

Forward Drift Chamber .
Angular Coverage: 1° - 30° Connecting
Gas Mixture: 40:60 Ar/CO, .
Readout: wire timing,

cathode strips amplitudes
- combining projections
Resolution: 200 pum

4 packages

Status:
small scale prototype has been tested
construction prototype underway
(added by CR09-27)
MC: no staggering needed

(would have changed the design)

Quter skin - _
Design review 2007 recommendation: Assy tooling
reduce material (closed March 2008)
Final design of the frames:
a sandwich of 2 610 skins and rohacell foam
cathode: Cu 5uym—2um on 25 um Kapton
1 package: 6 planes, active area 0.5%—0.3% RL
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Tracking: Forward Drift Chamber

Forward Drift Chamber . 4 packages
Angular Coverage: 1° - 30° Connecting
Gas Mixture: 40:60 Ar/CO, fubes\
Readout: wire timing, A

@ Setup:
®» cathode strip chamber

Resolutiot % 4 packages each 24 planes:

Status: ground- cathode-wire-spacer-cathode

small scal % 96 sense + 97 field wires & 216 cathode strips/plane
construct % total: 12672 channels

» wires; u-v strips +/- 75° to wires
% diameter: 1.2m
@ Readout / Electronics:
Design re\ ®» Preamp. boards based on ASIC
| ®» cathodes: 125 MHz FADCs (72 ch) > 144 modules
Final des » anodes: 125ps F1-TDC (48 ch) > 48 modules
a sandwic @ HV
% 384 channels
@ main procurements in FY10-11
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* 4 planes of full scale
= cathodes: Cu 2 ym and 5 pym
= finalizing construction procedures

o oy
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* 4 planes of full scale
= cathodes: Cu 2 ym and 5 pym
= finalizing construction procedures

.
o ) oo oy

Rigid-flex board
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Central Drift Chambers

dE/dx for p < 450 MeV/c
Gas mixture: ~60/40 Ar/CO,
Angular Coverage: 6°-155°
Resolution:
Gy ~ 150 pm, o,~1.5 mm

Developed at
CMUV, JLab

Support tube

Upstream
end plate (®
119.5¢cm)

Upstream
gas plenum
cap

Inner ski

180cm

| Channel 7 - Ar 60% - CQ, 40% (MC) |

[=1]
=
=

Resolution (um)

L4y
=
T

f =9
=
T

efferson National Accelerator Facility I

uclear A = " b
S/cs
-@- Thoma
‘B"’

IPR September 22-24, 2009
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Drift distance (mm)

N
Downstream
end plate

N\

Stereo straws

Outer skin
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Central Drift Chambers

Upstream Endplate

dE/dx for p < 450 MeV/c HE
Gas mixture: ~60/40 Ar/CO, *

Angular Coverage: 6°-155°
Resolution: Developed at

G ~ 150 pm, 0,~1.5 mm CMU, JLab

Support tube

Upstream
end plate (®
119.5cm)
Downstream
Upstream end plate
gas plenum N\
cap Stereo straws

Inner ski
Outer skin

180cm
efferson National Accelerator Facility I 24 %’Z-g’e,co:
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Central Drift Chambers

dE/dx for p < 450 MeV/c
Gas mixture: ~60/40 Ar/CO,
Angular Coverage: 6°-155°
Resolution: Developed at

G, ~ 150 pm, 0,~1.5mm CMU, JLab

Support tube

Upstream @ Setup:
end plate (® ' » straw tube tracker

119.5cm) » 3552 straws (r: 0.8 cm; 100 um Kapton >9 um Al)
| ®» radius: inner-10cm outer-58cm; length-1.5m
» 8 layers +6°; 8 layers -6°; 12 radial layers
Upstream | ® Readout / Electronics:
>
gas plenum | » preamp cards the same as for FDC based on ASIC

cap » energy/timing measurement: 125 MHz FADCs (72ch)
® HV
Inner ski » 24 straws / HV channel (130 HV channels)

@® main procurements spread from FY09 - FY11
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CDC progress

Channgl 2 Channal 4 [

Status: . 2 || Bt 4
= full scale prototype - Srunf Sk
16 straws fully instrumented E:E:Z;J\M E
B R i :?' i
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CDC progress

Status:
= full scale prototy

.Uhxttr,qnl andplate
. <
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JEL oo B\
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Channal 4
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= vendor selection (straws): v

o . { ) (1) )

radiation test under way BN

= tolerances finalized NN B
= endplates - contract awarded 2006

i SN N

feedthroughs - open solicitation s
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Reviews of Calorimeters

1 Calorimetry, Feb 2008:
> Findings:
* the design meets the specifications
* the reviewers provided many suggestions and comments
> Recommendations:
* address logistics of BCAL module construction
Closed. Contract awarded to Regina
- develop a backup plan for SiPM readout
Closed by July 2009 review (fine-mesh PMT)
* full characterization of SiPMs: continuous progress

0O BCAL readout, July 2009 (two solutions presented):
» Comments/suggestions:
* Fine-mesh PMT (FMPMT) provide a viable backup plan
- use either SiPMs or FMPMTs - avoid hybrid solutions
> Recommendations (SiPM solution seems more promising):
- develop a plan for characterization of SiPM prototypes
- select SiPM/FMPMT only after the previous step
Final decision by Jan 2010
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Barrel Calorimeter (BCAL)

BCAL design modeled after KLOE EMC;

48 modules (phi sectors)

BCAL

2246 cm

] J
|| |'
l f

el ey s T~ 1
e Py s s
\/: iy S T /‘&/
ST T\ N W

= BS5lcm =

single module
BCAL end view

Module: 191 layers
Pb/Sc/Glue 37/49/14

o of Nuc lear Ph
Oﬁk‘ce .

- 1177 cm —

HEEE N

Readout:
4XE6+2X2
=28 segments
per end

2emx2cm

= Fibers: contract awarded (Kuraray)
= Lead: contract awarded
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BCAL: Scintillating Fibers QA

Kuraray (SCSF-78-MJ): 4 shipments so far ~ 20% of total

Meet or exceed the specifications: L,,,>300cm, N,.,>3.5

12
10 :2;:: |1:|8533 £ 18) cm
3 -
| 360+20cm H’H ’l”ﬂ
4 -
2
0 p il | Bl
250 300 P.ttenuatioalslgngth (e} 400 0
87 E"e;r.]: ™ (379 £ 19) om
. L
.| 380+20cm Nr M
2
D ol A
0 200 Attenuat.io?lsl?ength (em) e =
& Ile;n:: []3355& +25)cm
+1 370+20cm } W
0 y L o
250 3:]0 P.ttenuatioalsl_%ngth (cm) 4IIIJCI =0
ot

/Cs ‘ —-.\d? A
©
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BCAL: Modules Construction

= Contract awarded to University of Regina
= Construction prototype is being built
« >70% complete (140 layers out of 190)

' i Summer 2009
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Thomas Jefferson National Accelerator Facility Spisnce

IPR September 22_24, 2009 U.S. DEPARTMENT OF ENERGY




BCAL: Light sensors

SiPMs Fine Mesh PMTs
- Two companies: Hamamatsu - Hamamatsu H8409-70
and SensL

- 1.5" PMT: R7761-70

* Photocathode D = 27mm
- 19 stages

* Max. anode I = 10pA

+ Gain ~ 3x10¢ (0.5 T)

* Dark rate ~ 0.5 kHz

+ Arrays (4x4) of
3x3mm? cells

- Size ~1.2 x1.2 cm?

« Gain > 106

- Insensitive to B-fields

* Dark rate ~ 100 MHz

- Operation depends on

temperature .
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BCAL: Readout Comparison

SiPMs Fine Mesh PMTs

11.8 cm
— 11.5¢m
17 g
T 12 13
i 10 11
| ‘ 10.fcm 10.%m
f N 375deg /
g — 21 2 23 4 ’
"""""""""""" 7 ] 9
17 18 19 0 g
13 14 15 16
4 5 6
9 100 11 12
5 6 7 8 g
77777 gt vy 3 =
12134 & : ? ’ o
g85¢
8.2 em C al layout for readout with fine-mesh pmts
Conceptual layout for inner readout with SiPM onceptuatiayout for r:?s:r:g_;ﬁ se-mesh pm

d 1248 FMPMT

0 3840 SiPMs
d 1248 FADC250 channels

d 1152 FADC250 channels
d Summing boards (3,4)
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BCAL: Readout Comparison

SiPMs Fine Mesh PMTs
+ Short light guides - Long light guides (losses)
Acceptance loss ~ 10.5-11° Acceptance loss ~ 9.5-11°
+ Minimum energy ~ 50 MeV - Minimum energy ~60 MeV

- Saturation effects >4 GeV

- Needs cooling/stabilization

- Radiation hardness <406r

- Unproven at large scale

- Combining 3-4 SiPM—readout

- Poor time resolution at low E
- Long light guides -
mechanical complexity

Viable backup option

Early tests of SenSL arrays

- not meeting specs
* Yoo high noise (unless cooled)
* poor uniformity

uclear .
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BCAL: Readout Comparison

SiPMs Fine Mesh PMTs
+ Short light guides - Long light guides (losses)
Acceptance loss ~ 10.5-11° Acceptance loss ~ 9.5-11°
+ Minimum energy ~ 50 MeV - Minimum energy ~60 MeV

- Saturation effects >4 GeV

- Needs cooling/stabilization

- Radiation hardness <406r

- Unproven at large scale

- Combining 3-4 SiPM—readout

- Poor time resolution at low E
- Long light guides -
mechanical complexity

Viable backup option

New Arrays: vendors promise to
remove deficiencies
- SenSL - improved technology
- Hamamatsu - needs only thermal
stabilization (no cooling)
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BCAL: Readout Comparison

SiPMs Fine Mesh PMTs
+ Short light guides - Long light guides (losses)
Acceptance loss ~ 10.5-11° Acceptance loss ~ 9.5-11°
+ Minimum energy ~ 50 MeV - Minimum energy ~60 MeV

- Saturation effects >4 GeV

. e a -P i i
- Needs cooling/stabilization oor time resolution at low E

- Long light guides -

= Delivery of 10 final samples mechanical complexity
by Oct 15, 2009: . .
- SENSL Viable backup option

* Hamamatsu
= Tests (complete by Jan 2010):
* Noise/gain/PDE
* Uniformity
* Radiation hardness

SR Office of
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FCAL module: LG, PMT, shield, base

Rectangular PMT housing
allows for more modular and
durable base electronics

allowing a sandwich of three
boards rather than single

flexible PCB.

Paul Smith is nearly complete
with redesign of the CW base.

Besides switching to three
separate boards, nearly every
component has changed in the
five years since initial design.

Office of
Science
IPR september 22_24, 2009 U.S. DEPARTMENT OF ENERGY
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FCAL Progress (Indiana)

= Mechanical design nearly final
Magnetic shielding being tested
New CW base design: almost complete (10 prototypes Jan 2010)
CAN control system is progress

Progress with radiation tests of lead glass

64-module prototype: 32 modules are loaded I C\W Base Power
and operational ' Interlock

Ethernet-CAN gateway

Construction starts in FY10

. . PP—=S" Office of
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Readout Electronics

d FADC 250 MHz 12 bit 16 ch/board BCAL ,FCAL,TOF, hodoscopes
extensively tested, newer chips - small modifications needed

3 FADC 125 MHz 12 bit 72 ch/board CDC,FDC(cathodes)
prototype is being tested - evaluation by Nov 2009

d F1 TDC 60-120 ps 32 ch/board FDC(anodes), TOF,BCAL, hod.
extensively tested, newer chips - small modifications needed
All F1 chips purchased

1 ASIC preamps 24 ch/card FDC,CDC
prototype cards are being tested, evaluation by Sep 2009

O LE Discriminators TOF ,BCAL, hodoscopes
off-shelf from CAEN, or existing module from JlLab

O CTP (Crate Trigger Processor) BCAL/FCAL crates
tested, newer chips - small modifications needed

1 SSP (Sub-System Processor), GPT (Global Trigger Processor)
prototypes in FY10 (not much different from CTP)

O Auxilliary modules: SD-complete, TI - 1-st revision tested,
TI - under development

0«‘ ce of Nuclear Ph Sie Off j f
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Readout Electronics

‘" P i

t‘ﬁ |

b . |
Vb,
.,tt':'

L
>
0
-
O

d Auxilliary modules: SD- camplefe,
TI - under development
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Readout Electronics

d FADC 250 MHz 12 bit 16 ch/board BCAL ,FCAL,TOF, hodoscopes
extensively tested, newer chips - small modifications needed

3 FADC 125 MHz 12 bit 72 ch/board CDC,FDC(cathodes)
prototype is being tested - evaluation by Nov 2009

d F1 TDC 60-120 ps 32 ch/board FDC(anodes), TOF,BCAL, hod.
extensively tested, newer chips - small modifications needed
All F1 chips purchased

1 ASIC preamps 24 ch/card FDC,CDC
prototype cards are being tested, evaluation by Oct 2009

O LE Discriminators TOF ,BCAL, hodoscopes
off-shelf from CAEN, or existing module from JlLab

O CTP (Crate Trigger Processor) BCAL/FCAL crates
tested, newer chips - small modifications needed

1 SSP (Sub-System Processor), GTP (Global Trigger Processor)
prototypes in FY10 (not much different from CTP)

O Auxilliary modules: SD-complete, TI - 1-st revision tested,
TD - under development

0«‘ ce of Nuclear Ph Sie Off j f
. . . ’ ice o
{ ‘% -@- Thomas Jefferson National Accelerator Facility ‘@ Science L
Fing Nucieas ppatte Qu“\éms\“ ~ GY

IPR september 22_24, 2009 U.S. DEPARTMENT OF ENER:




Readout Electronics

d FADC 250 MHz 12 bit 16 ch/board BCAL ,FCAL,TOF, hodoscopes
extensively tested, newer chips - small modifications needed

3 FADC 125 MHz 12 bit 72 ch/board CDC,FDC(cathodes)
prototype is being tested - evaluation by Nov 2009

d F1 TDC 60-120 ps 32 ch/board FDC(anodes), TOF,BCAL, hod.
exfen.s'/ve/y tested, newer chips - small modifications needed
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Level 1
Detector
Trigger;;

Trigger: progress since IPR-2008

A 4

Global Trigger
A Processor R

S (WXS)
s e o o
P %16

S
S
=]

Upto 8
Fiber/ssP

Trigger

Supervisor |
Busy CLK;
(Vs TRIG;
. SYNC

Trigger ‘Data’Path
-Energy Sums
-Tagger Hit Counts

Trigger Signals
-Clock Distribution
-Synchronization

Trigger
Distribution

(VX5)

; oo T
x16 |D

Upto 8
Fiber/TD

[F [c

Al (T

D |P
g

(WXS) :

csl[F] [T

TIolAl |1
D |P| ||D
g C

Detector Front-EndCrates

Upto 128 Crates
256 Channels/Crate

A

A
D P ||D
C C

Realistic test of the concept is
completed with existing modules

2 crates with FADC, CTP etc
Simplified SSP, trigger: 2A>x

Trigger distribution

Readout:

* full readout of 4ns samples
* charge integration in FPGA

Reached trigger rates:

« 175 kHz full readout
« >200 kHz limited readout
* very close to the specs

B Thomas Jefferson National Accelerator Facility I
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Level 1
Detector

Trigger: progress since IPR-2008

Trigger_s

Global Trigger
A Processor R

(VXS)
S e o o S
P %16 P
Y

Upto 8

Fiber/ssP

Trigger
> Supervisor
Busy CLK;
(VX5) TRIG;
SYNC
v
Trigger
Distribution
{vxs)
T T
D|®°e® b
Trigger Signals x16

-Clock Distribution

Trigger ‘Data’Path
-Energy Sums
-Tagger Hit Counts

-Synchronization

Detector Front-EndCrates
Upto 128 Crates
256 Channels/Crate

clear Matter - QU2

EREEE
Al [TIDIA
D P |D
[e C
[VXS) :
csl[F] [T
TIolAl |1
D |P| ||D
g C

ks 'O

B Thomas Jefferson National Accelerator Facility

Fiber Patch
Panel

Cc

TRIGGER
SUPERVISOR

Motorola_
6100 CPU

2 C :
Sin
Tri
Rec

Re -' A

e Motorola
6100 CPTH

IPR September 22-24, 2009

Slot VXS Crate | ‘

is
les

4JLAB
FADC

#l TRIGGER
INTERFACE

'
)

50m Fiber

150m Fiber

2 JLAB
FADC

TRIGGER
INTERFACE

< Ottice of
/4 Science

U.S. DEPARTMENT OF ENERGY



WBS 1.2.3 PED

d ~98% finished by mid-September 2009
 Ongoing PED:
» ASIC tests, to be finished by Oct 1 (the end of P6 PED)
> some fabrication drawings need input before completion
[ Two outstanding tasks:
> Final characterization Silicon PMT samples
> Tagger magnet review recommended to produce the
fabrication drawings for this magnet in-house (this can be
viewed as part of a construction task, does not affect PED)

More on the construction drawings -
in the next talk by Tim Whitlatch

uclear .
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Summary of Tracked Recommendations

] D-Det08:

> 1: Logistics of BCAL construction: contract awarded - closed
» 2: Backup plan for SiPM readout: FMPMT endorsed - closed
> 3: Full characterization of SiPM: finish by Dec 09 - open

d D-Inst09:
> 1: Hire Work Coordinator: CRQ09-27, started Sep 1- closed
» 2: Installation staging area: plan developed - closed
> 3: Work Coord. - reevaluate the plans: started - open

uclear .
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Construction Schedule

Fy 09 10 11 12 13 14

| Frais
FIF|F]F FIFIF[FTF
O T O P T R O T T T

1.5 CONSTRUCTION HALL D
1.5.1 SOLENOID
1.5.1 SOLENOID
1.5.2 DETECTORS IIIIIIIIIIIIIIIIIII M ,
1.5-2.1 TRACKI"G ::::::::: trrrrernnn IIIIIIIIIIIIIIIIIIIIII
1.5.2.2 CALORIMETRY TSR R AR
1.5.2.3 PARTICLE ID
SRR ERBRLFE3E AR5

1.5.3 COMPUTING III"..m R '
1.5.3.1 DAQ H Y i

1.5.3.2 ONLINE COMPUTING [N e

1.5.3.3 OFFLINE COMPUTING
1.5.4 ELECTRONICS

1.5.41 FADC

1.5.42TDC

1.5.4.3 TRIGGER

1.5.4.4 CRATES/RACKS

1.5.4.5 LOGIC, HV
15.5 BEAMLINE
1 mmmmmmmn

1.5-5.1 TAGGER ||||||||| |||||||||||| |||!!
1.5.5.2 TARGET

1.5.5.3 BEAMLINE COMPONENTS
IIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1.5.6 INFRASTRUCTURE e —
1.5.6.1 ASSEMBLY i
s ER R S RN EREERY

1.5.6.2 INSTALLATION G
1.5.6.3 CRYOGENICS s HI G
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kS

1.5 Hall D Construction Earned Value

12 GeV 1.5 Construction Hall D
Earned Value SK
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WBS 1.5 Major Procurements 1-SEP-09 Status

WBS CONTRACT

1.5.2 Hall D Barrel Cal Fibers
1.5.2 Hall D Barrel Cal Fabrication
1.5.2 Hall D Procure SIPMTs
1.5.2 Hall D Central Drift Chamber
1.5.2 Hall D Forward Calorimeter

* Endplates - contract awarded
Feedthroughs - PR submitted
CMU contract - PR submitted

o of Nuc lear Ph
oﬂﬁ‘ce "

PHASE

Phase 1 of 3
Phase 1 of 4

Phase 1 of 3
Phase 1 of 4

STATUS

Awarded

Awarded

Advanced Procurement Plan In Progress
Specification Complete *

Open Solicitation

Office of
Science
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Hall D Procurement/Expense Obligation Profile

$3,500

$3,000

TOF
Electr
Target
Beamline

$2,500

$2,000

$1,500

K$ (FY09 Direct)

$1,000 Installation

$500 -

$0 -

Q1,FY13 F
]

Q1,FY10
Q1,FY11
Q1,FY12
Q1,FY14
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WBS 1.5 Total Labor by Skill
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Active collaboration/MOU Status

MOU type

Regina
CMU
Indiana U
FSU

FIU

SMU (Chile)
CNU
Catholic
Connecticut
Athens
UMass
NCUW -
NCA&T

of Nuclear Phy,..

ot

S/cs
‘B"’

construction
construction
construction
collaboration
collaboration
collaboration
JLab
collaboration
collaboration
collaboration
collaboration
construction
collaboration

2009
2009
2009
2003
2003
2007
2009
2004
2003
2003
2009
2009
2009

BCAL

CDC

FCAL

TOF

Start Counter
BCAL

electronics

Tagger FA

Tagger MA, radiator
Monitoring for calor.
Target, electronics
Pair spectrometer
Beam line

B Thomas Jefferson National Accelerator Facility I
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active

active

active

active/in progress
active/in progress
active

active

active

active

active

In progress

In progress

In progress

Office of
Science

U.S. DEPARTMENT OF ENERGY




Risk Management

Likelihood Assessment Impact Assessment
WBS Risk
Item Description Rating Technical Cost Schedule Technical Cost Schedule
15 Construction Hall D
1.5.1 | Solenoid Low Low Low Low Low Low Low
1.5.2 | Detectors Low Low Low Low Low Low
1.5.3 | Computing Low Low Low Low Low ol Low
1.5.4 | Electronics Low Low Low Low Low @ Low
1.5.5 | Beamline Low Low Low Low Low Low Low
1.5.6 | Infrastructure Low Low Low Low Low Low

Risk mitigation plan is updated at least twice a year
Overall risk ratings are low

= 1.5.2 Contributed manpower was a concern, mitigated by CR09-27

BCAL readout decision by Jan 2010

Tracking the cost as low risk since June 2009
= 1.5.4 New densely populated electronics (FADC-125 72) under tests
Mitigation: produce less-dense modules
= 1.5.6 Mitigation: Work coordinator hired; detailed installation plans
are being developed

 =CPA

B Thomas Jefferson National Accelerator Facility
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Hall D Cost Methodology

Basis of Estimate (BOE):

 Costed 1% FI1 chips

* Obligated 11%  Sc.Fibers, Bcal
e Quotes from vendors 0%

« Catalog price 4%

« Estimates from vendors/ 33%

consultants
* Previous JLab experience  25%
* Information from other labs, 6%

Universities, etc.
* Engineering judgment 20%

“ce of Nuclear Phy,..
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SUMMARY

1 PED:
> expected to be finished in Sept 2009
> Outstanding issue:
* Characterization of the SiPM by Jan 2010

d Construction:

> BCAL: fibers/lead - contracts awarded,
modules construction - contract awarded,
ordering the light sensors - Feb 2010

» CDC, FCAL - open solicitations, procurements started

> FDC - construction prototype - Dec 2009

> Tagger - package for "build-to-print"” - Oct 2010

> Electronics: F1 chips purchased, trigger scheme tested

uclear
Sicy r -
-@- Thomas Jefferson National Accelerator Facility ‘@; %’:;gﬁ:‘:-
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SUMMARY (continued)

J Manpower:
> Hired: Hall leader, Work coordinator
> Interviewing:
« 2 scientists, started interviewing
- 1 engineer, advertised

- 2 techs, started interviewing
» Collaboration growing: UMass, NCUW, NCA&T

Office of
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Hall D: Detector Design Parameters

I Capability Quantity Range

l Charged particles  Coverage 1° <0 < 160°
Momentum Resolution (5°-140°) cy/p=1-3%
Position resolution c ~ 0.15-0.20 mm
dE/dx measurements 20< 06 <160°

Time-of-flight measurements
Barrel time resolution

Gror ~ 60 PS; Ogcqa ~ 200pS
c,7< (7ANE @ 33) ps

Energy measurements

FCAL energy resolution (E > 60 MeV)
BCAL energy resolution (E > 40 MeV)
FCAL position resolution

20 < 9 < 120°
o/E = (7.3VE® 3.5)%
6:/E =(5.54NE® 1.6)%
o, ~ 0. 64 cm/NE

BCAL position resolution 6, ~0.5cm HE
l DAQ/trigger Level 1 < 200 kHz
Level 3 event rate to tape ~ 15 kHz
Data rate 300 MB/s
: Electronics Fully pipelined 250/ 125 MHz fADCs, TDCs

Initial: 107 y/s for 8.4<E<9.0 GeV

Final: 108 y/s

IPR September 22-24, 2009

-4 Sclence
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Tagger: Scintillator "microscope”

O Amplifier board: design complete Amplifier/Summing Board
* Up to 30 SiPM 2x2 mm? .. —

- 2-stage fast amplifiers
* Summing circuitry
- Health sensors (<0.5°C )
O Control board: design complete
- FPGA
* Ethernet
* Viies Via DAC: 14 bits 32-chan
* Health sensors
O Test in Hall B: March 2010
[ Construction: FY12

y Fiber cutting Digital Con‘rr'ol Board
. and polishing J] -+

Hmmlonal Accelerator Facility _m § Science [
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BCAL SiPM options

SensL | Hamamatsu
Pixel size (um) 35 50

h%kds/ceﬂ 3640 3600

PDE 10-20% > 20%
Fill Factor 59% 61.5%
?;;f z‘lﬁa 8Mhz | 5-6 Mhz

Voo 30V 70 V '\

Gain s 10° > 108 SensL
Eff. Area | 75% 89% Temperature ~ Array

o of Nuclear P .
0“‘Ce h Sicy
& o
h/an_ S‘“‘
" Nuclear patter - Qua* ' ~
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BCAL SiPM: PDE vs Dark Current

Constant Overvoltage AV = 2V

DR(T) — DR(2O 0)80.103 (T—20)

Constant Overvoltage A V = 2V

H 0.4 # A35H, Getter 2 () MPPC@520 nm (25 um) T =20 d C 0.4 @ A35H, Getter 2 ) MPPC@520 nm {25 um}
o B A35H, Getter 1 ] MPPCE@470 nm (25 um) - eg B A35H, Getter 1 ] MPPC@470 nm (25 um) 5 tigeg C
0.35 A AJEH, No Gefter @  MPPC@520 nm (SO pm) oo, 0.35 & A35H, No Getter & MPPC@520 nm (50 um} ......................
S zg:' ge::e'f B MPPC@470 nm (50 um) S A20H, 2‘9“9'2 B MPPC@470 nm (50 um)
, Getter " AZ0H, Getter 1 -
0.3 S AZ0H, No Getter B e D 3 S AZOH, No Getter
: ; : u : . :
Hamama*rsu 50},lm T=20°C 0.25 _ ............................................. ....................................... ......................
PDE-= 23°/o DR= 95MHz |
........................................................................................................................................ ‘ 0.2 B sensL A35H T 5oc

PDE=18%, DR= 67MHz'

FM PMT T=20¢
' %4 PDE=15%, DR=OMHz
0 1:_ .......................... E| ......................

| | | | |
200 300 100 200 300

Dark Current Array (MHz) Dark Current Array (MHz)

o . . P—=S" Office of
) @- Thomas Jefferson National Accelerator Facility { Science [
IPR september 22_24’ 2009 U.S. DEPARTMENT OF ENERGY

i
100




BCAL: Two Readout Schemes

* SIPM * FMPMT

Office of
Science
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Allternative geometry mignt improve
- collection

Suggestion:

Place FM PMTs at
30° relative to Field
Btot < 0.2 T

6005 -100 95 -90 -85 -80 -75 -70 -85 -80 =55

Ref: Pedro Toledo
GlueX-doc-1291

Fig. 8. FMPMT at sugested position The figure shows the 13 FMPMT
deployed at the available space with the orientation needed to have 30[deg]
respect to the magnetic field. The FMPMT with the label “x2 specifies that
in the axis Y there will be 2 FMPMT with the same orientation

Office of
Science
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TOF Progress

O PMT: Hamamatsu H10534 vs XP2020
* Timing resolution: slightly better
* Lower gain: use an amplifier?

s Lower cost Timing resolution:
O Light guides optimization XP2020UR vs H10534

[ Timing resolution measurements:

pr‘ogr‘e SS |AT, Photonis XP2020UR  o(AT) = 142 ps| ‘ AT, Hamamatsu H10534  o(AT) =124ps

100 F
. i a0l
[ Construction: FY12 _ N o
B0
L el
80| 5'”':—
a0l
a0l F
L a0
20/ 2’”‘-
: Il}_
A_nunn»l kL il AR SHEEN FTAR ARTNE INRT] n_nnul|||I|-|-||I'||_||'I'Iln|-l||||||||| Ll
0 10 20 30 40 S0 &0 70 80 90 100

0 10 20 30 40 S0 60 FO 8O 80 100
TDC counts (1 count = 56ps)

Photonis: 142 ps at 2300 V Hamamatsu: 124 ps at 1750 V
(~300 V below nominal HV) (at nominal HV)
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Start Counter Progress

a Plastic scintillator 3x10x600 mm3
[ Measured attenuation length ~240 mm

Trigger Scintillators

. I
L Comparison
* SiPM (3x3mm, SENSL) 1.2 ns FM PMT | Si PM
- FM PMT 0.45 ns B —
* Need 0.35ns for bunch identification D
O Light guides, better SiPM, WLS fiber?
O Construction: FY12 D~30cm
[ ADC FM PMT cut on straight cosmics |
= ~25T i
o s ~0.45 ns o0
20;_ s 00600 500 106" 1500 7300 7600 13062000 ‘Etlm 400500 600700800 900 1000 1100
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GAS-II ASIC

0 GAS-II ASIC chips 8 channels/chip
(prototype GAS-I - extensively tested)
[ ~100 chips received June 2009
> Preliminary tests - OK
> 6Gain settings:
* Cathodes: 6 mV/fC, Q <120 fC
* Anodes: 1.2 mV/fC, Q <600 fC
* Anode discriminators: 3.2 fC
> Bonding missing for channel #3
will be fixed for production
O Preamplifier PCB: 3 ASICs
> Finish testing by Oct 1
> Package 40 chips with the bond fixed
» Use for the FDC testing
[ Procurement schedule: June 2010
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Checkout/Commissioning

® Commissioning Period One: General Checkout (without Beam)
» Hall D Objectives:

Test base functionalities of the detectors, magnets, and target
auring early phase of the Hall D installation, with testing of the
superconducting magnet performed well in advance of the further
detector assembly and installation.

checkout the solenoid; cryo-system, quench test, run to full field,

magnetic field measurements

tagger checkout; power supplies, interlock systems, magnetic field

measurements, run magnet at full field

checkout individual detector components for basic functions

tests of liquid hydrogen target interlock system

test all electronic modules for full functionality in separate test
stand prior to integration in DAQ

. . W Office of
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Checkout/Commissioning

® Commissioning Period Two: Integrated Checkout (Hot Checkout)
» Hall D Objectives:

the purpose of the detector checkout without beam is to ensure
that all detector components are functional and cabled correctly.
During this period a full check of the data acquisition and slow
control system is performed. A test of all the interfock system
for running with beam is also performed, to ensure the safety of
the equipment during beam operation.

checkout of HV and LV systems before and after they are cabled to
the detectors.

test of slow-control and alarm system

test of FDC and CDC with integrated pulser system; test of
calorimeters and ToF with gain monitoring system

check detector responses with pulsers and led systems and magnetic
field turned on

check all the detectors with cosmics to determine gain, ... test
monitoring software and trigger logic.

> . . pPP—=S" Office of
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Checkout/Commissioning

® Commissioning Period Three: Full Commissioning (with beam)
®» Hall D Objective:

Transport an electron beam with an enerqgy of at least 10 GeV,
average current of at least 2 nA, and emittance < 20 nm-rad at
tagger radiator (CO4B-VIIT ).

Transport photons from the tagger radiator through a
collimator to a target within the Hall D spectrometer.

checkout of individual detector components with photon beam
checkout the trigger logic for real events.

checkout all slow-control and monitoring software

write full events to tape
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Backup
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Solenoid Coil Refurbishment Status

Coll LN2 LHe Coll Electrical
Circuit \Vol. Structure Shorts
1 OK OK OK OK
Ready to close-
up at JLab
2 OK OK Subcoil D OK
needs
structural
support
3 New stainless OK OK OK
shields
delivered to
IUCF
4 OK OK OK OK
B Thomas Jefferson National Accelerator Facility @ %f:::gﬁco:-
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Solenoid: Coll 2
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Solenoid: Axial Forces per Column
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Solenoid: Planned Test of Colil 1
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1.5 Cost Construction

Hall D - Construction Costs CO nstru Ctl on

Solenoid WBS  System FY09$k
- R Direct
e 151  Solenoid 1231

1.5.2 Detectors 12217

1.5.3 Computing 2954

: 1.54 Electronics 6210
ey 1.5.5 Beamline 3086
\ 1.5.6 Infrastructure 3429

1.5 Total 29127

Hall D construction: 167% of total
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Hall D JLab Labor Profile
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Construction Schedule

12 GeV Upgrade FY 08-15 Hall D Level 4

Activity ID[Name F¥2005 | F¥2000 | Fy2010 | FY¥2011 | Fv2012 | Fy2013 | Fy2014 | Fy2015
FIF[F[F[F]F[F[F[F]F[F[F|F[F[F]F|F[F[F]F [FIF[F[F|F[F]F[F F|F|F|F

1.12 GeV UPGRADE SCHEDULE (FYO0B-15)
1.1 R&D
1.2 PED
1.5 CONSTRUCTION HALL D
1.5.1 SOLENOID
152 DETECTORS
1.5.2.1 TRACKING
1522 CALORIMETRY

1.5.2.3 PARTICLE ID IS |
o ___Iﬂ_
1.5.3 COMPUTING

AN o i ]

1.5.3.2 ONLINE COMPUTING

1.5.3.3 OFFLINE COMPUTING
154 ELECTRONICS

1.5.4.1 FADC

1542 TDC

1.5.4.3 TRIGGER

1.5.4.4 CRATES/IRACKS

1.5.4.5 LOGIC, HV
1.5.5 BEEAMLINE

1551 TAGGER

1552 TARGET

1.5.5.3 BEAMLINE COMPONENTS
156 INFRASTRUCTURE

1.5.6.1 ASSEMBLY

1562 INSTALLATION

1.5.6.3 CRYOGENICS
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