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MVTX & HF-Jet Workfest @Santa Fe,12/5-7, 2018

* Goal - complete full proposal,
implement recommendations from

last Director’s Review

* Expand the MVTX Science case
e Update cost & schedule

* About 25 participants

* 4 working groups

Physics and simulations
Sensors and readout
Mechanical system
Budget and schedule

12/8/17

More exit manage US/Mountain | English | Logged in as Liu, M. | Logout

sPHENIX MVTX proposal and HF-jet Topical Group Workfest

5-7 December 2017 Santa Fe, NM Search

US/Mountain timezone

Overview
Scientific Programme
Timetable
Contribution List
Author index
My conference

My contributions
Registration

Registration Form

MVTX detector group and HF-jet topical group invites you to this SPHENIX workfest @ Santa Fe,
NM. This is a pre-meeting of the sPHENIX collaboration meeting scheduled Dec 8-10.

Following the recommendations of the recent MVTX BNL Director's Review, we proceed with the
completion of the sPHENIX MVTX Detector proposal. The goal of this workshop is to complete
the MVTX full proposal.

https://www.overleaf.com/10919417bwssgrhhgryc#/41088978/

Workshop web page:

http://cnls.lanl.gov/sphenix

Updated the proposal with latest results & development!
https://www.overleaf.com/10919417bwssgrhhgryc#/41088600/

On track for DOE submission in late January 2018
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*

4 WO rk| n g G rO u pS 23 institutions, and counting!

A Monolithic-Active-Pixel-Sensor-based Vertex Detector (MVTX) for the
SPHENIX Experiment at RHIC

Phy sics and Slm UIatlonS A proposal submitted to the DOE Office of Science

* HF-Jet TG, Jin, Xin, Tony, Chris, Sanghoon, Haiwang, Darren, January 18, 2018
Xiaolong, SukHyun, Cesar, Ming, Nu et al

DOE Office of Science Program Manager: Dr. Jehanne Gillo
Staves, electronics & power system
* Readout - Mark, Sho, AlexT, Jo, Kun, Ming, Giacomo, Kai/BNL/ATLAS, Jin,

Proposing Organization: Los Alamos National Laboratory

Martin, JohnH, Eric ... Collaborating Institutions: Brookhaven National L'flboratory
Lawrence Berkeley National Laboratory
» Staves/Sensors- Cesar, Xuan, Maria, Ming ... Massachusetts Institute of Technology

Univ. of California at Berkeley
Univ. of California at Los Angeles

H H Univ. of California at Riverside
Mechanical system & Integration Cheriee Universit (Conct)
* Integration - Bob, Grazyna, Walt, Jim K., Giacomo, Chris O’... Central China Normal University (China)

Univ. of Colorado

Czech Technical University (Czech)
Florida State University

Georgia State University

Project Cost, Schedule, Risks lowa St Universty
Strie _ asute Univenity
 Dave, Maria, Ming, Bob, Grazyna, Giacomo, Jo, ... ational Central University (Tatwan)

Univ. of New Mexico

New Mexico State University

Purdue University

Wo rk| N g g rou p tea m | ea d ers Univ. of Science and Technology of China (China)*
Sun Yat-Sen University (China)*

Univ. of Texas at Austin

Yonsei University (Korea)

RIKEN/RBRC (Japan)

e Carbon structures — Grazyna
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Very productive workfest




MVTX Full Proposal in Progress

all key elements discussed and updated/to be updated soon
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622 MAPSstave assemblyand esting at CERN © . . . . .. . ... . ... ... ... 27
6.3 Readoutimegrationandtesting . . . . . . .. .. .. .. ... i i aaaa 28
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652 Detectorsupport structu®® . . . . . . . . .. .. .. caaa aaaa e 34

653 Service sSUPPOMSHUCIUN® . . . . . « i v 2 s e ceeeannncaaeannnaaa 39
12/8/17 MVTX Overview @sPHENIX Collaboration Mtg 6



Plan for the Proposal Submission — Draft Timeline

on-going discussion with ALD about the submission date and process

* Draft ready for sPHENIX collaboration comments:
* Jan 3(Wed)-10(Wed), 2018, one week
e Update document —1/11(Thur)-15(Mon), 2018

e For ALD review and feedback
e Jan 15(Mon)-22(Mon), 2018

e Ready for DOE submission
e Jan 22(Mon)-29(Mon), 2018, final editing, one week
* Jan 29(Mon), 2018, ready for submission

* To be submitted before Feb 2018 DOE budget meetings
e 2/22/2018 for LANL NP, similar timeframe for BNL and LBNL



MVTX Project Status and Highlights

* Expanded science

e Sensor & readout system
* Mechanical system

* Budget & Schedule



Xin’s talk

Money Plots Updated: R AAand V 2

B-meson B-Jet
B-meson B-let
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Figure I: Projected statistical uncertainties of Rcp/Raa measurements of non-prompt/prompt D mesons and b-jet as a function Figure 2: Projected statistical uncertainties of v, measurements of non-prompt/prompt 1 mesons and b-jet as a function of pr in
of pr in 0-10% central Au+Au collisions at , /55 = 200 GeV from a dataset of 240 billion minimum bias Au+Au events. 10-409% central Au+Au collisions at , /5y = 200 GeV from a dataset of 240 billion minimum bias Au+Au events.

faster bottom quarks

9
.........WPF.'.....)B

8 slower bottom quarks
R To be updated with more model calculations
S =2
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More Theoretical Inputs (1): B-meson v2

New calculations from PHSD for B-hadrons:
- Significant v2 suggested, but may NOT follow the scaling due to large bmass!

LANL model
CUIJET
Duke model 0.10 ' - ' - ' . " T T T
TAMU min-bias AutAu @200GeV | & | D STAR Au+Au @ 200 GeV -
0.08 4 In(B)l<1 i o015 T &z B
UrQMD : —e— w/0 shadowing effect >ﬁ o A D 10-40%
— : B'meson —=— w shadowing effect o < -meson |
o - 0
PHSD £ - — | & W*‘b”'f T gl - ]
o o _ =2 2T n W |
Ads/CFT Q'%V 0.04 1 _/'f \. 1 > 0.05 'y gi X
> T ® - 8‘ - $ 1
BAMPS / =
HQ+EPOS2 %027 /= 1 3 ,;‘i ]
+ O B oo eeeeeeeeeneeeeeeee e |
JetScape 0.00 . . . . . . | | | 1 ]
0 5 10 15 0 0.5 1 / 1.5G v 22 2.5
pT (GeV) (mT - mo) nq ( ev/C )

STAR, PRL 118 (2017) 212301
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More Theoretical Inputs (Il): B-meson R AA

New calculations from PHSD for B-hadrons:
- Potential significant anti-shadowing effects
- Open b-bar in AuAu, very important baseline for Upsilon program!

s LN 0-10 % Au+Au @ 200 GeV 4 1.4
> N\ n(B)l<" l : | A
—, - —e— w/o shadowing effect : H : 1.2
—~ I N —u— w shadowing effect : ~ B
S o\ \. g s g 1 O
£ AN - -4 0.8
g \.\l o O ’
@ - 05 M 0.6
< .Q.\ b @RHIC e
X 05 o~ m—u_ - i={— Gluon 5 04
*—e.___ . 3 anti-shadowing s
o —n =1 i
\‘h\,/‘s/- i Q2~100 =1 0.2
‘/ |_|_|_|:3_ L 11 llllll 31 11 llllll ’)l L1 llllll ll L iiiil O O
0.0 ; : : . . -4 - - _ .
: - p’ 107 10° 107 10 1
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More Theoretical Inputs (lI1): HF-Jet Substructure

H. Li & I. Vitev @MVTX Workshop

g->f+fb
BTTTTTOTE

* QCD Splitting function in QGP

14 mzzoo GeV g=2+01 MLL -
B c —cg ’
; 12 ant-k, R=0.4 b —bg =
— ] 3
| e— R — -
3
-

08

06

1.1

10<P_ <30 GeV T
L. T — Subjet 2

1

AuAu/pp

09 = Undo last stage of C/A clustering

01 0. W < SR < T - S - R ~_ min(pri1,pr2)
Z Define 7 pri+pr
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Jin, Haiwang, Sanghoon’s talks

Simulation Updated

* Fully implemented MVTX models used
in performance projection

* Large jets production in full detectors, including detailed MVTX detector +
full calorimetry

e 250k MB jets in p+p collisions
* 100k MB jet embedded into central Au+Au collisions

12/8/17 MVTX Overview @sPHENIX Collaboration Mtg 13



b-jet purity

Updated p+p and Au+Au b-jet Projections

* b-jet tagging projection re-evaluated with full tracking + calorimetry simulation
» Tagging work point has been stable (60% Purity 40% eff for pp)
e Central Au+Au Tagging work point has been stable (40% Purity 40% eff)

* Performance has been stable using truth jet finding or calorimetry reconstructed jet finding

1: T I T T T | T T T I T T T : b 1: T T T | T T T I T T T I T T T I T T T | :
0.9F- Pythia8 p+p 200 GeV = 5 095  PYTHIA8MB jet Embed to MB HIJING AutAu =
08E Truth Jet, p_ > 20 GeV = S 08fF Tower Jet, p_ > 20 GeV =
0.7 = SPHENIX GEANT4 tracking 3 2 07E SPHENIX GEANTA4 tracking 3

E MAPS+T+TPC E - MAPS+T+TPC ]
0.6 = = 0.6 3 E
= = 0.5 .
0.5E Large DCA methods: = 04b Large DCA methods: 3
04 — E one track cut 3
- one track cut - 0.3E -
0.3 = ~E two track cut 3
= two track cut - 0.2 three track cut
0.2 k‘;v A three track cut 3 0 15_ E
0.1 m N S -

0 E | 1 ] Il 1 1 ] h = 0 02 0.4 0.6 0.8 1

0 0.2 0.4 0.6 0.8 1 . . . -

0 o sPHENIX b-jet work point b-jet efficiency

b-jet efficiency
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Sho, Alex & Xuan’s talks

MVTX Readout and Control R&D

SPHENIX GL-1 & GTM

9-sensor Stave

1 1

I I E
Front End &)
: . I canbus o
I Electronics : } 5
I 5-10m Readout | I 8
. Unit/ALICE 1Y GBT Optical Links =

il

( | \ i

9 Data (1}2Gbps)
1 Clock, } Control/Trigger

Clock + Control + Trigger

=&

el |3 =

X =4
v

|
Samtec Twinax Back End

Serial Outputs (1200 Mbps)

”FirFFly" Electronics
FPC “Power l P FELIX/ATLAS
Alpide | P2
Sensors Filtering i 2
— Capacitors ] §
Regulated | P o
| Power I : %
| 1 o
I "ﬁGWEi' ............... I ;
: Board/ALICE : oo
Interaction Region | Experimental Hall 1 Counting House
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Excellent Progress in LANL LDRD

ALPIDE Evaluation and optimization * A telescope under development

* MOSAIC + Single Chip/Stave
e Cosmic and source
* Laser system

Power unit tested
e PU + MOSAIC
 PU+RU

Full readout chain demonstrated
e ALPIDE + RUV1.0 + FELIX v1.5 + RCDAQ
* Full stave + RUv1.x + FELIX v2.0 + RCDAQ

Mechanical system integration

e Conceptual design developed
* MVTX+INTT integration

12/8/17

* Mechanical frame, cooling etc
* GEANT sim, alignment & tracking

MVTX e
ALPIDE chip IR

MVTX Overview @sPHENIX Collaboration Mtg
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Single ALPIDE Chip Scan — Active Channel Fraction

* Scanned the available chips and stave at the LANL lab through digital
scan to verify the dead channel fraction: the bad channel fraction is <1%.

* Similar results with different readout speeds.

Chip 1 test example

50

—40

777

Cold channel

1
0

—35

30

—20

15

I10 Bad fraction
5
o 0.15%

600 800 1000
Column
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8000

7000

6000

5000

4000

3000

2000

Hit Pixel Cluster Distribution from Source Test (Sr°9)

No. of pixels per cluster

Average No. of pixels: 2.20

| A B LN LA BN NN BLELEL AL BLELELELE BLELEL L |

T15y

o

2 4 6 8 10 12 14 16 18

No. of pixels

12/8/17

cluster width in pixels

A
10 i Column direction
. 1 pixels
i :‘: 2 pixels
i A 3ngels
- —y— 4 pixels
5 pixels
3 6 pi
3 7 <
10 8 pi
9
1
1
1
1
1
1
107
10
0 12 14 16 18 20

cluster width in Column direction
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ALPIDE Readout Optimization and Trigger Latency Study

Input stage ~ VPULSE * | - Pixel analog Front end 3x Multi event
I | buffer
Reset i Cimy : U T R — ETROBE
—|—230 aF | : [ A 3 STATE
1 PIX_IN | OUT_A = >
) ) ! out_o|
—4— Collection : ! . Hit Storage
~ _ diode : ' - Latch
Ciet 2.5fF@-6V,, | C[,_\TI.GfF . H )
PIX_IN OouUT A ~5-6 us
Vi t~=10ns Vi i a S
T J i OuUT_D |
AV=Q/C t E threshold —
. t>100 us e STROBE
>t — : > 1
clipping point

e OUT _Aclipping: VCLIP. Decreasing VCLIP decreases clipping point.

 OUT_Areturns to baseline time: ITHR, VCLIP. Increasing ITHR decreases discharge time, and decreasing VCLIP
decreases discharge time after clipping.

e QUT_D return to baseline time: IDB. Increasing IDB increasing charging time hence decreasing pulse duration.
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Trigger Latency Scan

 Lower the OUT_D threshold (IDB) increases the trigger duration time, but also increases
the cluster size which might include more background hits.

Cluser Size VS trigger delay time Cluser Size VS trigger delay time
= 24f = 26F o
X C 28 : ® ®
= 2.2_—’ 8 24 ®
® - 90 o o ° o ® -
.(7) 2:-— ‘(7) 2.2:__
s s b Lower Threshold
% 18 ® B 2
wn -
2 F 2 ,.F (Lower the IDB) e
16 Default set “F
1.4 1.6~
1.25— 1.4~
1 ® 1.2
» - o
0.8~ 1=
0.6:— 1.1 I .4 1 1 l 1 41 1 1 l 4 1 1 l LA 1L ll |- ll I -- l |- [ 1 1 1 [ 1 1 1 0.8—"_ - l - - - l - - - l - - - l - - - l - - - l - - - l -
0 1 2 3 4 5 6 7 8 9 10 0 2 4 6 8 10 124
Trigger delay time (us) Trigger delay time (us)
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LANL + Martin, JohnH et al

First Full Chain Readout: Success!

Server
Fire Fly Cable Fiber Fiber ;' """"""""""" /——\ """"" |
« 40Mhz clock le_d0Mhz clock | o : oG 5
Control Trigger X :
1 B k t b~ 1
Alpide  [€Giganit data S RU Gigabitdata | goy ? FELIX Disk  [poftwarel

Control (USB)

PC

* Successfully configured, triggered and readout single ALPIDE chip
* RU configures ALPIDE using python scripts interfacing the USB chip on RU
* Felix distributes clock to RU, the RU then distributes the clock to the ALPIDE
* ALPIDE is triggered on the control line, sends data at 1.2Ghz over copper
* The RU receives the data and sends the data to FELIX over fiber using GBT link
* FELIX packs the data and stores in on disk which is read out using RCDAQ
* Configured ALPIDE to accept triggers from FELIX using python software that came with the RU
* Configured GBT link to recover clock from FELIX and GT link (FGPA gigabit interface)
* 8 RU’s emulated using 1 fiber link per RU on FELIX, 15kHz, 400 hits per RU

e Currently working the implementation of the above using a Stave
12/8/17 MVTX Overview @sPHENIX Collaboration Mtg 21



Parallel Effort at UT-Austin — Shared R&D

From Jo

Test Setup at UT Austin s o ()

* RUv1 with transition bd + power mezz * Long (5m) FireFly cables
* RUvO as CRU emulator * Power board with single breakout board
* Single sensor on chip carrier board with interface * Now also tested with 9-sensor Inner Barrel module

board (only usable for IB tests, wrong pins for OB)

|V A
y L

-----

12/8 VIVIX Uverview (WSPHENIX Collaboration IVITE

"""""""
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Walt, Bob et al

Mechanical Integration

Update from MVTX mechanics workfest

Incorporates the current INTT model and
the TPC as components for the sSPHENIX

tracking system

23
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ESTIMATED TOTAL MASS HALF

PATCH PANEL DETECTOR 1,100.0 grams

END WHEELS

CONICAL SECTION

MVTX half detector assembly

12/8/17 MVTX Overview @sPHENIX Collaboration Mtg

24



12/8/17

Layer O

IB CYSS

MVTX layer break-out; three sensor layers with a carbon
composite outer shell for mechanical stiffness

MVTX Overview @sPHENIX Collaboration Mtg
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Service barrel

DETECTOR
SECTION

SERVICES, SUPPORT
SECTION

ALICE HALF-BARREL ASSY

MVTX Overview @sPHENIX Collaboration Mtg 26



Model of MVTX with INTT inside TPC with the
addition of two concentric composite cylinders;

Location of conflat
__flange on beam-pipe

e

I

A )0| |-

7 @m&nmgﬁm

@% _ _%}
/‘3: L
I o[
] )
Bl |
=T T

Location in Z where the inner-hcal ends (see
control drawing) Z=2175.0 mm

12/8/17 MVTX Overview @sPHENIX Collaboration Mtg 27



ALICE Inner Tracker Rail Support

The MVTX plus INTT half barrel assemblies location position is provided by the engagement of 4 rollers on the half-barrel,
which would be previously measured and aligned, into four precise inserts housed in the “cage-rail” assembly.

Ve Rail guides for upper
K half assembly

/»’ i " 1 2 = -
l,;' B m‘g)g!

%

Eccentric:
Adjustable roller +/- Imm
By step of 0.25mm

Eccentric:
Adjustable roller
+/- 1.0 mm, by
steps of .25 mm

In SPHENIX we will not use a “service cone, rail system” anywhere near the size of
that planned for the ALICE detector, but we will use their concept.
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_‘ &INTT Readouts from both North and South

A

Identical to
FVTX Big
Wheel

n=1

Board
The bus exten&er needs to run to ROC boards (reuse FVTX ROC) outside TPC.

Minimum length is 105cm — ladder length + distance to ROC board.
MVTX Overview @sPHENIX Collaboration Mtg
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Ed’s talk

MVTX Schedule and new sPHENIX baseline Plan

* MVTX schedule — align with sPHENIX e New sPHENIX baseline schedule

plan e CD-1 Review: 5/2018
* Stave production * SPHENIX installation
* Following ALICE production: ~8/2018 e 4/2021-7/2022
* Readout units production « SPHENIX ready for beam: 9/2022
* Be part of ALICE RU production: * First collision: 1/2023

* FPGA & GTB cost saving
e Ready for installation: late 2021
* INTT ready for installation 4/2021

e MVTX ready for beam
* SPHENIX day-1



COSt and SCthUle Dave’s talk

SsPHENIX MVTX Cost Profile

$3,500,000
* Total budget: 6.5M $3,000,000
* Production =R
SZ,OO0,000 I
° Assembly $1,500,000
* Integration $1,000,000 m
$500,000
» About 9 months schedule float ,_H B m B _

FY2018 FY2019 FY2020 FY2021 FY2022

Figure 42: MVTX Funding Profile.

aornmems | comiow | scheduie

Staves (WBS 1.5.3.1) 1.3 8/2018-5/2019
Readout & Controls (WBS 1.5.2) 1.3 1/2019-6/2019
Mechanics & Detector Assembly (WBS 1.5.3) 1.8 2019-2022, TBO
Integration (WBS 1.5.4) 1.0 2021-2022, TBO
Project Management 1.0 8/2018-1/2023
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Major Cost Items

WBS Task Name | Cost (K) | Cost with Contingency+ Passthru (K)
1.53.1.1 Produce 84 staves $966 $1337
1.5.2.2 Readout Units(RDO) $480 $664
1.55.3.23.2 CYSS Cylindical Structure $319 $424
1.55.3.233 COSS Conical Half Shell $329 $438
1.54.3 Safety Systems $139 $191
1.544 Stave Support+ Global Interface $308 $465

12/8/17

Table 6: Major Cost Items
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Project Organization

MIVIX PHENIX
Principal Investigator: M. Liu (LANL)  F------- S '
SPHENIX [....... Lead Coordinator: M. Chamizo-Llatas (BNL) project
collaboration Co-Investigators: G.Odyniec (LBNL), R.Redwine(MIT)
ES&H liason: W. Sondheim (LANL), A. Franz (BNL) ~ F-=----~ RHIC
Project Controls Manager: D. Lee (LANL) accelerator
Electronics Mechanics & Detector Assembly Integration & Infrastructures
LANL = M. Prokop LBNL - G. Odyniec MIT - R. Redwine
WBS 1.5.2 WBS 153 WBS 1.5.4
Readout Units Staves Coaoling
UT Austin LANL - C, Da Silva MIT - J.Kelsey
WBS 1.5.2.1 WBS$1.5.3.1 W8S 1,5.4.2
Back-end Carbon Structures Safety System
LANL - M. Prokop LBNL MIT =~ J.Kelsey
WBS1.5.2.2 WB51.5.3.2 WBS 1543
Power systems Barrel Assembly Support Frame
LBNL LBNL MIT - J. Kelsey
WBS515.23 WBS 1.5.3.3 WB51544
Installation &
Commissioning
LBNL/BNL
WBS 1.5.4.6
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Summary

* MVTX proposal document updated

e Addressed recommendations from last Director’s Review
* Expanded science

* Updated cost and schedule
* To be submitted to DOE in Jan 2018

* Excellent progress in R&D

e Readout and controls proof-of-principle demonstrated
* Conceptual mechanical system design developed

e MVTX+INTT+TPC mechanical integration in progress
* sSPHENIX wide coordination needed

* Ready for sPHENIX Day-1 Physics



Backup slides
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LDRD — MVTX/sPHENIX Key Tasks/Milestones

7/17 10/17 10/18 10/19
| | 1 | | |
Today
RU/KC705)/FELIX1.5 Integration
*

40MHz, 7/17-12/17
LDRD RUv1.x/FELIX2.0, 1OI\"/KI Hz,

11/17 - 6/18 * MVTX Design Review 7/2018

System test, cosmic &*source

< 7

6/18 - 1/19

Test Beam, tracking perfmlnance

analysis, NIM paper etc.

MVTX: 2018 — 2023 1/19-9/19

Stave Production, procure FP(iA, GBT etc.

N
BNL Director Review

7/10-11, 2017 8/18—4/19 . '
Electronics Production

< X
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RC DAQ event Data Screen Shot

maps : ddump - Konsole

Rcdaq receiving events
from KC705 using ddump
utility

ffff0044ffffcOffdeal
a0 - Chip Header
4e - bunch counter
ff - IDLE

cO - Region Header
40 00 - first Hit

Second screen shot
showing end of one event
(b0..., fOO0f000) and the

beginning of another
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Calculations

| collision Rate _
Y 200kHz
N 10Mhz

e Assume 10us window and cluster size 3

- J|AAV PP
# of collisions 2 =10us * 200kHz 100 = 10us * 10Mhz
# of hits, hottest chip PZEERE"]0] 75=3* 25

1983 =3 * 661 543 =3 * 181

Central Au-Au collision with 2.0 pileup MB collisions: 661 clusters/stave in layer 0

p-p collision with 100.0 pileup collisions: 181 clusters/stave in layer 0

o =
= C 2
S 90: —,_I—\_|— f—’ 251
— — B -
Z 80 s T ] -
3 F s L
70 ° 20—
60 B
= 15(—
50 C
40 C
= 10—
30F B
2o 5
10— C
0:' [ + 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 t I + o_' I + 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 I 1 1 1 i l I
15 ~10 5 0 5 10 15 =E 10 5 0 5 10 15
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BNL control envelope drawing; Z location of the inner
hcal isat 2175,0mm
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T GAP
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Adding the INTT to model of MVTX in sPHENIX

It is clear from this detail view the conical region of the MVTX detector barrel with the INTT that the MVTX will
need to translate in Z by at least another 50.0 mm in addition to the 180.0mm that is seen in this model

12/8/17 MVTX Overview @sPHENIX Collaboration Mtg 40



Detail view of MVTX, where the conical region has been translated by an

additional 50.9 mm, along with the INTT and two concentric composite cylinders

L
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Cross-section view from CAD model of MVTX, INTT, TPC, beam-pipe,

ells
-

plus two composite conical sh
4
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3

THE INFORMATION CONTAINED IN THI
L .

AWING § THE SC
SANSERT COMPANY NAME HERE>, ANY
REPRODUCTION ™ PART OR AS A WHOLE
WITHOUT T<E WRITEN PERIMSSION OF
SINSERT COMPANY NAME

MVTX Ovemiiew (@sPHENIX Goltaboratioredigomae
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<MOD-DIAM>399.80 —

ID OF TPC INTT— <MOD-DIAM>105
\ f OD OF INNER
| / COMPOSITE SHELL

<MOD-DIAM>365

OD OF OUTER
COMPOSITE SHELL

<MOD-DIAM>101
ID OF INNER
, COMPOSITE SHELL
<MOD-DIAM>360
ID OF OUTER N
COMPOSITE SHELL y

<MOD-DIAM>43.18
OD OF BEAMPIPE

MVTX DETECTOR
SECTION

MVTX SERVICE

-

SECTEN DETAIL A
SCALE 1:4
ALL DIMENSIONS IN MILLIMETERS
UNLESS OTHERVISE SPECIFIED: NAME  DATE
DISMENSICNS ARE IN INCHES DRAWN WALT 12/7117
g CHECKED TILE:
FRACTIONAL =
ID OF TPC ANGULAR: MACH  BEND,
TWO PLACE DECIMAL ENQAETR,
THREE PLACE DECIMAL MFG AFFR.
INTERPRET GEQMETRIC QA
PROPRIETARY AND CONFIDENTIAL 101 I’-HI\!V‘:DING PER: COMMENTS:
MATERAL SIZE DWG. NO. REV

MYTXINTTTPC beampipe
coaxial compesile cylinders

AISH B

SCALE: 1:50 WEIGHT:

NEXT ASSY USED ON

2 1

SHEET 1 OF 1

A



Gap between conical shell of MVTX and inner layer of INTT is 11.58 mm

1

R&1.58

SIIE |DWG. MO

REW

SICALE: 1:50WEICHT: SHEET 2 OF 2

2 1
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56.0 mm gap between INTT and inner radius of TPC

DDA 95 50 <MOD-DIAM>41 91
R34.67
R143.50
R=133.43
- SCALE 1:2.5
A ALL DIMENSIONS IN MILLIMETERS R=61.58
\MLESS CTHERWSE SPECFIED: waE | bl
EOVEREICNS ARE I NS LTy WALT | 1ZENT
mﬂmm o CHECEED TITLE:
WG LACE DEcuaL s TRC w INTT and MVTX
e PG AEFR: conical end view
HTEFTRET GECUATTEC aa
FROPENTARY AMD CORPIDEWTIAL PER:
PRI A B4 AR R & MELE L B
MTHOUT THE WRITTEN PERMBSOH OF HEXT AZTY USEDON
ok rpa— [T —— SCALE: 1-50/WEIGHT: SHEET 1 OF 2
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Earlier model for the INTT, chevron configuration, inner layer

half ladders in width;

3kda/Ay

3 ¥ 2

R767L
[R200.00]

RL.F24
[R120.00]

R3.937
[R100.00]

R3.130
[R80.00]

R2362
[RE0.00]

R2.126
[R5L.00]

]
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MATERIAL
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ladders:
Layer 0 — 38
half ladders,
Layer 1 — 26
Layer 2 —34
Layer 3 -42



Offset from OD of beampipe and innermost
component of the MVTX

a 7 & 5

| W '_'—E_

New gap

SECTICH B-B

c
2.025 II“I. SCALEZ2:1
8 O B
DETAIL C
SCALE4:1
ALL DIMENSIONS IN MILLIMETERS
’ mmiggwr s E‘E%ﬁfﬁ Lo \::‘ :I‘ A
APGULAR: MACHE BERD b
f—: e A GecauaL  oo0a M:.::: E-dateciorw-beompipe-modd|
LosAlamos o .
i L EaniE
fe T o wa
= T B
SEALEE R [ e
4 3 2 1
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Offset needed to install split MVTX into run location
around beampipe, passing over 2.75 in conflat flange

4 3 2 1

3 2
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INTT stave design with HDI

135.00°

490

INTERCONNECT
REGION T EXT.
CABL I

400

9770
100.30

0.20 SILKCON SENSOR

/" ©2.30 OD 5.5. COOLNIG TUBE
@210
P-25
SECTION A-A SUBATOMIC FHYSICS
SCALET1:1
0.42 HIGH DSENSITY INTERCONNECT = -
- Los Alamas
3.84 CARBON COLD PLATE —=~ e
0.32 FPHX CHIF —=—=— [PS——
& L] 4
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ALL DIMENSIONS IN MILLIMETERS

CAMEMIORE ARE M NCHES
FOLOPARCES UMLESS S ICIED:
FRACTIONALE

AMGULAR: LACHE BERD £
TR PLACE DECIMAL 2 Ol
THREE PLACE DECRAAL £ Cu0d

e
W

[
e
e
WA
an

Cliint:

INTERC ONMECT
REGION TO EXT.
CAEBLE
WAL | 11uyar
Layer 1230082
INTT stove asembly

A [wea v

B

S [ F

48



Latest configuration of ladders in the INTT, 4 layers
where each is made from two layers for hermeticity

a 7 -] 5 4 a 2 1

NUMBER OF STAVES FROM
INMER RADIUS CUT:

TOTAL: 114

ALL DIMENSIONS IM MILLIMETERS

. CRMMDERS ARE FH RCHES e
SUBATOMIC FHYSICE | posman o T TICTED: wanm | w11yt

- ™o
=3 b INTT-cyfindricoliayers-same-aidsh
- Los Alamos ; crosssection wew
.
I (o
B e e B
SEALEL | e g
B T L] 4 a 2 1
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New INTT model with HDI

FPC EXTEMSION

extensions;

FPC EXTEMSION

3 2

MVTX Overview @sPHENIX Collaboration Mtg

f 455
500
50.0
800.10 |
ALL DIMENSION IN MILLIMETERS
UMLES] OTHERWEE SPECFIED: HAME | DME
[+ 5 ARE I INCHES DRawy WALT 13017
vy crecnn TTLE: _
ANGULARMACH  BEND | p e new INTT stave assemblies
Ihi PLAS BELLs po— the same length, with FPC
= - P extensions shown
[T — TOLERANCIG PEF:
COMUEN
AR R PEORET e SIZE [DWG. NO. =EV
AT HAME IR At
RERREEERE AR S A A e LT
WTHOUT THE WRITTEN PERMESCR OF HEXT ASST s on
TeSiap AR prespes— N A CRAN G SCALE: 1:10/WEIGHT: SHEET 1 ©F 1

1
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Some High Level Summary of Specs and
Deliverables for MVTX

to be added to the proposal



STAR HFT Parameters

High-level CD-4 key performance parameters: instrument must be capable of:

Pomting resolution of HFT system <50 UM spHENIX:<50 um, w/ 2-layer hits requriement
(750 MeV/c kaons)
Single-track efficiency for HFT system > 60% SPHENIX: >60%

(1 GeV/c pions)

Compatible with STAR DAQ-1000 system | sPHENIX: 15kHz readout
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Low-level CD-4 Kkey performance parameters: experimentally demonstrated at
Project Completion:

1 | Thickness of first PXL layer < 0.6% X SPHENIX: <0.5%X0

2 | Internal alignment and stability | <30 pm
PXL

3 | Internal alignment IST and | <300 pm sPHENIX: internal alignment MVTX/INTT
SSD

4 | PXL imtegration time <200 pus SPHENIX: <20us

5 | Detector hit efficiency PXL > 95% sensor efficiency and noise from all

4
sources < 10

p i ” ;

and dead time

7 | Live channels for PXL and | >95%  popenx. use ALICE QA? 90%27-80% seems OK
IST
8 | PXL and IST Readout speed

<5% additional dead time @ 500 Hz average

. . sfHE IX: <5% additional dead time
trigger rate and simulated occupancy

@15kHz

gy

12/8/17
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3.3.2 CD-4 DELIVERABLES

The HFT MIE project will be complete when all DOE deliverables (Table
3-2) have been tested and installed into the STAR detector at BNL.

Sub-system

Deliverable

PXL

PXL insertion structure  sPHENIX: mechanical interface structure ang

1 tools

PXL msertion tool to sSPHENIX Global Rail System

10 sectors with each sector consisting of :
One ladder at a radius of 2.5c¢m and 3 ladders at 8.0 cm.
Each ladder contamns: 10 silicon detector elements, one readout

board
SPHENIX: 3-Layer MVTX
40 ladders total Y

3 DAQ receiver Personnel C ompugﬁﬁElez 6 DAQ PC, hosting 6 FELIX |

poards

Two clam shells, with five sectors integrated and aligned on each
clam shell, mnstalled on pixel insertion tool.  spHENIX: 3-Layer MVTX,

two clam shells

Forty tested ladders to serve as spares and replacement components

to allow for any needed repairs to the existing sectors of the PXL
detectors SPHENIX:48 + (28 + 8 spares) = 84

Low Voltage, Cabling, and Cooling

A PC-based control and monit01'jn%/lsysten1
MVTX Overview @sPHENIX Collaboration"Mtg
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Software

Online control software verification

12/8/17

Table 3-2 HFT Deliverables
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