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ﬁ MVTX Detector — Modified from ALICE/ITS Design

Service cone: signal, power, cooling
and mechanical support

CYSS: Cylindrical Shell Structure

End-Wheel

r B 3- Téyer sensor barrel # m |
4 5 3 l \m,:
' 8 e, W - 48 staves 432 chips:

Layer0 Layer1 Layer2
MVTX Radial position (min.) (mm) 23.7 314 39.1

parameters Radial position (max.) (mm)  28.0 359 434
Length (sensitive area) (mm) 271 271 271

Active area (cm?) 421 562 702
Number of pixel chips 108 144 180
Number of staves 12 16 20
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) Scope of the MVTX Project

 MAPS Staves & Electronics * Mechanical system
* Readout Integration * Modify ALICE/ITS mechanical structures
* Frontend: ALICE/ITS RU * End Wheels
* Backend: ATLAS FELIX e Cylindrical structure shells

* Service half barrels
e Production & Assembly @US: ~$5M

* QA & assembly * Mechanical system integration,
* RU boards @UT-A * Design & simulations, MIT/LANL
* Half detectors @LBNL « Composite structure production, LBNL
* FELIX boards @LANL/BNL, 6+spares(2)

* Non-composite structure, MIT

* Ancillary systems - “adopt” ALICE ITS system « Installation tooling etc., BNL/LANL/MIT/LBNL
* Power, slow control & monitoring etc.

e Adopt ALICE cooling plant design

Production @CERN: $1.36M, a separate project . :
* Modifications to fit SPHENIX, MIT/BNL

84 ALICE/ITS-IB staves from CERN

Acceptance test @LBNL, 48+spares(2-inner layers+)
60 ALICE/ITS-RU from CERN

Acceptance test @UT-Austin, 48+spares(12)



ﬁ MVTX Readout, Power and Controls

: I |
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we | " ! I Front End v GBT Pptical Links =
. [
one pixel 9 Data [|(1.2Gbps) ﬁ e,
— e Clock, J1 Control/Trigger 1 e
|\./I/ I I ] ] ] I I | s i E— i Data (b.6 Gb/s max)
T T T T T 1 3 A I L”:": I
[ — | Trigger -
Serial Outputs (1200 Mby I Samtec TWinaX """" | FELIX
9-sensor Stave o e | “FireFly”, ~10m ol Back End
' FPC - Power I : ' ATLAS Front-End Link eXchange
Alpide ¢ ; | FELIX):
sensors ‘4 FlexPCB | o rcgulators il ( '
/éold Cl;lg)t:(;ltr;grs : Regulated : - SsPHENIX Data
ALPIDE pixel: y i oo 1 Aggregation
. l 1 Module(DAM)
- Shaping I 1
i . , I . : .
Digitization _ Interaction Region 1 Experimental Hall I Counting House
- Zero-suppression ' '
- 3x buffer
MV TX Detector Electronics consists of three parts
Sensor-Stave (9 ALPIDE chips) | Front End-Readout Unit | Back End-FELIX/DAM
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H@ MVTX Global Mechanical System Integration

* MVTX system preliminary design, with two parts:
e Part-1: from MVTX to PP-1b, all power PCB, 40cm
e Part-2: length TBD later, from PP-1b to PP-2

a a | J =
> O P
—
PP-1a:
Pp-2- short signal cables
Signal and \ PP-1b- R=209.6cm
power cables - . MVTX Overview L - 350 O cm
power cables )




SPHE@reliminary Mechanical Design Completed

Ross’ talk

MVTX Section View

Showing half of cables, and cooling lines

ARAREE

|

SPHENIX Inner Detector Integration Workfest
Wednesday Jul 10, 2019, 9:00 AM — 4:00 PM us/Eastem

https://indico.bnl.gov/event/6377/

- MVTX, INTT, TPC ...
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ﬁ Project Status

* Confirmed long SamTec readout cables recently — last key integration R&D
* 11.4m long cables, > 10m desired length

* MVTX mechanical design: excellent progress
e Asked for quotes from outside companies based on preliminary designs
* sPHENIX integration workfest scheduled 7/10 @BNL, MVTX/INTT/TPC...

* Release of early R&D fund in progress
 MVTX mechanical engineering design, MIT/LANL
* Preparation for Stave and RU acceptance test, LBNL, UT-Austin

e MVTX Cost & Schedule Review — we are ready for full production
e July 29-30 @BNL
 WBS, PMP, Risk Registry, P6 being updated

Stave and RU production at CERN

e DOE Fund arrived at UTK
* Procurement paperwork in progress (any day from now if not done yet)

 CERN is ready to proceed with stave production
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SPHE@Very Successful Test Beam @Fermilab samtec: 11.4m
5/20-25, 6/17-22, 2019 -stave telescope (2.6m+8.8m)

- 1 fully functioning
e 4 staves 9-chip stave;
- 3 staves with a few — RU-1: 3 staves
* 2 RUv1.1 broken sensors 5m SamTec \
120GeV p-beam
1 PU 10kHz (30kHz2) Data & Control
* 1 FELIX Server + RCDAQ Jeam ntensity: Beam Trigger Timing & Trigger
30k ~ 120k ppp > —
* SPHENIX GTM GTM

e 11.4m Custom SamTec Cable

] I I
Negative pressured cooling for staves Online Monitoring

A full system with final sensor/readout® hardware:
e Multi-Stave + Multi-RU -> FELIX readout demonstrated

SPHENIX GTM integrated

Long readout SamTec cable certified
Cooling system demonstrated

RUv1.1 identical to the final RUv2 electrically
7/8/19 MVTX Overvie
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2019 MVTX Test Setup

Stave housing sits on a motion table which can T

be moved in (x, y) plane perpendicular to the (o F =
nominal beam direction. It can also be rotated EEE ‘/ /;;
(+40, -40) degrees (see photo on right). -~ et

Operation was done at counting house.
7/8/19




sPHERg Detector Misalignment, Hit Spatial Resolution

Typically staves offset by,
Horizontally: 20 x 30um = 600 um
Vertically: 5 x 30 um = 150 um

3

stave E103 = +12
stave C105 = +21
stave C104 = -22

-
o

|T|T|'|'|'| IIIII|'|T|) IIIII|T|I_ T TTTITH

Hit spatial resolution:

-
o
,

| llll|,|_|,| ] llllI,I,I] L LI1N

peak_sigma_core = 0.55 (pixel size ) =15 um
Chip spatial resolution = 15/sqrt(2) = 11 um

0

1 g I l ) m l ’ ) ) l ’ ’ . ' § 1 1 1 1 1 1 1 1
— = 00 o] 00 400
— stave E103 =-10 - maan iche AN
B stave C105 = +5 =
0" = stave C104 =5 -
0w _E E_
= = Delta_X/Y
1w E— _g
N N Ref plane
Ll N 1 1 N
10 300 900
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SPHE ,X’ Offline analysis in progress: all TB data in RCF

https://wiki.bnl.gov/sPHENIX/index.php/MAPS-based_Vertex_Detector_(MVTX) Beam angle: 0

(eta ~0)
Run 907, Number of Events: 37055

p——

i
I\/IVTX4 Stave elesp/ ‘“‘!“‘ gl" éi

. L4 - -
S —
N .

wk "
\ /e -—J—;:,; 3 by = : " s : \
4 | '\ ) ol om0 3
| me

/
/
2y
—§ -

N P %
118 = . =5
SRR e e

/ K11 - . =
1

PR

Beam angle: 40
(eta ~1)

g
o=
g

Run 893, Number of Events: 228470
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) Offline Analysis: Cluster size vs Angle
Run 968, normal angle

Cluster Size

7/8/19

~2.4

I TTTT

I IHIIIII
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10°

I llll”ll

10°

I llllllll

l

10

T
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h1d_clus_size

Entries 3442127
Mean 2.427
Std Dev 1.704

5
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-fx)  Offline Analysis: Cluster size vs Angle
Run , angle = 40

h1d clus_size

— Entries 453893
10° = Mean 3.045
= Std Dev  1.894
10° =
: S 10° =g
Cluster Size ~ 3.0 -
10% =
More work follows by Yasser, Sanghoon et al =
Everyone is welcome to join the effort! N
- Stave geometry 10
- Stave alignment =
- CIUStering 1—llll|llll|Illlllllllllllllllllllllllllllllllllllll
- Tracking 5 10 15 20 25 30 35 40 45 50

- Update MVTX MC response in GEANT
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-f) Confirmed New MVTX Long SamTec Readout Cables
8.8m + 2.6m =11.4m (10m desired for sSPHENIX; ALICE 8m cables)

MVTX Overview 14




»+@) MVTX Readout and Power Cable Route

ALICE ITS/IB final readout cables: ~8m

| J D
:
: SPHENIX MVTX: 7.9+m
e Il Cable-A: 1.4 m
Cable-B: 6.5+ m
Power cable:

BNL has approved “non-halogen free” cables for sSPHENIX Desired ~10m

7/8/19 MVTX Overview
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=€) MVTX Goals — the 2" TB, 6/17-22, 2019

* Test and confirm optimal MVTX operation parameters for sSPHENIX
* Threshold scan, analogy shaping time etc.
 Study chip hit efficiency vs trigger(strobe) latency

e dT=1~10uS

* Parameters predetermined from laser scan at LANL, in good progress
* Single chip readout with MOSAIC with pulsed laser (~MIP)

* Threshold and noise
* Analogy shaping time
e Strobe delay and length

7/8/19

I
Pixel analog Front end Ix Multi event

AV=Q/C

Vh

OUT A

~2 us peaking time

OouT D '
hreshold e

[N

buffer

ATE

T 1
e 230 aF | -
| | PIX_IN OUT_A >_ >
L
‘ : ouUT_D
2= Collectio Hit Storage
t(:lode Latch

5-10 us

|
t> 100 us

STROBE H

>t

MVTX Overview
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~+€)  ALPIDE Sensor Operation Optimization

N Pixels / Event

“ALICE Default Settings”

Strobe Delay

VPULSEH = 170
VPULSEL = 100
VRESETP = 147
VCASN =50
VCASP =86
VCASN2 =57
VCLIP=0
IDB =29
IBIAS =64
ITHR =50

........................................................

R I

.....................................................

et

1

7/8/19

2 3 4

SPHENIX Trigger Latency ~ 4.7uS

5 6 7
Time [us]

N Pixels / Event

“Stretched Settings” for sPHENIX trigger study

MAX: 64 cells x 106nS = 6.8uS

Strobe Delay

10

VPULSEH =170
VPULSEL = 100
VRESETP = 147
VCASN =50
VCASP =86
VCASN2 =57
VCLIP =0
IDB =29
IBIAS =44
ITHR =21

MVTX Overview

SPHENIX Trigger Latency ~ 6.8uS

8 10 12 14
Time [us]
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ﬁ Study MAPS Performance
with Pulsed Laser @LAN

* Inject “MIP” signal, focused laser beam
e 850 nm laser, 4ns wide pulse, ~1 MIP

e 50kHz trigger
* Find optimal MAPS operating parameters

= 3
- B

£

TX Overview




""""Va® Laser Scan Data — Pixel Hit Efficiency vs Trigger Delay

Strobe Delay

- One of “Stretched Settings” for sSPHENIX trigger
AP MAX: 64 cells x 106nS = 6.8uS
Qs R - N N S
e Strobe Delay
- lo 2 n 3 8 10 12 ‘l_"mwl?]
QS:‘) L
& — Pixel (Row-Col) — 337_622
2 1= ' % ——— 337_621
S —
9 I I s W S N e s 338 625
Z 0_8 | JJU_UHJ
- - 338624
0.6
— T N e 338_622
0.4 — VPULSEH = 170
L VPULSEL = 100
0.2 — VRESETP = 147
- VCASN = 50
0l VCASP = 86
— VCASN2 = 57
02 — VCLIP =0
. — IDB =29 ~47 us
— IBIAS = 44 .
0.4 ITHR =21 SPHENIX Trigger latency
L | | l | | | | | |
0 2 4 6 8 10 12 14

Time [us]



)
H@ Run Types — Details being documented in MVTX wiki

From Xiaochun

Run0978

Run0877

Run1040

7/8/19 MVTX Overview 20



< C @

£+ Most Visited @ Getting Started ) MAPS-based Vertex.. (3 MVTX Technical De... A} sphenix-mvtx - GitLab @ Intro | SPHENIX Coll...

PH ENIX

navigation
= Main page
= Community portal
= Current events
= Recent changes
= Random page
= Help

sphenix detector
= Magnet
= EMCAL
= HCAL
= Tracking
=« TPC
= MVTX
u INTT
= Electronics
= Beam tests
= Software

collaboration
» Meetings
= Listservers
= Document database

search

Search

Go Search

tools

= What links here
= Related changes
= Upload file

= Special pages

= Printable version
= Permanent link
= Page information

page discussion

LongRunList
[edit]

pKey run time

1 0831

2 0847

3 5-20-2019
19:34:37
5-20-2019

& L 19:34:37
5-20-2019

- i 19:34:37
5-20-2019

g o= 19:34:37
5-20-2019

g b 19:34:37
5-20-2019

- = 19:34:37
5-20-2019
19:34:37

® @ https://wiki.bnl.gov/sPHENIX/index.php/LongRunList

edit history move

Beam
Angle

1095.5

1095.5

1095.5

1095.5

1095.5

1095.5

1095.5

tableX (mm)

watch

tableY (mm)

2701

270.1

270.1

2701

270.1

2701

270.1

beamEnergy
(GeV)
120 Proton
120 Proton
120 Proton
120 Proton
120 Proton
120 Proton
120 Proton

beamParticle

Data run-log in sSPHENIX Wiki,
Nice work by Xiaochun et al. @GSU

80%

* Jin’s test beam analysis framework
Offline analysis in progress

v @

2 Sphenix

talk preferences wat

eventDisplay



sSPHENRIIX
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SPHENIX:

MVTX

MVTX Schedules and Milestones
in progress (3/2019

* CD1/3a

*

15t collisions

k Ready for beam;
sPHENIX day-1 run

tall half barrels
@sPHENIX IR

issioning @BNL

* PD2/3 * Installation
%  Stave & RU —>
d " FELIX
production production
>
Detector mechanics design & production, [global interface to sPHENIX
End Wheels
dvss "
Global integration Service barrel 1
Jinterface design design & production
Barrel Assembly & Testing @LBNL % Ins
—
Half barrel #1
= —>
Power system Half barrel #2
production Half barrels
> arrive @BNL

design & procure . >
interfacge to Design & procure MVTX installation & comm

sPHENIX rails SPHENIX rails RU, FELIX, PS, cables etc.

MVTX Overview




&) MVTX experts help ALICE/ITS — to help us!

Dave’s talk
from Monday
The ALICE ITS lab at CERN Q
1X
~ sPHENIX collaborators — MIT students and postdocs — at CERN developing
L ALICE ITS detector control and quality monitoring software for the ALICE ITS. Part of
ITS surface Commissioning now: f l? # - sPHENIX contribution to ITS production, validates appropriateness of
| Sl . sPHENIX as CERN recog. exp't.
~ May 2020 Wi £ = - 7

L

- Great opportunity to learn about
ITS/MVTX detectors

- Training on technical details

- Developing tools

- Build up operation experience

of ITS IB design, to be shipped to BNL.

7/8/19 MVTX Overview 23



Q Summary

* Completed essential R&D for readout integration
* Full 9-chip stave readout per RU
* Multi-RU readout per FELIX
* Long readout cables
* SPHENIX GTM

* Completed preliminary mechanical design

* Improve MC detector response, clustering — in progress
e Calibration data with incident angles, 0, 10,20,30,40,45

e Stave and RU production at CERN - in good progress
e MVTX Cost & Schedule review, July 29-30 @BNL

We are ready for the full production and the physics! sy

7/8/19 MVTX Overview Q/ Bron 8
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<) R&D Highlights

* Very successful TB at Fermilab, 5/13-25, 2019

e Confirmed the long 11.4m SamTec readout cable
e Confirmed the full stave readout

* Confirmed multi-RU readout per FELIX

e Confirmed sPHENIX GTM with FELIX

» A 2" TB, study optimal MAPS operation points
* Parasitic with INTT+TPC, 6/17-21

* Preliminary mechanical design developed
* To prototype CYSS and Layer-2 End-Wheel this summer
* France, Italy, CERN, contacted and under discussion

* Improve MC detector response, clustering —in progress
* Took calibration data with incident angles, 0, 10,20,30,40,45

» TB later at LBNL/LANL — in preparation
e Scan stave material budget with 50MeV p-beam

e 8-stave + 8-RU +1-PU + 1-FELIX + 1-GTM + RCDAQ, the full complete readout chain

e Hardware will be available soon

7/8/19 MVTX Overview



=£) Monolithic Active Pixel Sensors (MAPS)

The Next-Generation, State-of-the-Art Pixel Tracker

Advantages of ALICE PIxel DEtector (ALPIDE) sensor: Flexible Printed Circuit(FPC)
* Very fine pitch (27um x 29um), for superb spatial resolution

* High efficiency (>99%) and low noise (<10°), for excellent tracking

* Time resolution, as low as ~5 ps, for less pileup

9 Chips

* Ultra-thin/low mass, 50um (~0.3% X,), for less multiple scatterings

* 0.5M channels with on-pixel digitization, for zero-suppression and fast readout

Cold plate

* Low power dissipation, 40mW/cm?, for minimal service materials

An ideal detector for QGP physics! A 9_Ch|p MAPS stave, 1.5cm x 27¢cm
ALPI DE dESign g}g;é TRAm?SSTOR / mm?«fm
S} i Tower Jazz 0.18 pm CMOS ALPIDE sensor:
LL NWELL

* feature size 180 nm

T

\ DEEPPWELL
oo, e ST * metallayers 6
Te L
50 um S M . gateoxide  3nm
1 el N
e { >
o . .
Epitaxial Layer P- %, h..% substrate: N, ~ 10

epitaxial layer: N, ~ 10%
deep p-well: N, ~10%
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ﬁ MVTX Full Readout Chain Demonstrated (3/2018)

Server Run 114 - L0 - dz
......................................... 15"‘I"'I"'I"'I"'I"'I"'I"'I"'IIII

Fire Fly Cable Fiber Fiber v 5 2 (2= 0.005 £ 0.000]

' ' 10 G4, =0.116 +0.0003

<oz clock |‘ 40Mhz clock : " ! ] ]

f(;::'i':spe Contro ‘ﬂr_ Brzlaie;ut _* RCDAQ| ; 02k ﬁ §
Gigabit data RU Gigabit data ; FELIX Disk Ppoftwarg l:

> Box ' . 10°g 3

Control {USBI I T T ooy .- 10_5;_ ;

10‘.“1;'“_'8"'.'6“'.2' .‘2"/'0"‘2 e

track dz [npixels]

PC Tracking spatial resolution

Fermilab Test Beam: Feb-Mar, 2018 achieved: <5 um
4 ] "

120 GeV proton 4-hit track
beam

4-MAPS telescope
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a¢ FTBF_Status X £t Accelerator Divi

B l_é C ©® ® www-bd.fnal.gov/synoptic/display/MTest/FTBF_Status e @ W v N @ =
=S Q Most Visited ‘, Getting Started @ MAPS-based Vertex... (3 MVTX Technical De... V sphenix-mvtx - GitLab
09:04:12
FTBF Status
MTest Mode: Proton
53 e 1
|... now m Im Gas ] premm =1 (o] (=) I
Beam Direction ' |Non Muon Hodé Area | — [ =] =] =] =] =] =] =] =] =] =] =] =] <] =] =]=]«=
Switchyard CDC q =] =8] — _
rrrrr e pep— ¥ - Eﬂ*
MTPRICDC @ 3 I MT6.2C + T6.2D I
Cerenkov MT6E.1A MT6.1B -
MT4 Pb Sheet \ I //7 =
OUT of aeg ) Brord _ =
»-- o e - = Tl == == =
ngg > == El=l=l=I=1=1=]
R EEEEEEEEEE = ==

MT6SC1 MT6S5C2 MT65C3

14926 Cnts 14230 Cnts 12985 Cnts 13786 Cnts

Scintillator Counters

MT65C4

Cherenkov Parameters Please request intensity from the MCR using F:MTSCL5

Pinhole Collimators

— SC1+5C2+SC3+Spill (F:MTSCLS) 12388 Cnts

TTL Timing

NIM Timing Marks MWPC Tr.iggers 4577 Cnts

MT6 Environment Exper-iment Tr-iggers 137%3 gnts
MCenter Environment NEX t S p-i 1 1
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sSPHENRIIX

4-stave

Telescope

120GeV p-beam

Negative
Pressure Cooling

Motion Table | . ... Uy System
(X,Y,Phi) *
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ﬁ The Team @Fermilab

Data taking shift in the evenings: 7PM — 7AM
Beam: every other Monday —Friday 8:00AM — 8AM

Matt, Hubert, Cameron, Gerd, Zongze,
Xuan, Xiaochun, photo by Ming
Sho, AlexT

Not shown: Sanghoon, Yasser, Martin, Walt,
Abel. Chris ...
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First Collision Signals

ktop Viewer

T TAE THE

L maps@mytx-nuc /git/RUVL-Test-sync 2018-08/software/py
) BRARD, £3633A,0,1.7-5.0-1.0
3,000 A, OVP ENABLED @ 22.0 ¥ 007 ENABLED @ 22.0 A
?eadbacks 12.001220 V 2.855848 A, OVP O (]
i y 2 - i ut e o st
| ol Seatus
'““”“"//“, A \

1L the DAQ (takes 3 fev

Beam position & profile

nt_external

W2 3 ark run ond e
reneber the

meen/telix/dagsfol
Pts/open file. (e

‘\\\\\\\

W




Staves, RUs, PU etc.
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Coollng NAE ,.
_ hegative pressure
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sPHEIX

When MAPS
parameters off the |
optimal point, less hits
collected
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5
Ble Edt View Optons Tools

: 1
Run 1114, Number of Events: 12000

Stave £103

T
‘stave E103 = 0.00
S = 0.00

stave A10S

Stave E103 « -6

slave C

stave C104

3

Stave A103

Ps@localhost online mo ls
=T C Makefile mvtx.cc cameron
- srcom, root onitor.tar.qz mvtx dict.c
N X ~rget hitrate.c mvtx.cc mvtx dict.h
iy -rget hitrate.c~ mvtx,cc backup mv h
mvtx.cc backup2 VtxLinkDef . h
mvtx.cc backup 5 22 19 WIX.Makefile
["u[)ﬁ‘ll()t-llho’.l online r'onxtonngls vim Scripts/run O
[maps ilocalhost online monitor ingls ]

build : bash - Konsole

File  Edit view Bookmarks
Run 1113 i

Settings Help

fun_985 stave
t buildl$ daq end

C1

$ daq begin

b daq_begin



sPHERNIX

No hits seen when
MAPS parameters far-
off the optimal point
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MVTX online monitor

File Edl View Options Tools

Run 1118, Number of Events: 200001

Stave €103
S

—p———— T T “Wtave E103 % 0.00
€108 = 0.00
C104 » 0.00
o A105 = 0.00

stave E103 « -34

Stave C104 = 35

slave E103 « 32
Stave C104 « -1

Stsve Aves

trigger-handler configure-to-send pulses

toring

/1

stbenchl

L Lus cen iy

#EncC1l
ta format)
PY powerunit log-values I8s (0,1,2,3)

istering=0, #disat
MatrixROSpeed=1,
IBSeriall inkSpeed=Links
EnSkewGlobalsignals=1,
EnSkewstartReadout=1,
EnReadoutClockGating=1

EnReadoutFromcMu
flush()

43800C writ ten

speed,

self.rdo dctrl,

)
base2.py* 10421 .

testbench

s
Bl Terming

vaEmbed

i P.txt (~/Git/RUVI_T
W build : bash - Konsole

174

A Mvbx-nuc:1 (maps) - Remote

B online_monitoring

bash - K

X MVTX online m,

onitoring B online_monitorin

g - bash - Ko ol
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Installation
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sSPHENRIIX

3-D event Display: p+Pb collision

Tracks

z Pos. [cm]
[ [
& -

S
|III|III|III|III|III|

(o]

N
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T ‘ !
5000

1 1 1 1 1 l 1 1 | ‘ 1 1 1 \ O |
52‘00 5400 5600 5800

MVTX Overview

Cameron

1 1 l
6200
x Pos. [Pixel]
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09 Offline Analysis: Cluster size vs Angle

Run 877, angle — 30 dgr

Staver, Chipo

Cluster Size = 2.7

7/8/19

Staveo, Chips

Staver, Chip?

Staver, Chips

HTTT

\Jll\\II‘\II\‘II\\]II\I'[\\II\JII‘III\‘I\\J|I\\I

hid clus size

Entries
Mean
Std Dev

431626
AL
1.797

MVTX Overview
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sSPHENRIIX

MVTX — Half Detector

TrrisrisrraTaa

A2 !‘"

a 2 MVTX Overview 40



