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Overview of Intermediate Silicon Tracker (INTT)

. Inner ladders: 12 x 2
T Quter ladders: 16 x 2
. Total: 56

Cross-section of

the INTT barrel
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Configuration

in SPHENIX

7.732 cm
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Layer Total
Ladders

BOLO 12
BOL1 12
B1LO 16
B1L1 16




Overview of Intermediate Silicon Tracker (INTT)

Silicon Strip Sensor: Detector Requirements

« Very fine pitch (9.984/128 = 78 um in ) Bl onte sen el el oo | e : ;
for good spatial resolution : ; - | % | - | w0 | 2 | 20 L og0 | 220
. - ) 1a (Inner) 71.88 1.37 12 0 53 0 0.60 31.15 0.40 1.10
* ngh efflCIenCy (>99%) and |OW noise 1b (Outer) 77.32 1.31 12 0 49 0 3.80 31.15 0.40 1.10
for excellent tracking 2 - - 32 - 100 2 2.22 83.07 0.80 2.20
. Exce”ent tlme reSO|ut|0n [_20 nS, 60 no‘lZa(Inner) 96.80 1.12 16 0 53 0 0.60 41.53 0.40 1.10
] JZ’D (Outer) 102.62 1.07 16 0 49 0 3.12 41.53 0.40 1.10
for no pl |eu p Total - - 56 - = 100 11.22 145.37 1.60 4.40

« Thin-sensor/low mass, 320 um (~0.34% X,),
for less multiple scattering

Stave: Carbon-Fiber-Support

Sensor-A = r SIDIENM PE1-L 007N

i

T g ks TSI

Ladder Mass Produc’ti: done ( March 15, 2022): 120 ladders, 56 needed




Status and Highlights: INTT Construction

INTT Constr
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Half Ladder Good Calibration Test Result
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Silicon Sensor



Status and Highlights: INTT Construction

Barrel ladders were fully tested one-by-one successfully: working channels > 99.9%

Harware Componenents Calibration Test Survey, Cooling, and Grounding

Ladder Name o st Current Glue TC Cooling Grounding |Conversion| Pulse Barrel
Ladder South/North | South/North TATS SAISB TAMTE Connector Test Confirmed | Cable SIN Test Status
Position [Celsluz] Celslus
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Cooling Rack: LV/HV/Noise
System Filters

-
L

Each Iadder/barrel Was surveyed% Ideal Geometry for day 1 ph
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Integration of the Two INTT Halves in the Lab

1. Inspect Fixture e 2. Attach to INTT

Pick Points

Detachable
/Adjustable

Tube Linear Bearings

e« 3. Pickup INTT




Integration of the Two INTT Halves in the Lab

e

Step 1:
. Equivalent weight
,f half: 63 Ibs each

Real detector
half: 50 Ibs each

October 20, 2022 [{ES>
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Step 2:
Real detector
half: 50 |Ibs each

October 20, 2022 JiiG5

p—

Equivalent weight
4 half: 63 Ibs each

Integration of the Two INTT Halves in the Lab

. Equivalent weight half: 63 Ibs each
' A w
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Integration of the Two INTT Halves in the Lab

—
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Step 2:
Real detector
half: 50 |Ibs each

October 20, 2022 k&

Equivalent weight
f‘fA half: 63 Ibs each

| Equivalent weight half: 63 Ibs each




Integrahon of the Two INTT Halves: Real Detector

M Real detector
half: 50 Ibs each |

The INTT two halves closed
successfully

\ ‘0/



INT T Readout System Upgrade
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F\V T X Readout Chain

|
FEM | data’ | SEB
- .

Front End Modul
on = oaHie Data Collection Module-II

e

Slow control

Readout Card

FEM-Interface Board

FVTX FEM-
;i? Silicon Module Slow control

Photo by Kazuma Fuiiki



INT T-Felix Readout Chain

Readout Card

INTT
Silicon Module

oata

Slow control

100+ Gigabit

F e | i X Crossbar

Switch

DAM* kernel driver

GTM

Felix is the readout card developed by ATLAS group,
which allows stream readout. MVTX, INTT, and TPC are
to be readout by Felix in sPHENIX. 16



L oad Map of Felix Development

« Single Felix

« Single ROC

« Single Ladder

Fe“X * In house custom DAQ runs on EBDC

« Save data in Hard disk in custom format

|

DAM* kernel driver

EBDC

17



Consistency Between Two Readout Systems

The results from the FELIX system are consistent with FEM’s.

chip_id==1  —Fm | chip_id==1 | —Ffem | chip_id==2  —Fem
- — FELIX — FELIX — FELIX
450, 10°F bl e Bt SEE At |
4oo : 1200;;—— .
| o
sopnd il murofredioss |-FELIX
: [ 800
250/ —
10°} ;
200/ : %001
150 : 400
1001 10} ‘ | 7 |
50 — 200
% ‘210143'30:“;“33‘160‘150 e 3~4’c§ 20 30 0 50 80
Channel dist. ADC dist. mplitude dist.

18

Comparison by Genki Nukazuka



L oad Map of Felix Development

« Single Felix

‘ « Single ROC

Multiple Ladder

Fe”X e In house custom DAQ runs on EBDC
« Save data in Hard disk in custom format

DAM* kernel driver

Slow control

EBDC

19
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L oad Map of Felix Development

« Single Felix
‘ « Double ROCs
« Multiple Ladder
slow eontrel Fe”X « In house custom DAQ runs on EBDC
e Save data in Hard disk in custom format

DAM* kernel driver

EBDC

22



23

In house custom DAQ runs on EBDC
e Save data in Hard disk in custom format

-
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DAM* kernel driver
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Slow control

data >

Slow control

0 of Felix Development
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L oad Map of Felix Development
X 8

100+ Gigabit

‘ Crossbar decorder

Slow control . Switch
Felix

|

DAM* kernel driver

rcdaqg : sSPHENIX DAQ system

FBDC ¢t

Expert GUI
by Hikaru Imai

Database

Cheng-Wei (NCU) & Hikaru (Rikkyo)
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INTT LV Control Flow (as of now)

1008 Control Room
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INTT Power «

Mai Watanabe (NWU)
FPHX Power
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Wei—he Tang (NCU)
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INTT Power Control System Load map

Protocol Communication 1008 Person in
w/ KepServer | Channel Map Charge
JAN
Bias SNMP Steve can read, ? X Wei-Che

but cannot write

LV Distributor

(ROC. FPHX) Encap Serial O O JAN Mai
O
FPHX Power ? Steve installed ? X Wei-Che

firmware

21
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sPHENIX Installation Status

““Insta atlcﬂﬁﬁ'ﬁwges fOT R
_m?. |

BT[N S/

D tect . TPOT mstéuj_. -

: All 64 EI\/ICaI Sectors mstalled nsP
o E?,ost installation testin testmg found 1 bad-¢
' .24 0005 /ﬂ

12/12/22 EOB @ sPHENIX Collaboration Meeting



sPHENIX Magnet Mapping Complete

4 Cgi'N Tearifiifront of SPHENIX detector w/ + We performed multiple

. A _ successful maps to full field
Jmagnet mapper installed W% 4 and recorded a baseline full

- )\ /
TR
.-
» 7,
4 3
& /

1 G X 7 field map, a finer granularity
i s g - - \, map and a 50% field map.

The measured field matched
the simulation prediction to
high accuracy.

B-Field at TPC location = 1.4T

the B-field rows (Bx, By, Bz) :

BValT =-1.411592, 0.004703, 0.005511
BValT =-1.401875,[0.004362, 0.005242
BValT = -1.397893, 10.002913, 0.009079
BValT =-1.399307,[0.003422, 0.009062
BValT = -1.406711, 0.006496, 0.008555
BValT = -1.409695, 10.008401, 0.008233
BValT =-1.394770,0.005816, 0.008268
—— BValT = -1.396441,10.005674, 0.008015
‘/ BValT =-1.403802, }-0.002153, 0.009974
BValT =-1.410893,}-0.000813, 0.008565
BValT = -1.395020, 0.001417, 0.005830
12/12/22 sPHENIX Collaboration Meeting BValT =-1.402785,}0.007759, 0.006783




Other |&F Highlights

SC-Magnet water- 7‘!5’7//{’"" ’ g B —
coole\dntZLjs‘%upplying L Cable tray Thstallation ongoing
5000 a S«‘T CAD ,
achievemen

| Nk
» e W
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e N N
i

. Cabling of OHCal/IHCal
com plete.

~




-NIX TPC @ SBU

The sPHENIX TPC

 Fully instrumented w/
electronics

|s gas tight and filled

with the operating gas
mixture Ar/CF4

* Holds voltage

e LOW Nnoise
{l - No water leaks

Pk ° Sees cosmic rays
s ¢ ° Is Awesome !
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1008 Infrastructure & Facility Upgrade Status
* SC-Magnet cooled, ramped to full field many times, mapped
* HCal Installed. Cabling complete to racks
 EMCal completely installed. Cabling begun
 TPOT installation underway

* 33/36 instrumented racks installed in IR
* Two missing racks ready to install.
* Onerackin use at SBU
* Internal/external plumbing advanced.

* TPC testing near complete at SBU
 TPC installation in sSPHENIX in Jan
* Beam pipe installed in Feb

* IRRin Feb

e Silicon detectors installed in Mar

* Trigger detectors (small) Mar-Apr

* Majority of remaining work installation/cabling/plumbing
o 2/12/22 sPHENIX Collaboration Meeting 33



SsPHENIX silicon detectors @ BNL: IVIVTX

MVTX-1 | = MVTX-2

y

wgvpmels’
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y

.8/ 7
/ ).y
LA

MVTX installation tests ongoing at BNL

12/12/22 sPHENIX Collaboration Meeting
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Tasks to Go

Install/Cable/Plumb TPOT

Cable/Plumb EMCal

Install/Cable/Plumb TPC

Complete rack installation

Complete internal/external rack plumbing

Complete gas connections between Gas Mixing House & sPHENIX detector
Complete chiller platform. Plumb chiller lines to the detector
Complete safety systems (smoke detection)

Install/Bake out beam pipe

Install/Cable/Plumb INTT

Install/Cable/Plumb MVTX

Install/Cable MBD

Install/Cable sEPD



INTT Installation/Commissioning
e — LV/HV/Noise Filtersin IR (2 racks N and S)

—
. O

INTT power cables

Cable reference
needed
(available)

HV module-Filter ~ 1.5m 16 (16) 1(1)  REDELS (SAA.H51.LLAB1G)

HV Filter —ROC, trunk  10m 16 (0) 2(2) Belden 1050A 18 AWG 8 Pair Individually
Shielded/Overall Foil Shield Tray Cable 600V,
180 *2=360 m, $6.82 ft

HV Trunk— ROC, flex 2m 32 (32) 2 (15) RG-174, 36 m (*8) v" on hand
LV ROC power, trunk  10m 16(0) 2 #14-25C THHN-PVC Shielded Tray v PO 420432

200 m => 700 ft > 1kft
AV ROC power, flex 2m 16(0) 2 #18-25C TRAYCONTROL Tray,

63055. 40 m =>150 ft
LV Chips power, trunk 11m 64(0) 4 #16-8 pair PVC jacket Shielded Tray Cable‘A a v' on hand

KC electronics P/N 6608SPOS, ADVANCED DIGITAL

CABLE Inc
800 m => 2700 ft

Lv Chips power, flex im 64(0) 4 #22-9pair BELDEN 9520 v’ PO 420432

100 m => 500 ft 36



Schedule Baseline

Tasks

Magnet Mapping

Nov 2022

3 wks

Dec 2022

Jan 2023

Feb 2023

Mar 2023

Apr 2023

Finish Install EMCal/Cable IHCAL

Install/Cable TPOT

Cable EMCal

Install/Cable TPC

Install/Bakeout Beampipe

Install/Cable INTT

Install/Cable MVTX

Install MBD

Ready for commissioning with
beam




Schedule Early Com

Oletior

Tasks

Magnet Mapping

Nov 2022

3wks

Dec 2022

Jan 2023

Feb 2023

Mar 2023

Apr 2023

Finish Install EMCal/Cable IHCAL

Install/Cable TPOT

Cable EMCal

Install/Cable TPC

Install/Bakeout Beampipe

Install/Cable INTT

Install/Cable MVTX

Install MBD

Ready for commissioning with
beam




Installation Commissioning Plan

Post Integration test in the Lab (Phy-lab 2-82): December/January

— After Integration of the two INTT halves in the lab, the INTT will be moved to the Si-Lab to be fully

tested with: —
» Final survey of the two INTT halves (done)
» Conversion cables (cable detector to ROC: 15 cm) (in progress)
» Simultaneous test of two ROCs with Felix readout (in progress)
» Cosmic-Data and offline Analysis

Pre-installation@IR: February 2023 —

These tasks moved from
commissioning in the IR to be

done in the lab. We developed
infrastructure in the Si- lab (many
thanks to Steve Boose).

—  Full INTT test at the sPHENIX-IR assembly hall using INTT bench test: LV/HV/DAQ rack

Installation@IR: March 17, 2023
Post-installation@IR:
INTT integration in the IR: using SPHENIX infrastructure @IR
— Installation ROCs, optical cables ROCs-IR rack
— Cooling powered
— LV/HV racks powered
— Electrical test of barrels North and South (pulse test calibration)




INTT Team

Thank you for your contributions to the INTT Barrel construction and testing!
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Felix Readout

The new DAQ for the Felix system
at the silicon lab.

% & W K 0 8 1

Easy LV | HV
Seral Number: 1287029
System Femware: MPOO 2.1.5131.0
WIENER MPOD - 1287029 ‘Fa
b EORFQ - 741570 - slot ©
P~ EORFO - 743860 - slot 1

All operations (DAQ, HV, LV) were driven in the new Felix server at the silicon lab.



Felix Readout

ladder Calibration, B1L000S

Amplitude

ch
Amplitude
#count e
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