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Quark Gluon Plasma (QGP)

* Extremely hot and dense state of matter.

* Produced at very high temperature(10!2K) and density (1GeV/fm3) where nuclear matter
get deconfined.

* Existed few microsecond after Big Bang.

Big  quark-gluon proton & neutron formation of formation of star dispersion of today
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Jets

* (Collimated beams of high momentum particles produced due to partonic
fragmentation in collision.

Jets in p+p Collision

Jets in Heavy lon Collision

» Jet particles loose energy into QGP and modifies the final energy.
» Study modification of jet energy comparing to p-p collision.
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RHIC: Relativistic Heavy Ion Collider

* QGP machine located in Upton, New York.

* (Capable of colliding many different atomic nuclei at different center of mass energies.
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sPHENIX — A Jet Detector R
Upgrade to PHENIX. = ‘
Full 2 acceptance in Azimuth.
Pseudorapidity coverage |n|<1.1
Capable of full jet reconstruction.
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SPHENIX — A Jet Detector

SPHENIX Components
-Hadronic Calorimeter
- Solenoid

- Magnet

- TPC
- MAPS
- EMCal

OUTERER HCAL

INNER HCAL FRAME

$»

GeorglaState HE 6

oS Ll /
Univer sity Uttam Acharya uacharyal@student.gsu.edu 10/06/19



sPHENIX — A Jet Detector
SPHENIX Components

-Hadronic Calorimeter
- Solenoid
- Magnet
- TPC
- MAPS

OUTER HCAL

INNER HCAL FRAME

HADRONIC CALORIMETER

Essential components for measuring energy of jets.
-Outer HCal:- Located outside the magnet.
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The Hadronic Calorimeter: Outer HCal

Critical for precision jet measurements.
e 32 Sectors.
* 48 tower per sectors.
5 scintillator tiles per tower.
1536 readout Tower (7680 SiPM’s).

Sector

Each sector has 10
rows with 8mm gap
between steel
absorber.

24 tiles per row.

240 tiles in each
sector.
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HCal Tiles

* Made by Uniplast.

* Mixture of Polystyrene,
Paraterphenyl, and
POPOP, wrapped by
Tedler.

* Wavelength shifting fiber
routes the scintillation
light to end of the tile
where it 1s collected by
SiPM’s.

12 different shapes of tiles F—
based on the particle
trajectory.

* The signal of every five
tiles 1s aggregated to form
a tower.
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Tile Inspection and Testing

Towerl

Tower 2

 Tiles within a tower need to have similar behavior.
e Need to be tested before installation into HCal.
*  Preliminary Test was done at Uniplast.

At GSU, we tested: Tile dimensions & Performance.
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Tile Inspection

Thickness Gauge
* Allow every tiles go through 8mm gap.
* Indicate those which do not go through it.

Dimension Tester
e Designed such that
dimension of all tiles
shape be easily measured.
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Tile Testing

* Test stand built at BNL.

« CAEN DT5702 FEB mounted on top to quantify
the signal.

» Test tiles by measuring response to the cosmic
rays.

* 10 Channels:- test 8 tiles at a time.

* Top and bottom tiles are reference tiles.

» Reference tiles allow us track the performance of
tile over the course of production.
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Pertformance Characterization

* Cosmic rays strike tiles, produce scintillation

light.

* Scintillation light is captured by SiPM and Chan_11_Soft_Trigger |
converted into an ADC count: forms the E —“Ejnrlﬁggﬁ‘somﬂ':’ej’?g
spectrum for all channels. [ Std Dev 296.5

[ v2/ndf  383.8/165
Constant 978 + 18.5
102 - MPV 692.6 + 2.2

« ADC spectra is fitted by Landau Distribution [ e
with its most probable value(MPV) used to sort [
tile’s performance. o

» Take average of the MPV’s of the reference
tiles and divide each test tile’s MPV by this 0 O 0 w0 w300
average called “Performance Ratio”. MPV

MPVie

Performance Ratio(PR)= (MPVror.)
Ref's
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Performance Characterization

Received 1560 tiles. (20%of total tiles).
e 12 tiles were used as reference tiles.

* Only 3 tiles were physically damaged.

Global Performance Distribution

Entries 1545

350

e Tested 1545 tiles.

300

* Used performance ratio(PR) to sort 2so
tiles in the tower.

Mean 1.007
Std Dev  0.2347

200
* Rejected tiles with PR < 0.8 e
- 27 tiles (1.74%). 100f
* Accepted Tiles PR >0.8 50
-1518 tiles (98.26%). E
0
\
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Summary and Outlook

1,560 of 7,680 tiles received, tested 1545 tiles. Few tiles failed the criteria of
tile selection.

* Tested tiles shipped to BNL and installed in HCal Sectors.

* Remaining tiles’ production and testing procedure has already started:- first
shipment of 94 boxes arrived at GSU for test.

* Estimate to finish tile testing in about 12 months in this pace.

* On track to meet the target of first test starting in 2023.
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Back Up



» Does tile have same response when the

REPRODUCIBILITY TEST =~

channel 1s changed?

» Want to reproduce the same response ﬁ | J I
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Std Dev  0.04249
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» Lab temperature changes by 2 degrees over a day.
» Distribution shows no specific trend in response to

temperature change. Data is flat.
Global Distribution

S~ 800 —5
S E MPVPIot
750 Entries 219 —14.5
— Mean x 22.15
700 Meany  518.8 —14
— Std Dev x 0.541
650 |StdDevy 27.24 135
600 — 3
- m
550 — - 25
500 :_ ] 2
450 [— = 1.5
400 — 1
350 — 0.5
300 :I 111 | 111 1 | 111 1 | 11 1 1 | 111 1 | 11 1 1 | 111 1 | 111 1 | 11 1 1 | 111 1 0
19 19.5 20 20.5 21 21.5 22 22.5 23 23.5 24
Temperature (C)
$r

G(‘()rglast(m\ Uttam Acharya uacharyal@student.gsu.edu

& i
University 10/14/19



* Performed Test by turning room lights on and off of the lab.
* Results were consistent.
 Lights makes no difference in performance of the tiles.
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