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Goal	of	sPHENIX
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The 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON

The Site of the Wright Brothers’ First Airplane Flight

https://science.energy.gov/~/media/np/nsac/pdf/
docs/nuclear_science_low_res.pdf

Goal	of	sPHENIX

�2

There are two central goals of measurements planned 

at RHIC, as it completes its scientific mission, and at the 

LHC: (1) Probe the inner workings of QGP by resolving 

its properties at shorter and shorter length scales. The 

complementarity of the two facilities is essential to this 

goal, as is a state-of-the-art jet detector at RHIC, called 

sPHENIX. (2) Map the phase diagram of QCD with 

experiments planned at RHIC.

https://science.energy.gov/~/media/np/nsac/pdf/
docs/nuclear_science_low_res.pdf
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Physics Motivation
• We have quantitative models for bulk properties of the QGP !!!

Nonaka 1204.4795
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Physics Motivation
• We have quantitative models for bulk properties of the QGP !!!

• We don’t yet understand its femto-scopic structure ! 

• Jet/Parton Transport & Heavy Quark Spectroscopy


• Coordinated Physics Programs at RHIC and LHC

? ?
Nonaka 1204.4795
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Detector Overview
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Hadronic Calorimeter

arxiv:1704.01461

Ron Soltz, LLNL — CIPANP 02-JUN-2018

Test Stand and Performance 
Studies of Scintillator Tiles for the 

sPHENIX Hadronic Calorimeter
 Megan Connors, for the sPHENIX Collaboration

Abstract 
 

sPHENIX is a planned upgrade at RHIC designed to measure jets and upsilons in 200 GeV Au+Au collisions. A crucial component to the detector design and the ability to accurately measure jets is the hadronic 
calorimeter (HCal). The sPHENIX HCal is located outside of the solenoid magnet and is composed of alternating layers of tapered steel plates and scintillator tiles. These layers are tilted in azimuth such that a particle 
coming directly from the interaction point will traverse 4 tiles. The extruded plastic tiles are embedded with a wavelength shifting fiber which directs the light produced by the energy deposited in the tile to SiPMs. 
This design has been shown to yield the energy resolution required by the sPHENIX physics program.  
 
It is crucial that the tiles behave uniformly, therefore, in preparation of the production phase of sPHENIX, a test stand for the tiles and a quality test has been developed to ensure the performance of the tiles prior to 
assembly. This poster will present the design of the tile test stand, the plans for production and testing of the tiles, in addition to showing studies of the tiles' response to cosmic rays using the test stand setup and 
their connection to the calibration of the detector.  
 
 
 Test Stand for QA During Production 

 
-Fit landau distributions from cosmic rays to monitor tile performance during production 
-Using a CAEN module DT5702 with 32 channels 
-GSU designed electronics to interface between CAEN and sPHENIX SiPM board 
-Pre-selected set of SiPMs set in holders that are tested prior to production 
-Modified GUI to specify pass/fail criteria to be used at production site 
-Store results in remotely accessible folder for monitoring 
-Plan to stack and test 8 tiles at a time and test for 15 minutes 

Calibration 
 

-In addition to QA, cosmic rays are used for 
calibration 
 
-Test stand performance for individual tiles 
can be used to group tiles into towers 
 
-Comic ray data collected within a sector 
assembly can be compared to MC to 
determine initial energy calibration   
 
-Plots shown here are from 2016 prototype 
analysis and were used for calibration 
 

Prototype Performance 
 

Summary 
 

-2018 Testbeam will conclude in June and results with tiles using planned production 
designs and electronics 
-Preliminary results for uniformity across tiles with embedded light blocker look good 
-2016 results are submitted for publication: arXiv:1704.01461 
-sPHENIX is preparing for construction and planningto start taking data at RHIC in 2022 
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Fig. 25: Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Inner HCal cosmic muon energy
deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom. Bottom towers energy
depositions are higher due to the tilted plate design where muons has to go through a longer path through the scintillating tiles.
(b) Measured raw ADC spectrum of cosmic MIP events in the inner HCal.
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Fig. 26: Hadron reconstruction in standalone HCal setup. Cali-
brated 4⇥4 tower energies were added together from inner and
outer HCal. The simulation is shown by the filled histogram and
the solid points are the data. Both are in good agreement. The
peak at the lower energies in the data corresponds to the small
fraction of muon events that MIP through the HCal, were not
simulated.

matches the expected resolution from simulations very well.847

The HCal was calibrated for hadronic showers and then used848

to measure electron showers. The electron resolution for the849

standalone HCal is 8.1 � 31.3%/

p
E. This demonstrates the850

HCal’s ability to assist the EMCal by measuring the electron851

energy leaking from the EMCal into HCal.852

As seen in Figure 27(b), the hadron energy response is853

well described by a linear fit where reconstructed energy is854

same as the input energy. The bottom panel shows the ratio855

between the reconstructed energy and the fit. The 4 GeV hadron856

measurement is poor due to the fact that the hadron peak is hard857

to distinguish because it is too close to muon MIP peak as seen858

in Figure 26. The electrons are described well with a second859

order polynomial due to non-linear e/h response.860

Figure 28 shows the HCal hEei/hE⇡i response. Data is861

compared with several different GEANT4 simulation setups by862

changing physics lists and Birk’s constants. Simulation with a863

Birk’s constant of 0.02 cm/MeV describes the data well.864

E. Hadron Measurement with sPHENIX configuration865

The full hadron measurement is done with the sPHENIX866

configuration, which includes all three segments of calorimeters867

including the EMCal in front of the HCal. In this configuration868

the total energy will be reconstructed by summing up the869

digitized data from both the EMCal and HCal. The development870

of hadronic showers is a complicated process with significant871

fluctuations of the reconstructed energy compared to electro-872

magnetic showers. Distinguishing the shower starting position873

helps to understand the longitudinal shower development fluc-874

tuations. Therefore, in this analysis, the events are sorted into875

three categories depending on their longitudinal shower profile:876

• HCALOUT: Events where hadron showers MIP through877

the EMCal and inner HCal. These showers are developed878

primarily in the outer HCal alone or MIP through the full879

calorimeter system. These events are shown as the blue880

curve in Figure 29.881

• HCAL: Events where hadron showers MIP through the882

EMCal. In these events, hadron showers start either in883

the inner HCal or outer HCal or MIP through all three884
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Fig. 3. A measurement of the linearity of the energy response for electrons
in the EMCal. A position dependent energy correction was applied to the
data using beam position information from the hodoscopes (black) and from
EMCal clusters (red). The bottom panel is the ratio of the measured energy
to the input energy of the beam.

well within the sPHENIX requirement of 15%/
p
E but this

is an idealized resolution for this detector since these clusters
are selected such that they hit the center of the tower which
is not realistic in the eventual sPHENIX environment.

For the 2016 test beam we relaxed the requirement that
the beam be centered on a tower and reported the energy
resolution which one would expect to achieve in the actual
sPHENIX experiment. However, when the requirement was re-
laxed for the 2017 prototype, which used the first 2D SPACAL
blocks ever produced, a degraded resolution was measured.
This effect is attributed to poor block boundaries that were
observed in the early production of the 2D SPACAL blocks.
Since improvements to the production of the 2D SPACAL
blocks have been achieved, a more accurate measurement
of the resolution for the expected sPHENIX performance is
expected in the 2018 prototype of with new blocks. While
the data and simulation show reasonable agreement, quantified
comparisons and conclusions from the 2017 test beam should
not be made until the test beam results of the improved 2018
prototype are measured.

V. 2017 HCAL PROTOTYPE PERFORMANCE

First, results for the hadronic calorimeters without the
EMCal in front are discussed. In the 2016 test beam, data
was only collected for the negative charged pions. In 2017
data was collected for both negative and positively charged
pions. Those results are shown in Figure 4. The data are
consistent with expectations from GEANT4 and indicate no
significant difference in the HCal response to positive and
negative charged particles.

To assess the sPHENIX calorimeter response to hadrons,
the energy resolution for pions with the all calorime-
ters in place is measured. Since the response de-
pends on where in the calorimeter the shower devel-
ops, the resolution for pions that start showering in the
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Fig. 4. The energy resolution for positive (black) and negatively charged
pions (red).
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Fig. 5. The energy resolution for hadrons which start showering in the EMCal
(black circles), inner HCal (red squares) and outer HCal (blue triangles).
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sPHENIX Hadronic Calorimeter (HCal) 
 

-sPHENIX is designed to measure jets in Heavy Ion collisions 
-The HCal measures the hadronic component of the jet energy 
-Two segments: the inner and outer Hcal located inside 
     and outside the solenoid magnet respectively 
-Covers 2π in azimuth and 1.1 in psuedorapidity  
-Outer HCal contains scintillator tiles between steel plates 

 -12 unique tile shapes and fiber routings along  
      the beam  direction 
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Fig. 8: LED response of a scintillation outer HCal tile with tile mapper scan data overlaid as black points. The numerical value
shown at each point is the normalized ratio of the LED response to the tile mapper response.
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Fig. 9: Outer HCal tile scan using 16 GeV pion beam. Average
ADC value in the tile plotted as a function of distance from
the SiPM. The points below 150 mm indicate an enhancement
close to the SiPM.

Parameter Units Inner/Outer HCal value
Inner radius (envelope) cm 116/182
Outer radius (envelope) cm 137/269
Material ASTM A36 Steel
Number of electronic channels (towers) 16
Absorber plate thickness at inner radius cm 1.02
Absorber plate thickness at outer radius cm 1.47
Total number of absorber plates 21
Tilt angle (relative to radius) degrees 32/12
Scintillator thickness cm 0.7
Gap thickness cm 0.85
Sampling fraction at inner radius 0.078/0.037
Sampling fraction at outer radius 0.060/0.028

TABLE III: Design parameters for the Hadronic Calorimeter
Prototype.

with SiPMs along the outer radius of the detector. The SiPMs307

from five tiles are connected to a preamplifier. This resulted308

in a total of 16 towers, 4 in � by 4 in ⌘, equipped with309

SiPM sensors, preamplifiers, and cables carrying the differential310

output of the preamplifiers to the digitizer system. Figure 10311

(a) shows the fully assembled inner HCal. Sixteen preamplifier312

boards corresponding to the 16 towers are visible. In order to313

make the whole system light tight, the front and back sides314

were covered with electrically conductive ABS/PVC plastic.315

This material quickly diverts damaging static charges if there316

is a buildup. Corners were sealed with light tight black tape. No317

light leaks were observed during the entire data taking period.318

Since the same bias voltage is supplied to all five SiPMs in a319

given tower, the SiPMs must be gain matched. The SiPMs are320

sorted and grouped to towers according to the manufacturer’s321

measurements. The SiPM sensors, preamplifiers, and cables are322

arranged on the outer radius of the inner HCal. The interface323

boards mounted on the side of the modules monitor the local324

temperatures and leakage currents, distribute the necessary volt-325

ages, and provide bias corrections for changes in temperature326

and leakage current.327

Figure 10 (b) shows the fully assembled outer HCal. The328

design of the outer HCal is similar to the inner HCal and the329

prototype likewise comprises 16 towers. However, since the330

absorber occupies considerably more radial space, in order to331

have a minimum thickness of 5.5�I a smaller tilt angle as noted332

in Table III is needed to preserve the four crossing geometry.333

The outer HCal SiPM sensors and electronics were arranged334

on the outer face of the detector, as seen in Figure 10 (b).335

IV. READOUT ELECTRONICS AND DATA ACQUISITION336

A. Overview337

A common electronics design has been chosen for the338

readout of the sPHENIX EMCal and HCal detectors using339

commercially available components. The design uses multiple340

Silicon Photomultipliers (SiPMs) from Hamamatsu as the opti-341

cal sensors to read out the calorimeters. Signals from the SiPMs342

associated with a calorimeter tower are passively summed,343

amplified, shaped, and differentially driven to a digitizer system344

located near the detector. The signals are continuously digitized345
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Fig. 26: Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Inner HCal cosmic muon energy
deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom. Bottom towers energy
depositions are higher due to the tilted plate design where muons have to go through a longer path through the scintillating tiles.
(b) Measured raw ADC spectrum of cosmic MIP events in the inner HCal.
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Fig. 27: Hadron reconstruction in standalone HCal setup. Cali-
brated 4⇥4 tower energies were added together from inner and
outer HCal. The simulation is shown by the filled histogram and
the solid points are the data. Both are in good agreement. The
peak at the lower energies in the data corresponds to the small
fraction of muon events that MIP through the HCal, were not
simulated.

in the EMCal, inner HCal, outer HCal or MIP through all903

three calorimeter systems.904

These event categories help diagnose each section of the905

calorimeters independently as well as understanding of the906

leakage variations, shower containment and longitudinal fluc-907

tuations depending their starting position. EMCal energy was908

balanced with respect to the HCal in a similar way described in909

the previous section. As expected, Figure 30 shows the fraction910

of HCAL or HCALOUT events increases as a function of beam911

energy. The peaks at the lower energy corresponds to the small912

fractions of muon events MIP through the calorimeters.913

The corresponding hadron resolution is shown in Fig-914

ure 31 (b). Data are fit in a similar manner with �E/E =915p
(�p/p)2 + a

2 + b

2
/E, i.e. with a fixed beam momentum916

spread term of �p/p ⇡ 2% subtracted from the constant917

term in quadrature. HCALOUT showers that MIPs through918

EMCAL and HCALIN has a resolution of 17.1 � 75.5%/

p
E.919

HCAL showers that MIPs through EMCAL has a resolu-920

tion of 14.5 � 74.9%/

p
E. A combined resolution of all921

the showers irrespective of their starting position (FULL) is922

13.5 � 64.9%/

p
E. Hadron resolution improves without the923

MIP cuts because it reduces the overall shower fluctuations.924

The linearity is shown in Figure 31 (a). The bottom panel925

shows the ratio of the measured energy and the corresponding926

fits. We normalize FULL reconstructed showers to the input927

energy. This results in the HCAL and HCALOUT reconstructed928

showers linearity slightly below the input energies, due to929

higher leakage in those event categories.930

VIII. CONCLUSIONS931

A prototype of the sPHENIX calorimeter system was suc-932

cessfully constructed and tested at the Fermilab Test Beam933

Facility with beam energies in the range of 1-32 GeV. The934

energy resolution and linearity of the EMCal and HCal were935

measured as a combined calorimeter system as well as in-936

dependently. The energy resolution of the HCal is found to937

be � E/E = 11.8% � 81.1%/

p
E for hadrons. The938

energy resolution of EMCal for electrons is 1.6%�12.7%/

p
E939

for EM showers that hit at the center of the tower and940

2.8% � 15.5%/

p
E without the position restriction. Part of941
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Fig. 31: Hadron (a) linearity and (b) resolution measured with combined EMCal+HCal (sPHENIX configuration) detector setup.
Three sets of data points corresponds to the event categories shown in Figure 30. The bottom panel of (a) shows the ratio of the
measured energy and corresponding fits.
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Full calorimeter system plots
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HCal prototypes satisfy the energy resolution requirement of less than 150%/√E 
 

Response consistent for both positive and negative pions 
  

Consistent with GEANT4 simulations  

2016.
mid1rapidity.

2017.
high1rapidity.

Other.uniformity.studies:.
.1Studies.of.2016..prototype.?les.indicated.excess.light.near.SiPM.
.1Light.blocker.embedded.in.?le.to.resolve.this.
.1Preliminary.results.indicate.no.excess.in.?les.with.embedded.blocker..

Light.blocker.in.?le.2016.prototype.response.across.length.of.?les.

Prototype construction Hadronic Calorimeter

paragraph. The relative positional accuracy of the points is 0.2-0.3 cm. The numbers show2494

the ratio of the average ADC value of the 16 GeV pion data to the average ADC value of2495

the LED scan for that position. Note that the same tile was not used the two studies and2496

the normalization is arbitrarily chosen so that the numerical values are near unity.2497

Most of the points have ratio values close to unity, indicating good agreement between the2498

16 GeV pion data and the LED data. The points close to the SiPM, which can be seen as2499

the red region in the upper left, show a downward trend in the ratio values, suggesting2500

that the intense bright spot in the LED data is not as significant in the 16 GeV pion data.2501

Additionally, the set of five points near 150 mm in the Y position and less than 200 mm2502

in the X position, are systematically lower than the LED data and their positions appear2503

to overlap the embedded WLS fiber. This is most likely due to the fact that, in the LED2504

scan, some of the light from the LED is captured directly by the fiber, so there is a modest2505

enhancement at the fiber that is not present in the 16 GeV pion data. Both sets of five inner2506

points, however, show a decreasing trend as the points get close to the SiPM.2507
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Figure 5.15: LED response of a scintillation Outer HCal tile with tile mapper scan data
overlaid as black points. The numerical value shown at each point is the normalized ratio of
the LED response to the tile mapper response.

Figure 5.16 shows the average ADC value for each scan position as a function of the dis-2508

tance from the SiPM. While the 16 GeV pion data do not show as much of an enhancement2509

near the SiPM as the LED scan, it can be seen that for points less than 15 cm away from the2510

SiPM that there is a strong rise in the average ADC as the distance to the SiPM decreases.2511

This is most likely due to the fact that some of the light in the fiber is carried in the cladding,2512

which has a very short attenuation length, and is therefore lost for most positions in the tile.2513

Studies of small double-ended scintillating tiles have indicated that up to 50% of the light2514

is carried in the cladding, though this is with LED light rather than scintillation light. Here2515

the results indicate that about 33% of the light is carried in the cladding. The area in which2516

more light is collected due to light being present in the cladding is of order 5 cm2 right2517

around the SiPM mounting, which is at the back of the calorimeter. The spatial density of2518

shower particles is lowest at the back of the calorimeter and therefore this small amount of2519

additional light has a negligible effect on the determination of the shower energy.2520
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GSU GUI 
■ Can be made slimmer

– Remove:
■ Basically everything but the 

“test run” button. 

■ Instant feed back on tile fit
– Also will have feedback on 

MPV and Sigma 

■ Tiles will be laid in order (e.g. tile 0 
will be the top tile). 

3/20/18 Anthony Hodges 6

• |𝜂|<1, 0<𝜑< 2𝜋


• 𝛥𝜂 x 𝛥𝜑 ≈ 0.1 x 0.1


• alternating scintillating tiles & steel absorber with SiPM 
readout


• 𝛥E/E ≤ 150% / √E (combined)


• 1,536 readout channels


• Manufactured by UNIPLAST Company, Russia


• Project Contact : J. LaJoie, ISU
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ElectroMagnetic Calorimeter
• |𝜂|<0.85 (may increase), 0<𝜑< 2𝜋


• 𝛥𝜂 x 𝛥𝜑 ≈ 0.025 x 0.025


• 2D projective (approximate)


• e/h separation > 100:1


• 𝛥E/E ≤ 16% E ⊕ 5%


• W/SciFi matrix with SiPM readout


• 2x256=18,432 readout channels


• Manufactured at UIUC


• Project Contact: C. Woody, BNL

Ron Soltz, LLNL — CIPANP 02-JUN-2018
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Combined linearity, resolution for testbeam prototype

arxiv:1704.01461



Time Projection Chamber
• |𝜂|<1.1, 0<r<78 cm 


• 4-Stage GEM Amplification


• 153,600 channel continuous 
readout w/ SAMPA chip


• 𝛥p/p ≤ 0.2% p


• 400 V/m, Ne:CF4 90:10


• Project Contact: T. 
Hemmick, SUNYSB

Ron Soltz, LLNL — CIPANP 02-JUN-2018

2

1.02  Time Projection Chamber (TPC)

May 23-25, 2018 sPHENIX DOE-SC CD-1/3A Review

• A next-generation TPC 
operated in continuous 
readout mode using Gas-
Electron Multiplier (GEM) 
avalanche w/ low Ion Back 
Flow (IBF).

• Front End Electronics (FEE) 
uses SAMPA chip (developed 
by ALICE experiment).

• Data Aggregation Module 
(DAM) uses the FELIX board 
(ATLAS experiment)

Charged Tracking in sPHENIX:
• TPC provides momentum-resolution



Si Strip Intermediate Tracker (INTT) 
MAPS 𝜇-Vertex Detector (MVTX)

• INTT


• |𝜂|<1.1, 0<𝜑< 2𝜋


• 200𝜇m-thick Si sensors, 
140/78/78/78 𝜇m strip widths


• 𝜎DCA<70𝜇m (x-y)


• Project Contact: Y. 
Yamaguchi RIKEN


• MVTX


• Upsilon & Heavy Flavor 
Tagging


• |𝜂|<1.1, 0<𝜑< 2𝜋, |z|<10cm


• 𝜎DCA<70𝜇m at pT=1GeV


• Project Contact: M. Liu, LANL

Ron Soltz, LLNL — CIPANP 02-JUN-2018

sPHENIX	INTT	Silicon	Intermediate	Tracker	
R&D	status

Yorito Yamaguchi, for the sPHENIX Collaboration
RIKEN BNL Research Center (RBRC)

1.	sPHENIX	tacking	system
sPHENIX	tracking	system	consists	of:
1. MVTX
2. INTT
3. TPC
from	inside	to	outside.

MVTX (pixel	x	3)TPC

INTT	(strip	x	4)

Required	performance	for	heavy	quark	and	
U(1s,2s,3s)	measurements
• Good	DCA	resolution:	sDCA<70µm	for	x-y	plane
• Good	mass	resolution:	sU(1s)<100MeV	for	p+p

2.	Intermediate	Silicon	Tracker	(INTT)
INTT	features
• Acceptance:	2p in	f &	|h|<1.1	with	|zvtx|<10cm	
• 4	layers	of	silicon	strip	ladders

ü L0	for	z-sensitive	&	L1,L2,L3	for	f-sensitive
ü 200µm-thick	Si	sensors	with	140	(L0),	78µm	(L1,L2,L3)	strip	

widths

3.	Prototype	INTT	module

4.	Test	beam	experiment@FNAL (T-1439)

5.	Other	important	tasks

Layer Radius
(mm)

Quantity
ladder

Angle
(deg)

Coverage
(%)

Overlap
(%)

Clearance
(mm)

L0 60 28 26 100 6.8 2.0
L1 80 28 22 100 2.9 2.5
L2 100 36 22 100 5.9 2.5
L3 120 44 22 100 7.9 2.5

• Fast	timing	readout	within	1BCLK	(=106ns)
ü Help	to	resolve	pile-up	events	with	high	collision	rate

• Reuse	of	readout	chips	&	electronics	for	PHENIX	Forward	Silicon	
Vertex	detector	(FVTX)

Si	ladderReadout	card	(ROC)

connect

Assembly	of	prototype	modules	for	L1,L2,L3	at	BNL
Si	sensors	(Hamamatsu)

+ =

High	Density	Interconnect
(Yamashita	Co.	&	REPIC) Prototype	module	

(half	ladder)

• 2	types	of	High	Density	Interconnects	(HDIs)
ü Solid	&	Mesh	layers	to	save	material	budget		

• 2	Si	sensors	on	HDI
ü Type-A:	2x8	&	Type-B:	2x5	segmented	sensors

T-1439:	INTT	test	experiment	at	MT6	test	area	in	FNAL
• INTT	telescope	

ü 3	prototype	ladders	for	L1,L2,L3
• Beam	conditions

1. 120GeV	proton	(primary	beam)
2. 10GeV	e-+p- (secondary	beam)
3. 1&2	with	lead	bricks

beam

INTT

MWPCs
(beam	monitor)

Scintillation	Counter
(trigger)

Test	setup	at	MT6	test	area

Telescope	with	3	ladders

• 120GeV	proton	beam	events	with	INTT	telescope

Chip26 Chip25 Chip24 Chip23 Chip22 Chip21 Chip20 Chip19 Chip18 Chip17 Chip16 Chip15 Chip14
Beam	focused	position
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• 1.2m-long	bus	extender	R&D
ü Combination	of	long	FPC	+	conversion	board		

Plan-B
• Multi-connection of a short FPC with fine with width

• Small FPC can be made with fine line width
• cable option instead of FPC

• Cable conversion board
• Integration team told 1.3m may be not enough
• Need to contact the connection easy

• +LURVH�FRQQHFWRU�LV�IUDJLOH��'RQbW�ZDQW�WR�SXW�LQ�RXW�PXOWLSOH�WLPH

• Conversion board should be small piece of PCB for each cable

INTT Bus-extender ROCConversion
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Conversion board: image

2017/7/28 Radiation lab. meeting, Takashi HACHIYA 12

• Carbon	stave	structure	with	high	thermal	conductivity	
• Mass	production	of	ladders	and	INTT	Integration

END	WHEELS

PATCH	PANEL ESTIMATED	TOTAL	MASS	HALF	
DETECTOR	1,100.0	grams

CONICAL	SECTION

Figure 43: MVTX Half-Barrel, with the three half-layers fixed to the end-wheels. The layout shown here is based on the ALICE
ITS IB design, but with extended cylindrical section for the INTT integration outside of the MVTX barrel.

of this will be a part of the MVTX integration proposal. This will allow more flexibility in a cage support
design for the MVTX. The service and support section for each half detector assembly will require a new
design for the services patch panels to allow for the interface of cables, cooling lines as well as dry air supply
to the detector. These will also have to make accommodations for positioning and alignment of the detector
as well as adequate fiducials to allow for final survey.

MIT and LANL will work with the carbon composite group at LBNL, as well as the group at CERN
producing the stave assemblies and CCSS components for the ALICE ITS, in order to accomplish all of these
goals. An extensive testing plan will need to be put in place to ensure that the final assembly will function
as required. MIT will lead the design of the cooling system for the detector section stave assemblies. The
current plan is to use a negative pressure water cooling system. This will be similar to the system being
designed for the ALICE ITS, adapted for the MVTX configuration. This design is being considered so
that if any unforeseen leak develops in the system, water will not drip on to other detector components and
possibly damage them. MIT will use CFD analysis to ensure that the cooling system will be adequate to
remove the small heat load produced for the stave assemblies. Figure 44 shows the proposed integrated
mechanical support system for the ALICE ITS inner tracking system that will be adopted for the MVTX
detector.

6.8 Mechanical integration
MIT will be leading the design and integration of the MVTX detector into the sPHENIX assembly. As

a part of the MVTX system there are multiple cables, water and air cooling tubes that will need to be run
from the detector barrel out to electronics and cooling plants external to the sPHENIX magnet. The type and
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Schedule

• sPHENIX origin story : began with 2012 PHENIX decadal plan by 
Morrison & Nagle 

Ron Soltz, LLNL — CIPANP 02-JUN-2018

Yesterday,	today	and	tomorrow	of	sPHENIX

�6

Collaboration officially formed    2015
We got CD-0                              2016
CD-1 review                               in 8 days
Installation at BNL                      2022
Data taking starts                     2023

Au+Au data acquisition at 15kHz for |z| < 10 cm
239B Au+Au MB events for 3 runs

CD (critical decision) steps are a series of 
formal milestones to materialize a big project. 

sPHENIX

Multi-year run plan for sPHENIX

• Guidance from ALD to think in terms of a multi-year run plan   
• Consistent with language in DOE CD-0 “mission need” document 
• Incorporates updated C-AD guidance now officially documented 
• Run plan relates to capabilities of full barrel detector 
• Incorporates commissioning time in first year

Minimum bias Au+Au at 15 kHz for |z| < 10 cm: 
47 billion (Year-1) + 96 billion (Year-2) + 96 billion (Year-3) = Total 239 billion events  

For topics with Level-1 selective trigger (e.g. high pT photons), one can sample within 
|z| < 10 cm a total of 550 billion events. One could consider sampling events over a 
wider z-vertex for calorimeter only measurements, 1.5 trillion events.  

 25

2018



sPHENIX 𝛾/jet RAA vs Reaction Plane

Ron Soltz, LLNL — CIPANP 02-JUN-2018

Jet Rates and Physics Reach Scientific Objective and Performance
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Figure 1.20: Demonstration of the statistical reach for azimuthally-sensitive hard probes
measurements in sPHENIX. Each panel shows the projected statistical uncertainty for the
RAA of inclusive jets and photons, with each a panel a different Df range with respect to the
reaction plane in 30–50% Au+Au events. sPHENIX would additionally have tremendous
statistical reach in the analogous charged hadron RAA.

observables in three orientation selections. One expects no orientation dependence for734

the direct photons and the question is whether the unexpectedly large dependence for735

charged hadrons persists in reconstructed jets up to the highest pT. Note that the same736

measurements can be made for beauty tagged jets, charged hadrons up to 50 GeV/c, and a737

full suite of correlation measurements including jet-jet, hadron-jet, g-jet.738

All measurements in heavy ion collisions are the result of emitted particles integrated739

over the entire time evolution of the reaction, covering a range of temperatures. Similar740

to the hydrodynamic model constraints, the theory modeling for jet probes requires a741

consistent temperature and scale dependent model of the quark-gluon plasma and is only742

well constrained by precision data through different temperature evolutions, as measured743

at RHIC and the LHC.744

28
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sPHENIX pT reach

Ron Soltz, LLNL — CIPANP 02-JUN-2018

arxiv:1501.06197_fig1.15 (bot)
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sPHENIX PID

Ron Soltz, LLNL — CIPANP 02-JUN-2018
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sPHENIX single jet/photon resolution

Ron Soltz, LLNL — CIPANP 02-JUN-2018
sPHENIX DOE-OPA CD-1/3A ReviewMay 23-25, 2018

Performance simulation: Jet and single photon resolution

10

UPP: 8%@ 15 GeV

Single photon resolution (central Au+Au)Single jet resolution (central Au+Au)

UPP: 150%/√pT

Calorimeter-related performance studied using GEANT 
simulations verified with test beam data

sPHENIX CDR



sPHENIX Upsilon

Ron Soltz, LLNL — CIPANP 02-JUN-2018
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sPHENIX Upsilon (1S) Resolution

Ron Soltz, LLNL — CIPANP 02-JUN-2018

sPHENIX DOE-OPA CD-1/3A ReviewMay 23-25, 2018

Performance simulation: Upsilon mass resolution

8

p+p √s = 200GeV

Current TPC cluster finder does not 
include deconvolution of overlapping 
clusters → multiplicity dependence

UPP: 125 MeV

single Au+Au

average pile-up

beginning of store

Simulations indicate Y(1s) mass 
resolution better than 125 MeV 
(averaged over in-store luminosity evolution)

Y(1s) mass resolution collision rate

σm ≈121 MeV

sPHENIX 
simulation   

sPHENIX 
simulation   

Au+Au + TPC pileup √s = 200GeV

sPHENIX 
simulation   

σm ≈85 MeV

Y(1s) → e+e- Y(1s) → e+e-

sPHENIX CDR



sPHENIX — LHC Comparison
Youngsun Kim, QM2018physics	with	sPHENIX
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sPHENIX	DOE-OPA	CD-1	ReviewMay	23-25,	2018

Core	physics	projection:	Upsilons	at	sPHENIX	vs	LHC
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sPHENIX projection Y family fully resolved
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CMS data

sPHENIX 
simulation

Sequential suppression of 
Y(nS) states reveals QGP 
Debye screening length 

sPHENIX	DOE-OPA	CD-1	ReviewMay	23-25,	2018

Core	physics	projections:	Jets	in	sPHENIX	vs	LHC

sPHENIX simulation sPHENIX projection 100B Au+Au

LHC projections for Run III+IV

sPHENIX projection 

γ+Jet momentum balance

�13

sPHENIX 
simulation

γ+Jet fragmentation function

Direct measurement of 
parton energy loss in 

QGP

Modification of 
parton shower in 

QGP

When forming a muon pair, the two reconstructed muon
candidates are required to match the dimuon trigger and to
originate from a common vertex with a χ2 probability larger
than 1%. The ϒ transverse momentum and rapidity ranges
studied in this analysis are pT < 30 GeV/c and jyj < 2.4.
The ϒ ratios are not affected by the small number of
additional collision vertices (pileup) present in the pp and
Pb-Pb samples.
Figure 1 shows the invariant mass distributions of

opposite-charge muon pairs for centrality-integrated Pb-Pb
collisions. The double ratios are computed from the signal
yields obtained independently from unbinned maximum
likelihood fits to the pp and Pb-Pb spectra. The analysis
of the ϒð2SÞ double ratio is performed in three pT bins, two
jyj bins, and nine centrality bins, while the ϒð3SÞ double
ratio is studied in four centrality bins. As a cross-check,
simultaneous fits of the two dimuon invariant mass distri-
butions, where the double ratios are directly extracted, were
also performed. The two procedures give consistent results.
The shape of each ϒ state is modeled with the sum of

two crystal ball functions [34], with parameters fixed from
MC simulation studies. The mass parameter of the ϒð1SÞ
resonance is left free to account for possible shifts in the
momentum scale of the reconstructed tracks, and is found
to be consistent between pp and Pb-Pb data. The masses of
the excited states are fixed to the ϒð1SÞ mass scaled by the
ratio of the world average mass values [35]. The systematic
uncertainty in the double ratio from the choice of signal
model is evaluated by testing two fit variations. One uses
the same function, but allowing all previously fixed
parameters to float one by one and propagating as sys-
tematic uncertainty the maximum observed deviations from
the double ratios obtained with the nominal signal model.

The second fit variation uses a sum of a crystal ball function
and Gaussian function as an alternative fit model. The total
uncertainties related to the signal model are determined by
summing in quadrature the two systematic components,
and are in the ranges 1%–10% and 9%–15% for the ϒð2SÞ
and ϒð3SÞ double ratios, respectively.
The background is modeled with an error function

multiplied by an exponential function as in Ref. [4], a
parametrization selected, in each analysis bin, through a
log-likelihood ratio test comparing several functional
forms, while fixing the signal parameters. For the two
highest pT bins in this analysis, using an exponential
without the error function provides the best fit. Possible
deviations in the results when choosing an alternative
background model, in the form of a fourth-order poly-
nomial, are studied using pseudoexperiments. For this
purpose, the nominal background and signal models are
used to generate pseudoinvariant mass distributions in each
bin of the analysis. These distributions are then fit with the
nominal model as well as using the alternative background
model. The average resulting differences between nominal
and alternative fit model are found to be in the 2%–15%
range for the ϒð2SÞ and ϒð3SÞ double ratios, respectively.
The signal and background model uncertainties are the
dominant sources of systematic uncertainty in this analysis.
Possible effects of noncancellation of reconstruction,

trigger, and muon identification efficiencies in the double
ratios are studied by comparing the results of simulations
using PYTHIA 8.209 [36] tune CUETP8M1 (for the low-
occupancy pp environment) with those obtained using
PYTHIA 8 embedded in HYDJET 1.9 [37] (for the high-
occupancy Pb-Pb data). The ϒ transverse momentum
distributions in the MC samples are reweighted to match
the signal pT spectra seen in data, since the reconstruction
efficiency depends on pT . The rapidity distributions in
simulation are consistent with those in data; hence, no
reweighting is applied as a function of y. The maximum
deviation from unity of the double ratio of efficiencies,
among all the analysis bins, was found to be 1.4%, a value
taken as a systematic uncertainty.
Acceptance corrections are not applied because they

are expected to cancel in the Pb-Pb over pp ratio for each
state. If, however, the ϒ meson acceptances were different
in pp and Pb-Pb because of physical effects, such as a
change in polarization or strong kinematical differences
from pp to Pb-Pb collisions within an analysis bin, these
would not cancel in the double ratio. The hypothesis that
such potential effects can be neglected is supported by the
absence of significant changes of theϒðnSÞ polarizations in
pp collisions as a function of event activity [38]. Moreover,
when studying the pT and jyj distributions in the pp and
Pb-Pb data samples, it is observed that they have similar
shapes. As in previous analyses [2–4,39,40], possible
differences in Pb-Pb and pp acceptances due to physical
effects are not considered as systematic uncertainties.
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FIG. 1. Measured dimuon invariant mass distribution in Pb-Pb
data. The total fit (solid blue line) and the background component
(dot-dashed blue line) are also shown, as are the individual
ϒð1SÞ, ϒð2SÞ, and ϒð3SÞ signal shapes (dotted gray lines). The
dashed red line represents the pp signal shape added to the Pb-Pb
background and normalized to the ϒð1SÞ mass peak in Pb-Pb.
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Resolution of Y states

CMS
PRL 120 142301 (2018)

Fragmentation functions
• Compare generator-level with reco-level z = pTtrk / pTjet distribution 

in all collision systems, one subtlety in these plots: 
➡ use truth charged-particle kinematics (assume one can 

measure pTtrk much more precisely than pTjet, and correct by 1/ϵ)
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Figures 9 and 10 show the ratios of fragmentation functions, as a function of z and pT, respectively,
in central Pb+Pb collisions to those in pp collisions for jets with 126 < p

jet
T < 501 GeV. A similar

shape to the modifications of the fragmentation functions is seen in all p

jet
T selections except in the 398–

501 GeV jets where the R

D(z) has limited statistical precision. The R

D(pT) distributions show a similar

shape but the pT where the ratio crosses unity varies as a function of p

jet
T . This is expected because the

R

D(z) enhancement shows no significant z dependence and the track pT which contributes to a given z

range varies with p

jet
T . For tracks with pT = 100 GeV there is an approximately 20% enhancement for

126–158 GeV jets whereas for jets with p

jet
T between 251–501 GeV the same track pT has an R

D(pT)
consistent with unity. The lack of p

jet
T dependence to the R

D(z) distributions is illustrated in the left
panel of Figure 11 which overlays the fragmentation functions for jets in the ranges 126–158 GeV, 200–
251 GeV and 316–398 GeV. No significant di↵erence is observed. The R

D(z) distributions for 126–
158 GeV at 5.02 TeV are compared to those previously measured [34] at psNN = 2.76 TeV in the right
panel of Figure 11. The R

D(z) is found to be consistent at the two collision energies in the z region
where the measurements overlap. For z < 0.04 R

D(z) in 2.76 TeV collisions increases sharply, however
the measurement at 5.02 TeV does not include these z values.
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Figure 7: Centrality dependence of the ratios of D(z) in Pb+Pb collisions to those in pp collisions for p

jet
T of 126 to

158 GeV. The statistical uncertainties are shown as bars and the systematic uncertainties are shown as shaded areas.

8 Summary

This note presents measurements of jet charged particle fragmentation functions and distributions of
charged particle transverse momenta within R = 0.4 anti-kt jets with |yjet | <2.1 and in the interval of
p

jet
T from 126 to 501 GeV in Pb+Pb and pp collisions at 5.02 TeV. The measurement is performed as a

function of event centrality and jet pT, and uses charged particles with pT > 4 GeV.

A centrality dependent modification to these fragmentation functions when compared to those measured
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Heavy Flavor with MVTX
Heavy	flavor	physics	in	sPHENIX
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sPHENIX can also resolve the flavor of jets 
using the MVTX 
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Figure 1: Projected statistical uncertainties of nuclear modification factor RCP and RAA measurements of non-prompt/prompt D0

mesons (left) and b-jets (right) as a function of pT in 0–10% central Au+Au collisions at
p

sNN = 200 GeV from a dataset of 240
billion minimum bias Au+Au collisions expected from the multi-year sPHENIX operation. The purity and efficiency used in these
projections are based on full event simulation and reconstruction using MVTX in sPHENIX. Left: the solid blue and red lines are
best fit to the RHIC data, the solid black line is from a model calculation for B mesons and the dotted line is the theory calculation
for D-mesons coming from B-meson decays. Right: the solid and dashed lines are from model calculations with two different
coupling parameters to the QGP medium, gmed, and the statistical projection is based on the assumption of RAA = 0.6. The MVTX
will enable these highest precision B-meson measurement and the first heavy flavor jet measurement at RHIC, which will place
stringent tests on models describing the coupling between heavy quarks and the QGP. [1, 2, 3, 4, 5]
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Figure 2: Projected statistical uncertainties of v2 measurements of non-prompt/prompt D0 mesons (left) and b-jets (right) as a
function of pT in 10–40% central Au+Au collisions at

p
sNN = 200 GeV from a dataset of 240 billion minimum bias Au+Au events

expected from the multi-year sPHENIX operation. The purity and efficiency used in these projections are based on full event
simulation and reconstruction using MVTX in sPHENIX. Left: the blue dotted line is from best fit of RHIC data, and the black line
is for B-meson assuming mT scaling in v2. [2, 3, 4, 6]
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END	WHEELS

PATCH	PANEL ESTIMATED	TOTAL	MASS	HALF	
DETECTOR	1,100.0	grams

CONICAL	SECTION

Figure 43: MVTX Half-Barrel, with the three half-layers fixed to the end-wheels. The layout shown here is based on the ALICE
ITS IB design, but with extended cylindrical section for the INTT integration outside of the MVTX barrel.

of this will be a part of the MVTX integration proposal. This will allow more flexibility in a cage support
design for the MVTX. The service and support section for each half detector assembly will require a new
design for the services patch panels to allow for the interface of cables, cooling lines as well as dry air supply
to the detector. These will also have to make accommodations for positioning and alignment of the detector
as well as adequate fiducials to allow for final survey.

MIT and LANL will work with the carbon composite group at LBNL, as well as the group at CERN
producing the stave assemblies and CCSS components for the ALICE ITS, in order to accomplish all of these
goals. An extensive testing plan will need to be put in place to ensure that the final assembly will function
as required. MIT will lead the design of the cooling system for the detector section stave assemblies. The
current plan is to use a negative pressure water cooling system. This will be similar to the system being
designed for the ALICE ITS, adapted for the MVTX configuration. This design is being considered so
that if any unforeseen leak develops in the system, water will not drip on to other detector components and
possibly damage them. MIT will use CFD analysis to ensure that the cooling system will be adequate to
remove the small heat load produced for the stave assemblies. Figure 44 shows the proposed integrated
mechanical support system for the ALICE ITS inner tracking system that will be adopted for the MVTX
detector.

6.8 Mechanical integration
MIT will be leading the design and integration of the MVTX detector into the sPHENIX assembly. As

a part of the MVTX system there are multiple cables, water and air cooling tubes that will need to be run
from the detector barrel out to electronics and cooling plants external to the sPHENIX magnet. The type and
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sPHENIX Collaboration meeting in Santa Fe (Dec 2017).

sPHENIX is on track
• 70 institutes and still growing 
• CD-1 review and construction this month
• Stay tuned for the exciting results to be out from 2023!

70 Institutions
Spokespersons: Dave Morrison & Gunther Roland


