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SMD Electronics
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ADC module 
(identical to the rest of sPHENIX calorimeters)

SMD raw signal and amplifires



SMD/Veto Readout Electronics
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To be installed/tested
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Remaining Hardware To be Prepared
Items Person in Charge Status
Light Tower for North Tunnel Mike Lau Done (2/20)
Differential Module Steve Booth (via John) Done (3/9)
HV Power Supply Module x 2 Steve Booth (via John 

Haggerty)
Design completed. Board is to be 
delivered soon. To be assembled in 
BNL.AC-DC converter x2

Install power extension cables x2 Itaru Done (2/20)
5 meters HV cables x4 John Haggerty
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Veto Counters Recovery
Arm Counte

r Symptom Cause Solution Status

North
Front No issue Good

Back Very noisy Light leak at the tip of 
scintillator

Additional lapping with black 
tape Good

South

Front No issue Good

Back Low gain
Broken contact 
between PMT and the 
light guide

Re-assembled with optical 
glue Good
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Local Pol Scaler Status
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Calorimeter ADC Unit
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MBD/Calorimeter Readout Schematics
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MBD ADC Unit

DCM-II
Digitized Waveform

Analogue

XMIT

Daughter 
Board

MBDLL1 GL1

64ch/14bit ADC



SMD Scaler Proposed Schematics
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Digitized Waveform

MBD ADC Unit

DCM-II

Analogue

XMIT

Daughter 
Board

MBDLL1 GL1pZDC
Analogue

SMD
ADC Unit

DCM-II
Analogue

XMIT

Discriminated output
8 SMD paddles/arm +ZDC

Daughter 
Board

Doesnʼt exist

Firmware 
development by Chi 

to process 
discriminated SMD 

signals to the 
backplane daughter 

board

Follow John 
Lajoierʻs Logic 
in PHENIX LL1

John K./Joe 
Meads firmware 

upgrade

The concept is to use existing calorimeter/MBD LL1 trigger scheme for 
SMD scalers so that only firmware to be developed and no hardware. 



Beam Crossing Angle
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Crossing Angle Effect for Spin
• Following the strategy of 

Ru23, sPHENIX is requesting 
1~2mrad crossing angles for 
Run24 as well in order to
make the collision z-vertex 
compact.
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Beam Angle Dependence of 
Horizontal Neutron Beam Center 
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Neutron beam will by off by 1.8cm at the ZDC location 12



Software Status
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Online/Offline monitoring/calibration tasks

Person responsible Work needed, input needed, comments

SpinMonitor Devon Waiting for html input from CAD Martin,
waiting for gl1p scalers (already on gtm1)

ZDC/SMD monitor Ejiro, Manuel

Localpol offline monitor Athira, Greg Closely follow online analysis

Localpol online monitor Vincent, SMD scalers not available 

Xingshift (Calibration) Devon Apart from new spin info (html) mostly possible to use 
old phenix version: 
(/online/calibration/onlcal/subsystems/xingshift)

14From Ralfʼs slide 2024/3/14



ZDC/SMD/Veto Online Monitor

Figure 3: ZDC main online monitor in a Au+Au run

This figure shows the ZDC online monitor in a Au+Au run. In the first row, we see the
energy distributions in the north and south side calorimeters. The plots in the second
row show the vertex position distribution, on the left hand side with a cut made with
help of the BBC. In the last row, we see the transverse position distribution measured
via the SMD. All plots show values within the normal ranges.
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Figure 6: Expert plots in a d+Au run

The plots shown here are the same as in figure 5, just in a d+Au run. The south, Au
side plots are very similar, but on the north side the energy is smaller, and the scale
of the correlation plots was changed also.
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https://www.phenix.bnl.gov/WWW/publish/csanad/zdc/note/zdc.pdf

Figure 15: ZDC to BBC vertex in a Au+Au run

Vertex calculated from ZDC versus vertex calculated on BBC is shown on this plot.
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Figure 16: Vernier scan plots

Plots of a Vernier scan. Green straight lines show the desired position, while the values
with error bars are the monitored positions. The moving is clearly visible while it does
not reproduce the beam positions given by the main control room. Further corrections
are necessary and the calibration of the detector has to be improved.
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Figure 14: Expert plots in a Au+Au run

In the top panel, the correlation between the deposited energies in the first and the
second plus third ZDC slab is plotted. The bottom panel shows the same correlation
for the south side. The slope of the distributions should be the same for both sides,
as it represents the ratio of the gain factors used in the individual ZDC slabs.

20

x [cm]
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

AD
C 

va
lu

e

0

20

40

60

80

100

120

140

160
Energy distribution in the SMD Statistics

Entries  7
Mean   -0.04087
RMS    0.6869

Energy distribution in the SMD

Figure 2: SMD energy distribution

In this figure, we see the energy distribution in the horizontal slabs of the north SMD.
If we take the average of the positions weighted with the deposited energy, we get the
mean position.

might not notice that that particular component is not working properly, and
the data from that detector is unusable.

In this section, I show some plots of the ZDC and SMD online monitor. The
code is available in ref. [1].

The code is part of the POMS framework, and as such, MakeCanvas func-
tions in ZdcMonDraw.C prepare the canvases and Draw functions draw the plots
themselves. These plots have to be filled/computed in ZdcMon.C. Which Draw
function produces which plot is shown in table 3.

3.1 Beam energy monitoring

We have a monitor for south and north beam energy. The upper panels in
figures 3 and 4 show the energy distribution in the north and south ZDC. The
red dashed lines show the allowed region for the maximum of the curve. This is
around 1700-1900 GeV for gold beam, and at 100 GeV for deuterium beam. In
the latter case, we can have only one evaporated neutron, so the energy should
be around 100 GeV, and in the former case, we saw, that the most likely number
of evaporated neutrons is 17-19, so this energy region should be maintained.

3.2 Vertex position monitoring

We have a monitor for the south and north beam position. The left middle panel
in figures 3 and 4 show the vertex position, and the middle right is the same
just for the events where the BBC level 1 trigger fired. The latter, corrected
distribution has a gaussian shape, because if we have an event, where BBC level
1 trigger did not fire, it is very likely, that this was a fake event. Some timing
correction is still missing in figure 4, as the maximum is very far from zero. This

5

SMD/(Veto) online monitors are to be developed by cold-QCD group. The strategy is to develop 
based on Ejiroʼs ZDC online monitor and mimic the PHENIXʼs online monitor. 

+hit multiplicity/event, etc..

15



SMD Test in Run23 with Beam
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No connection - Pedestal

John’s e-log entry in Aug.1st, 2023.
I flipped the polarity of the SMD.N at 
the ADC (thus scrambling the channel 
map further), and now there is a 
pretty clean MIP in 7 of the 8 channels 
that are plugged in. There is quite a 
bit of variation in the MPV (~150 to 
~6000), but that could arise from a 
variety of things.

Signal
Was successful to readout the 
part of North SMD in rcdaq. 
Some debugging is needed to 
make all channels working.

Run#24787

Data location: /sphenix/luster01/sphnxpro/commissioning/GL1/beam/*24787*
Gl1 bunch information is available in data



Local Pol Online Monitor Development
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spin monitor, etc took this fill to still be 17397 with spin pattern 22. Looking
at the local polarimeter information one can see, that indeed these first runs
were seeing a Blue residual transvers spin flipped (see Fig. 2) to any runs
in the vicinity of these fills. For the runs after the update of the CDEV
information the residual asymmetries returned to their previous orientation,
see Fig. ??.

Figure 1: Local polarimeter online monitor output of run 391871 in fill 17399
which was mistakenly assigned to fill 17397 due old CDEV information.

Fill 17452/17453 The scaler asymmetries for Fill 17452 can be seen in
Fig. 3 and Fig. ?? using the P24 spin pattern of the database in the top
panel. One clearly sees the substantial blue UD component in the first part
of the Fill. After a long time without any scalers (ie no PHYSICS runs) the
asymmetries all become nearly identical to zero despite being of similar size
again in the next fills. This is a clear indication, that the later timestamps,
and thus runs, belong to a di↵erent spin pattern and another fill. Using the
fill pattern P25 of the next Fill 17453 as shown in the lower panels of these
plots, the asymmetries are again of similar size as all neighboring fills which
thus shows, that this is the correct fill pattern. These indications will be
further discussed below using di↵erent type of testing methods.

9

• We do need a data to develop 
the online monitor.

• Start developing the monitor 
using Johnʼs data took in 
Au+Au.

• Debugging may be limited due 
to incomplete channels.

• May consider generating 
simulation data if it is hard to 
develop the monitor with 
Au+Au data.

• Cosmic trigger data is another 
option before the beam, but 
also depending on the effort 
to set up the trigger.



Spin Monitor

Figure 8: Old Spin Monitor for Run # 435368

local pol analysis to identify the true crossing shift. The successful run, 436323, was
calibrated to have a crossing shift of 115. This deviates from the typical crossing shift
of 5 and so it was investigated further. Figure 9 shows the bunch crossing pattern for
this run. The abort gap appears in the same position as usual, however, we cannot
identify for sure what the true crossing shift is and so we must wait for further local
pol analysis.

Yellow beam for all pAl and pAu Fills

The first QA level of the database displayed the first 12 bunches of the yellow (ion)
beam spin pattern to be filled. For completeness, these bunches were replaced by 0 for
all pAl and pAu runs.

Unusual Crossing Shift of 6 for Fills

Most of the fills in Run 15 were assigned a crossing shift of 5. Since most fills were
injected the same way, it is likely that most fills should have a crossing of 5. Therefore,
we decided it would be best to check any fills that were assigned a crossing shift of 6
to make sure that this was correct. The only conclusive way of checking the crossing
shift is by running the local pol analysis with this crossing shift. If the crossing shift
is incorrect, the asymmetries calculated will be incorrect. This analysis is currently
being performed. The fills that were assigned a crossing shift of 6 and not addressed
above are fills 18765, 18766, 18772, 18777, and 18787.
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• Unique and crucial 
information for spin

• Spin and filled bunch 
pattern, latest CNI 
polarization 
measurements.

• GL1p scalers
• Need to collect these 

information unique 
communication tools 
from multiple sources.



Transmission of spin patterns
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DB Database 
client V124 PC@

1008

DB www 
server

PC@
1008

protocol: cdev

protocol: html

PHENIX

sPHENIX

Occasionally found discrepancy 
between two information 
(manually collected by cross 
checking with asymmetry pattern 
of pC polarimeter result)

We will not have any alternative 
record in sPHENIX. Keep only 
the information form the most 
reliable protocol.

CAD 1008



Local Polarimeter Offline Analysis Software
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Rotator'Commissioning'(Run13)'
•  Aner'rotator'current'tuning,'we'take'the'dedicated'Lpol'run'(~250M'events)'to'

confirm'the'transverse'components'are'as'we'want'using'offline'analysis.'
•  Remaining'transverse'components'at'the'commissioning'period:' ''

1.5%'(blue),'2.7%'(yellow)'

Raw'asymmetry'for'transverse'fill' Raw'asymmetry'for'longitudinal'fill'

The local polarimeter requires the bunch ID and spin patterns 
to every SMD hits. The SMD hits are tagged with the bunch ID 
already in the Run#24787 DST. Although spin patterns are not 
available, the software can be developed with a fake spin 
pattern assigned within the code for the time being. 

DST

GL1 (packet 14001)

SMD (packet 12001)

Bunch ID

Spin Pattern

Data : /sphenix/luster01/sphnxpro/commissioning/GL1/beam/*24787*

Run24787
PHENIX Local Polarimeter



Spin Tasks Present Status at a Glance
Item Hardware/Firmware Testing Software

SMD 

North
• Module Installation✓
• Cabling ✓
• Channel Mapping/Labeling 

✓

• Run23 beam data✓
• Half of SMD OK✓
• Scope Check✓
• Cosmic rcdaq • Online monitor 

• Offline asymmetry analysis 
code

South
• Module Installation✓
• Cabling ✓
• Channel Mapping/Labeling 

✓

• Scope Check✓
• Cosmic rcdaq

Scaler • ADC digitizer/LL1/GL1p 
Firmware

LocalPol Online monitor to be 
developed using Run23 data

Veto 
• Power Supply Installation
• Cabling
• Differential Module 
• Channel Mapping

• Signal Check • Online monitor
• Offline analysis code

Relative Luminosity • GL1p firmware (version 1.0 
by Joe)

• Testing by Martin
• Testing by Cold-

QCD group. Need 
to get familiar

Spin online monitor to be 
developed with test data 

Spin Pattern Recording
http-based delivery from CAD and 
saved in the spin database
(Used to be broad casted via V124) 

Vernier Scan (1st attempt of 
the scan at 2mrad crossing) • GL1p firmware Analysis code development 

using PHENIX data?
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