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Timing Re-tune Procedure
STEP1: 5 minutes runs x 3 with n_collision=127. Confirm if all 
8 servers line up at the same spot of the BCO_FULL&0x7F-
FPHX_BCO distribution. Make sure the consistency stable and 
doesnʼt change run-by-run. 
STEP2: Execute modebit scan with n_collision=0. (~1 hours).
STEP3: Execute fine delay run around the sweetspot of the 
modebit scan in STEP2.
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Timing Peaks As of now
South Zoom in

South 4 felix serversNorth 4 felix servers

Raul installs the same firmware with South to the North this afternoon. Following 
scan programs are to be done after this North firmware upgrade.

Good
timing

peaks in 
South
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Plots are made by Jaein

Data from July 21st



L1Delay Change after MBD-LL1 Timing Tune

Modebit
Command 0:0x33 (FPHX Reset)

FPHX Reset Offset 
~ 28BLCKs

FPHX BCO 0 1 2 3 4 5 6…

Felix BCO

74:0x35(Felix Reset)

… 0 1 2 3 4 5 6 …

0 1 2 3 4 5 6 

MBD-LL1
23+4

L1Delay
25-4=21

BBOX

Trigger Correlated BCO BCO to be saved

Modebit Felix Reset Delay: 28+27+21=76 4

2023/7/13 Dan tuned MBD-LL1 timing to match with ZDC trigger by introducing additional delay to MBD-
LL1 by 4BCLKs. The compensation is to subtract 4 from the L1Delay 25 for the INTT GTM.

n_collision=2

L1Delay=21
New setting



Modebit Timing Scan with 8 servers

Scan # 1 2 3 4 5 6 7 8 9 10 11

Modeb
it delay 71 72 73 74 75 76 77 78 79 80 81

Conditions:
• L1Delay=21
• n_collision=0
• Open time=35
• DAC setting 15, 30, 60, 90, 120, 150, 180, 210
• 60 kEvents (1minutes @ 1kHz) /setting x 11 setting ~ 1 hours

Execution and Analysis:
• Script : edit ~/operations/INTT/intt.scheduler and execute modebits.sh
• Time in plots are to be made in felix-by-felix basis: Jaein / Other volunteer?

• Purpose : Actual measurement of felix-to-felix timing difference with all 8 servers.  
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Changing LV1 Delay from the command line
• No GUI is available
• Use script

~/operator/INTT/L1FineDelay.sh 
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command explanation

gtm_set_l1delay n value set the L1 delay for vGTM n

gtm_get_l1delay n get the L1 for vGTM n

gtm_set_finedelay n value set the fine delay for vGTM n

gtm_get_finedelay n get the fine delay for vGTM n

80ps

17.76ns

No readback available now



BCO Phase Scan
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South Zoom in

Satellite peak

Adjust phase to squeeze in satellite peak into the main peak 

Data from July 21st

Plots are made by Jaein



BCO Phase Scan
Delay Set 

# 1 2 3 4 5 6 7 8 9 10 11 12 13
L1 Coase 
Delay 123 123 124 124 125 125 126 126 127 127 128 128 129
Fine Delay 0 111 0 111 0 111 0 111 0 111 0 111 0
Total Delay 
[BCLK] 20.50 20.58 20.67 20.75 20.83 20.92 21.00 21.08 21.17 21.25 21.33 21.42 21.50
Total Delay 
[ns] 2180.85 2189.73 2198.58 2207.46 2216.31 2225.19 2234.04 2242.91 2251.77 2260.65 2269.50 2278.38 2287.23

• L1Delay=21
• n_collision=0
• Modebit 76:0x35
• 60 kEvents (1minute @ 1kHz) x 42 runs ~ 2 hours

Execution and Analysis:
• Script : Execute ~/operations/INTT//L1FineDelay.sh (need to be tested)
• Time in plots are to be made in felix-by-felix basis: Jaein / Other volunteer?

L1 Coase Delay= L1Delay
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6.2. Hit Efficiency

Multi-layer tracking detectors require a large intrinsic hit efficiency
in each sensor, that is, a high probability that a particle of interest will
produce a measured signal when traversing an active sensor layer.
To evaluate this efficiency in the FVTX, charged particle tracks which
are identified by hits in three of the FVTX stations are projected to
the fourth station. A hit cluster in the fourth station at the projected
position is assumed to be due to the charged track, which is a good
assumption for the low occupancy pþp events used in this study.

The probability of finding a hit at the projected spot in station
2 using tracks identified by hits in stations 0, 1, and 3 is shown in
Fig. 33, as a function of the angle ϕ around the disk, using data
recorded during the 2013 RHIC pþp run. The extracted efficiencies
shown in this plot include the intrinsic efficiency of the detectors as
well as any efficiency loss due to dead channels, chips, or DAQ
channels. The peak efficiencies are above 95% indicating that the
intrinsic efficiency of the detector is quite high. The area near ϕ¼901
in the North arm has a low hit efficiency due to a broken component
on a ROC board, which prevented several wedges from being read out.
However, the overall live area during the 2013 run was greater
than 95%.

6.3. Alignment and residuals

Misalignment of the silicon wedges relative to each other and
multiple scattering of particles as they pass through the FVTX
sensor material will have a detrimental effect on the ultimate
tracking resolution of the detector. The internal detector alignment
was performed using data taken with the PHENIX magnets turned
off, so all charged particles travel in straight lines. The MILLEPEDE-
II [22] package was used to internally align all detector elements.

After detector alignment was performed, the FVTX single hit
resolution was determined with straight-line tracks found in the
FVTX, matched with tracks found in the muon spectrometer, from
pþp collisions recorded with the PHENIX magnets turned off.
These tracks typically have a total momentum p43 GeV=c. After
finding tracks with hits in three FVTX stations, the track residual
for the fourth station is found by calculating the distance between
the track projection and the center of the nearest FVTX hit cluster
in that station. The width of this track residual distribution is
determined by the hit position resolution in each station and the
distance between tracking layers. To find the single-particle hit
position resolution for a single station, a correction is applied to
the track residuals, which was determined from linear regression
assuming a common single-particle hit position resolution in the

three stations used to find the track and a common distance
between the stations. The scaled track residuals, which represent
the single-particle hit position resolution, are shown in Fig. 34 for
the innermost tracking station in the north and south arms. The
position resolution for each of the eight stations varies between 24
and 28 μm, which is within the design parameters.

6.4. Electronic noise

The FPHX chip was designed to have a relatively low noise of
#500 electrons when wire bonded to the actual FVTX sensor (see
Section 3.2). The electronic noise in the detector is monitored
periodically using the calibration system. During calibration, groups
of 10 signal pulses of a given height are sent to an injection capacitor
at the front-end of the read-out chip, while the signal height is
scanned across the discriminator threshold. The noise level is char-
acterized by the broadening of the hit efficiency threshold as shown in
Fig. 35. A normal cumulative distribution function is used to fit the
data. The noise level is parametrized by the width, s, of the fit
function.

A histogram of the noise level for all operating channels is shown
in Fig. 36. The average electronic noise level is between 350 and 380
electrons, which is significantly lower than the nominal discriminator
threshold of #2500 electrons. This level of electronic noise is well
within design parameters of the FPHX chip and read-out system.

7. Summary and conclusion

This paper presents a comprehensive report on the design,
construction, and operation of a Forward Silicon Vertex Detector,
the FVTX, for the PHENIX experiment at RHIC. The detector
consists of four layers of silicon mini-strip sensors at forward
and backward rapidity, and enhances the capabilities of the
existing PHENIX muon arms by providing precision tracking of
charged particles before they interact in the hadron absorber. It
was first installed and operated at PHENIX prior to the 2012
RHIC run.

The detector active area covers the full azimuthal angle over the
forward rapidity range 1:2o jηjo2:2. Each individual silicon sensor is
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Fig. 32. Timing distribution of the FVTX hits relative to the RHIC beam clock.
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Fig. 33. Hit efficiency for FVTX station 2 as a function of ϕ.
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BCO Phase Scan
Delay Set 

# 1 2 3 4 5 6 7 8 9 10 11 12 13 14
L1 Coase 
Delay 123 123 124 124 125 125 126 126 127 127 128 128 129 129

Fine Delay 0 111 0 111 0 111 0 111 0 111 0 111 0 111
Total 
Delay 
[BCLK]

20.50 20.58 20.67 20.75 20.83 20.92 21.00 21.08 21.17 21.25 21.33 21.42 21.50 21.58

Total 
Delay [ns] 2180.85 2189.73 2198.58 2207.46 2216.31 2225.19 2234.04 2242.91 2251.77 2260.65 2269.50 2278.38 2287.23 2296.11
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Delay Set 
# 15 16 17 18 19 20 21 22 23 24 25 26 27 28

L1 Coase 
Delay 116 116 117 117 118 118 119 119 120 120 121 121 122 122

Fine Delay 0 111 0 111 0 111 0 21 0 111 0 111 0 111

Total 
Delay 
[BCLK]

19.33 19.42 19.50 19.58 19.67 19.75 19.83 19.85 20.00 20.08 20.17 20.25 20.33 20.42

Total 
Delay [ns] 2056.74 2065.62 2074.47 2083.35 2092.20 2101.08 2109.93 2111.57 2127.66 2136.54 2145.39 2154.27 2163.12 2172.00

Delay Set 
# 29 30 31 32 33 34 35 36 37 38 39 40 41 42

L1 Coase 
Delay 130 130 131 131 132 132 133 133 134 134 135 135 136 136

Fine Delay 0 111 0 111 0 111 0 19 0 111 0 111 0 111
Total 
Delay 
[BCLK]

21.67 21.75 21.83 21.92 22.00 22.08 22.17 22.18 22.33 22.42 22.50 22.58 22.67 22.75

Total 
Delay [ns] 2304.96 2313.84 2322.70 2331.58 2340.43 2349.31 2358.16 2359.70 2375.89 2384.77 2393.62 2402.50 2411.35 2420.23



DAC0 Scan
Scan 1 2 3 4 5 6 7 8 9 10 11
minutes 5 5 5 5 10 20 60 5 5 5 5
DAC0 17 16 15 18 20 30 40 14 13 12 11
DAC1 44 44 44 44 44 44 44 44 44 44 44
DAC2 48 48 48 48 48 48 48 48 48 48 48
DAC3 52 52 52 52 52 52 52 52 52 52 52
DAC4 56 56 56 56 56 56 56 56 56 56 56
DAC5 60 60 60 60 60 60 60 60 60 60 60
DAC6 64 64 64 64 64 64 64 64 64 64 64
DAC7 68 68 68 68 68 68 68 68 68 68 68
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Load the moderate mask file made by Jaein
Total 3 hours (Scan#6, 7 can be done by shift crews)



Felix server geometry mapping diagnostic test

Data Set 1 2 3 4

South INTT0 INTT1 INTT2 INTT3

North INTT4 INTT5 INTT6 INTT7
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• n_collision=127
• L1Delay=21 BCLKs (Value=126)
• Turn on LV/HV/bias powers only for given INTT servers
• Execute configure before every run (no intt server masking)
• Take data for 5 minutes each


