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To declare physics mode operation of INTT
A) 8 Felix servers in operational condition ✔

• Intt0 and intt1 are under triggerless mode. 
• Fallback solution: Disable calibration flag in Felix. No calibration possible 

for intt0 and intt1.
B) Fix timing and online parameters

• Inconsistent time-in condition between 8 felix servers has to be resolved 
in order to finalize the timing parameters 

• All felix servers are to be timed-in within 2 BCLKs (1BCLK by the end of 
Run23) 

C) Proof of correlation with other detectors
• Attempt to synchronize w/ MBD by event counter after Martinʼs new 

decorder was unsuccessful. -> Established MBD & TPOT 
• If feasible, MIP observation in conjunction with MBDʼs z-vertex cut.

D) Online Monitor
• Need to prove the it displays known dead/hot spots (no-bias silicon 

region, hot chips, etc) ✔?
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B) Timing and Online 
Parameters
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B) Latest Timing Issue 
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Modbit
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server
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Modbit
91

Plots from Jaeinʼs slide



B) Possible Cause? 

BCLK 
Board BCO Clock Clock GTM

8 x BCLK 6 x BCLK

8 x (6 x BCLK)/6 

BCLK 
Board BCO Clock Clock GTM

6 x BCLK 6 x BCLK

FELIX

FELIX

7/26 Current Firmware

The phase is 
governed by 8 
x BCLK

Raul is skeptical the glitch in the frequency conversion 
within clock blocks in the felix firmware. The new version 
avoids the conversion and was tested in intt0 on 7/26. 



B) BCO Phase Scan
Delay Set # 13 14 15 16 17 18 19 20 21 22 23 24
L1 Coase 
Delay 123 123 124 124 125 125 126 126 127 127 128 128

Fine Delay 10 121 10 121 10 121 10 121 10 121 10 121
Total Delay 
[BCLK] 20.51 20.59 20.67 20.76 20.84 20.92 21.01 21.09 21.17 21.26 21.34 21.42
Total Delay 
[ns] 2181.65 2190.53 2199.38 2208.26 2217.11 2225.99 2234.84 2243.72 2252.57 2261.45 2270.30 2279.18

• 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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Latest configuration as of 7/24
Fine Delay : 88ps/tic
Maximum = 88ps x 255 = 22ns



BCO Phase Scan Preparation

BCLK 
Board BCO Clock Clock GTM

6 x BCLK 6 x BCLKFELIX

Only coarse delay is 
propagated to BCLK 
board

phase

• Coarse delay (17.7ns)
• Fine delay (11ps)

phase

The firmware will be upgrade  propagate the fine delay to
BCLK board as well. 

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.

C. Aidala et al. / Nuclear Instruments and Methods in Physics Research A 755 (2014) 44–61 59



History of INTT Timing Tunes
Phase Date Run Comments

I 5/25 7364 ~ 8059
• LVL1 Delay Scan
• n_collision Scan
• Open time Scan

II 5/30 8100 ~ 8126 • Modebit delay scan
• Intt2 timed in at modebit=76:0x35

II 6/2 9158 ~ 9231 • Modebit 78:0x35
• Open up n_collision = 4

IV 6/17 13091 ~ 13127 • Modebit delay scan 7 servers
• Inter-felix timing shift observation

V 7/14 21386 ~ 21506 • MBD Trigger 28->32, L1Delay=25->21
• Inter-felix timing shift fixed

VI 7/25 23642 ~ 23667 • All felix servers timed in at modebit=91:0x35
• Split timing peak +/-1BCLK alternating runs8



Solution : Modebit Offset

Modebit
Command 0:0x33 (FPHX Reset)

FPHX Reset Offset 
~ 28BLCKs

FPHX BCO 0 1 2 3 4 5 6…

Felix BCO

76:0x35(Felix Reset)

… 0 1 2 3 4 5 6 …

0 1 2 3 4 5 6 

MBD-LL1
23

L1Delay
25

BBOX

Trigger Correlated BCO 

BCO to be saved

Modebit Felix Reset Delay: 28+23+25=76 9



Compensation of MBD Timing Tune

Modebit
Command 0:0x33 (FPHX Reset)

FPHX Reset Offset 
~ 28BLCKs

FPHX BCO 0 1 2 3 4 5 6…

Felix BCO

76:0x35(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+23+25=76 10

MBD timing change by 4BCLK is compensated by L1Delay setting from 25 -> 21. 



7/25 Time-In Result

Modebit
Command 0:0x33 (FPHX Reset)

FPHX Reset Offset 
~ 28BLCKs

FPHX BCO 0 1 2 3 4 5 6…

Felix BCO

78:0x35(Felix Reset)

… 0 1 2 3 4 5 6 …

0 1 2 3 4 5 6 

MBD-LL1
23

L1Delay
25

BBOX

Trigger Correlated BCO BCO to be saved

Modebit Felix Reset Delay: 28+23+25=76 11

Modebit 76:0x35 -> 91:0x35 picks up earlier hits by 15 BCLKS

n_collision=2
91



Remaining Steps to Satisfy Timing Goal
1. Fix splitting the timing peak +/-1BCLK issue in the felix

firmware (Raul)
2. Upgrade firmware to propagate the fine delay to BCLK 

boards (Raul)
3. Execute the phase scan (Onsite crews)
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B) Optimization of Timing Parameters

/home/inttdev/data/IR_DAQ_server/INTT_study_run/BCO_window/dat
a_analysis/8020_Time_5min_L1Delay00_Ncollision127_Opentime120

作ってみたプロット

• クラスタサイズ分布
• サイズが大きいものがある～40
• クラスタ数が多いイベントを選ぶとサイ
ズの最大値が小さくなる
• 分裂して見えるだけ？
• DAQに問題？

クラスタADC分布

クラスタサイズ分布

• クラスタADC分布～90あたりにピーク
• ビームテストのピーク位置に近い(～80)
• 幅が広い⇒斜め入射か？

• Chipごとに見たらどうなるか？
2023/6/7 5

Takashi

Cheng-Wei

First Open Time Scan Result

Cheng-Wei

2nd Open Time Scan Result

Cheng-Wei
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Index Date Run#

I 5/25 8020 ~ 8059

II 6/9 9545 ~ 9553

III To be done again after timing issue is resolved



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

14

Executed 7/26 Hot channel mask list will be updated (Jaein).



C) MIP Observation

15



DAC Scan
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Scan 1 2 3 4 5 6 7 8 9 10 11 12

DAC0 8 28 48 68 88 108 128 148 168 188 212 236
1 12 32 52 72 92 112 132 152 172 192 216 240
2 16 36 56 76 96 116 136 156 176 196 220 244
3 20 40 60 80 100 120 140 160 180 200 224 248
4 24 44 64 84 104 124 144 164 184 204 228 252
5 28 48 68 88 108 128 148 168 188 208 232 255
6 32 52 72 92 112 132 152 172 192 212 236 255
7 36 56 76 96 116 136 156 176 196 216 240 255

• BigPartition together with MBD (Must) no need to be a dedicated run
• Can be done with n_collision=127 (w/o waiting for asynchronous timing issue btwn intt servers. 
• 12 settings 
• ~2M events (30 minutes @ ~1kHz)  
• 6 hours total
• If the series of data are interrupted by the beam dump, repeat the same setting as the last run at the last store. 

Extend to max range



Towards MIP Peak Observation

17

New DAC Scan with MBD for Scan #1~5
DAC e-log 329, 328
• Z-vertex cut by MBD or selecting hits 

only associated with intt standalone 
tracklet to z-vtx with eta angle cut

https://sphenix-intra.sdcc.bnl.gov/WWW/elog/DAQ/329

https://sphenix-intra.sdcc.bnl.gov/WWW/elog/DAQ/328



D) Online Monitor
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D) Online Monitor

Layer:  1 Ladder: 11 (North) Chip:  1
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Online Monitor for INTT has been available for shift takers since 6/14

Quality of INTT data can be monitored by shift takers run-by-run basis 

Threshold optimization is underway.

S-B1L008 type-B no bias 

N-B1L000 type-A no bias 

Joseph

Cheng-Wei Shih (NCUHEP, Taiwan)INTT meeting

`TH2INTT - current INTT chip alive efficiency

2

intt0, FC6, unstable TLK issue

intt3, FC13, type B no bias, U21, U23, U25 half-entry 

intt5, FC8 type A no bias

According to : Latest INTT status on wiki

General speaking (only up to chip level) : 2849 / 2912 chips are good

Chip alive : the chip that can read the collision data



D) Online Monitor (Latest)
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S-B1L008 type-B no bias 
N-B1L000 type-A no bias 

Cheng-Wei Shih (NCUHEP, Taiwan)INTT meeting

`TH2INTT - current INTT chip alive efficiency

2

intt0, FC6, unstable TLK issue

intt3, FC13, type B no bias, U21, U23, U25 half-entry 

intt5, FC8 type A no bias

According to : Latest INTT status on wiki

General speaking (only up to chip level) : 2849 / 2912 chips are good

Chip alive : the chip that can read the collision data

Clear dead spots now appears in the display. 
Still possible mapping issue? Joseph will work 
on after AUG meeting. 


