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Note: the hit transmission from chip to ROC: 1 hit / 1 bco

In single event

Yaxis: 4 Assumption:
i 1. BCOFULL & hit_BCO both start at 0 and the first trigger fired at BCOFULL=0
if Trigger fired 2. ncollision 100 bco & open_time 50 bco
>
Open time 50
0 20 40 60 80 100 120 140 160 180 200
E' 4— Open time 50 S
ncollision 100
""""""" 4 Opentmeso gl
~ — g 3
é %|Open time 50 g =
c ] >
One strobe length 100 BCO X axis: time, BCOFULL

hit_bco range 128 BCO

ﬁ
: + Open time 50

>

Maximal time Consumption for one event, 178 BCO (Hits somehow with “hit_bco_127” arrived to FELIX + the set 50 BCO open time for this unique/fresh hit_bco number)

BCQO”, and if there is another hit with “hit_bco_B”, the FELIX would open another “50 BCQO” for the hits with “hit_bco_B”

Current concept: when the first hit with “hit_bco_A” arrives at FELIX, FELIX waits for the other hits with same “hit_bco_A” coming for “50

Cheng-Wei Shih (NCU/RIKEN)



Chip Occupancy

Code can be found in GitHub Run 54280, first 3M events

With HitQA and CloneHit Removal (CloneHit: same FELIX, FELIX_ch, chip_id, chan_id, hit_bco)
Count the number of hits of each chip, per hit_bco

dag=> select * from i1ntt_setting where runnumber = 54.Z280;
runnumber | n_collisions open_time j| readout_mode | dact | dacl | dacd | dac? | dacd | dacd | dacbt | dacy

g F T = eiies 667728
B Normal case |site son i Half-entry Chip  [sgpe 1500
T 105 i3
107 nHits of each hit_bco are filled o] nHits of each hit_bco are filled
1035
10° &
I 10% ¢
104 |
1...I...I...I..].I...I.ﬁl...l. 1055...I...I...I...I...I...I...I.
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
nHits (per chip and per HitBco) nHits (per chip and per HitBco)
* The spike at nhits 73: hits been rejected due to the late arrival to the FELIX
- In some extreme case, not all the hits are kept by the FELIX INTT has hit saturation issue

 The maximal number of hits of each chip and per hit_bco is 73
* Half-entry chips have similar structures — Hit missing happened before FELIX (at chip)
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https://github.com/sPHENIX-Collaboration/INTT/tree/main/general_codes/CWShih/INTTChipOccupancy

Chip Occupancy - statistics

nChipHit_F3_Fch12_Chip6

Total number of INTT chips: 26 * 56 * 2 = 2912

Chip mean

ight edge location

10 [

t It

Run 54280, first 3M events

10

.

o v P v P b Py ....IHH..I....I....I..

0 0.5 1 1.5

INTT meeting

h H - ni Hit RightEd
chip_nHit_mean chip_nHit_Rig ge
) P chip_nHit_mean ) Normal
o Entries 2912 Q
§ i Mean 2.781 § B ‘L
5 Std Dev 0.4714 S 1%k Co :
& oL g F Useful for picking up the chips
i [ 1025—

I....I....I....H L1

2 2.5 3 3.9 4 4.5 ) -10 0 10 20 30
Mean of nHit (per chip and per HitBco)

Cheng-Wei Shih (NCU, Taiwan)
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SPHENRIIX

Chip Occupancy - Saturated chips

std::pair< , > normal_range = {60,80};
normal _threshold = 67;

Selection

std::pair< , > halfentry _range = {30,40};
halfentry threshold = 31;
NChipHit_F7_Fch6_Chip5 nChipHit_F7_Fch1_Chip0
Entries 496032 k3 - Entries 567031
Mean 2506 = Mean 2.078
Std Dev 2.929 - Std Dev 2.05
Normal
EE|||||||||||||:|||||||||||||||| ::"'|":'l'"llllllllllllllllll
40 60 80 100 120 140
nHits (per chip and per HitBco)

0 20 40 60 80 100 120 140 0 20
nHits (per chip and per HitBco)

Try to have the selections to pick up the chips saturated

INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Chip Occupancy - Saturated chips

nChipHit_F4_Fch13_Chip0

nChipHit_F7_Fch0_Chip0
nChipHit_F7_Fch0_Chip0 nChipHit_F4_Fch13_Chip0
3 = Entries 530960 _§ = . Entries 527020
T Mean 2.049 b= : Mean 2.509
L Std Dev 1.995 L Std Dev 2.776
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | : | | | | | | | | | | | | | | | |
60 80 100 120 140 0 20 40 60 80 100 120 140
nHits (per chip and per HitBco) nHits (per chip and per HitBco)
nChipHit_F7_Fch0_Chip13 NnChipHit_F5_Fch3_Chip15
nChipHit_F7_Fch0_Chip13 nChipHit_F5_Fch3_Chip15
3 = . Entries 544853 8 = ; Entries 2913032
< ! Mean 1.926 < ! Mean 1.3
L Std Dev 1.953 L Std Dev 1.407
| | | | | IE | -| | | | | | | | | | | | | | | | | | | | | | | E -|I | | | | | | | | | | | | | |
140 80 100 120 140
nHits (per chip and per HitBco)

0 20 40 60 80 100 120
nHits (per chip and per HitBco)

Some of the chips seem not to be suffered from the saturation problem that much, but most of the chips are suffered

INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Chip Occupancy - Saturated chips (i

h2 nINTTRawHit_nSaturation h2_Saturation_ChipMap E—
2 16— | 4n5 I
(.z) : h2'_ .............. §10 600
% 14— | v we| | =
3 B Mean y 1.082 _=104
B 12— | o = —1500
- : ) Std Dev y |
10— A'w I | 10° 400
. | A|||| el e i
| | ] !
- / ! | | : 10° 300
6l | |
- | | : 200
W | ] | | o 10
i
2 ”ﬁ—%f | { | N b 100
| | ” F 1 -
- L e LT . o — TR o . o 0
0 5 10 182025 30 n|NT3T5RawH,t‘S‘Q‘10 FELIX x 16 + FELIX_ch

In the worse case, 12 out of 2912 chips are saturated in one event
Assuming those chips have all channels fired, (128 - 73) * 12 = 660 hits are dropped by FELIX servers
660 / (13000 + 660) = ~ 5% of the hits are missing

But we might gain more clusters (non-physical)
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nINTTRawHit, to check the exceed el

h1 nHit BcoDiff55 h1_AlIBcoDiff_ combined_nHit
o _ h1_nHit_BcoDiff55 o —
G:J — Entries 1632446 q:J L .
E Mean 2603 S 5 IﬂClUSIVe to the h1_AllBcoDiff_combi...
10° £ . Std Dev 2915 10 5 ] —— 683645
; Only count the hits - time_bucket
] ] 4 Std Dev 3196
Run 54280 10 with time_bucket 55 10°E
Bad channel masked - :
: : 10° - 10’
HitQA required -
Clone hit removal 10 - 10
Trig_ MBDNS_vtxZ30cm required - -
10§— 105_
105_' 500010000 15000° '2'oo|:|)'c|]"”'2'5"(gob' 3000035000 20000 1;— A B T S HMl L, |x10°
nINTTRawHits 0 5 10 15 20 25 30 nINTgl'??aWHitgo

| so far not sure why there is a bump b/w nINTTRawHits 13k to 20k

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 8



nINTTRawHit, to check the exceed el

NinttRawHits (MBD_z_vix==MBD_z vtx && MBD_z_vix > -30 && MBD_z_vtx < 30}

NinttRawHits {MBD 2z vixe=MBD _z wvtx 85 MBD_z_vix > -10 && MBD_z_vix < 10 && MBD _charge_sum = 500}

o Eniries 1104486 e _
£ All InttRawHits wean 2| E T e oA
. Std Dev 3243 5 10tk g Ll
IMBD_z_vtxl <30 cm = i ey
10° i All InttRawHits
m 10° 2 IMBD_z_vtxl <10 cm
103 i MBD_charge_sum > 500 out of 5500
i 102
10% -
i 10 =n
10 =
| i _ o) J )
B 5
1 : J“m :l L1 1 | | | [ S | | L1 1 1 | {10 I | D | | L1 1 1 | u” | l" ” | ” | .| | L1 1 1 | L1 1 1
o s 0 0 Y el 0 T e Tl I o e o | | i O B 0 5000 10000 15000 20000 25000 30000 35000 40000 45000
0 5000 10000 5000 0000 500‘0 30000 3 0 45000 50000 MNInttRawHits

NInttRawHits

| so far not sure why there is a bump b/w nINTTRawHits 13k to 20k
But it may not be urgent

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 9



Correlation b/w nINTTRawHit and nClus &

Run 54280
All InttRawHit included
Clustering in Z axis disable

NInttRawHits:NClus {MBD_z_vtx==MBD_z_vitx && MBD_z_vtx > -30 && MBD_z_vtx < 30}

NInttRawHits:NClus
2] [
@ 500001 T - =
':E = = 10° % 45000 Entries 1104486 — 10*
§ 450001 Entries 1999960 = o = Mean x 1796 =
£ 10000F- Mean x 1280 ] % 40000 Mean y 3388 =
Z - g"ea” y 2980 |\ ] - StdDevx 1835 il
— | Std Dev x 1557 = —
- - il Std D 3270
35000 StdDevy 3152 - 350005 — —= 10°
30000 — 3 30000
= 10 —
25000 — e 25000 —
E ] b -._:.' - '-:_..:-?-"E'.--.:.':;.'::'; .::"'-.-':: L ,,. -'":-.: f'-“.".::-:.'.-'. ... ::' 2 - o E : 102
20000 R AL T ; ; al 102 20000
15000 [& 15000
10000 SRS
10 10000 [ SRE 10
5000 il
- 5000
= 7 L 1 1 1 | L 1 1 1 | L 1 1 1 | L1 1 1 | | I I | L 1 1 1 | L 1 1 1 | L 1 1 1
0O 1000 2000 3000 4000 5000 6000 7000 8000 9000 1 AR EFRTRNENEN NUNUNAN INSTETANEN AN UNUNATEN SUTEETES N STANATE AU 1
NClus 1000 2000 3000 4000 5000 6000 7000 8000

NClus
So far not sure why the vertex Z cut can eliminate the entire outlier branch
The outlier groups are continuous in the Y axis view

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 10
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The pattens of the saturated chips rrelflx

bcofull1029934545412 F6 Fch12 bcofull1029935611208 F2 Fch2 _
- - — - Run 54280
o B ()]
< 250 B bcofull1029934545412... —200 % 250 B o —|| —200
= — Entries 75 c -
[ —
E : Mean x 10.84 —(180 § : - S —— 180
O 200— Mean y 48.50 _ 1160 O 200l I - _ 1160
— Std Dev x 0.8252 - e
B Std Devy 37.60 — 140 B - 140
150 — 120 150 — — 120
B B bcofull102993561120...
- — 100 - Entries 153 100
100— - 80 100— — Mean x 5.261 80
- — - Meany 159.6
B — 60 - 60
| — | —_— Std Dev x 4.260
S0 B I 40 50— Std Dev y 69.64 40
- [E— — _—= —
- . 20 — 20
0— | | | P I T R S Y T S 0 O—, | [ N [ [ N R N MR S I SR . 0
0 2 4 6 8 10 12 0 2 4 6 8 10 _ 12
Chip ID (12 -> 0) Chip ID (12 -> 0)
bcofull1029936797396_F7_Fch11 bcofull1029936301130_F5_Fch2
% 250— —_— —1200 % 250— bcofull102993630113... _— 1200
QC’ B B - o o — Entries 155
c —{180 S | Meanx 8.302 —180
5 — — ) - Mean y 70.58
200— —160 200— Std Dev x 3.700 —160
| —_— B Std Dev y 69.04
- o e —140 — — —140
150/ — 120 150 — 120
B — 100 B T —— 100
1001 — 80 100= - S 80
— — bcofull102993679739... — T E— —
B o Entries 97 60 B ——
| — Mean x 5.268 | e — 60
50— — Mean y 87.41 40 50— —
B Std Dev x 2.371 - e S 40
u . Std Dev y 72.99 20 B S 20
OO?I | é 1 | l 4|. 1 I 1 5 1 | | é | | | 1|0 | 1 | 1|2 | 0 0 __ I I I | 1 l l —— I | | I 1 I I l | I H 1 0
) 0 2 4 6 8 10 12
Chip ID (12 -> 0) Chip ID (12 -> 0)

The pattern : big chunk + zebra crosswalk, and big chunk always closer to the edge
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SPHENRIIX

The zebra crosswalk - normal

bcofull1029934611520_F3_FchO
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B/w chunk and zebra crosswalk - normal Zg&9

bcofull1029934657548_F6_Fch4 —

60 —200

—180

55 160

Channel ID
i \

Four channels in between
140

120
100

80
60

40
20

9 9.2 9.4 9.6 0.8 10
Chip ID (12 -> 0)

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 13



) N

The pattens of the saturated chips - half-entry g«

pattern of half-entry chip

bcofull1029934889584 FO Fch6 bcofull1029934889584 FO Fch6
() (] B I
= 250— —1200 2 L
TCJ — S beofull102993488958... TCJ — - bcofull1029934889584...
% : _— Entries 61 — 180 % : - Entries 61
L - Mean x 6.191 L — - Mean x 7.268
O 200 — Mean y 112.6 — 160 O __ Mean y 8.442
- Std Dev x 2.609 — e Std Dev x 0.4223
u Std Dev y 78.52 140 B o Std Dev y 8.365 | |
150 120 - —
i o B I
- — 100 i -
100 — — 80 — —
B - B I
B 60 [ ]
50 — — 40 B L
| - :
0 | ] ] | ] | ] | ] ] | | | | ] ] | | ] ] | ] 0 : | | | | | | | I |
0 2 4 6 8 10 12 0 10 12
Chip ID (12 -> 0) Chip ID (12 -> 0)

Once again prove the working principle of the chip, it sends the hits in the alternative way
In this chip, all the even channels failed the signal transmission
It seems to be the case that one serial out takes care of even channels, one takes care of odd channels

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 14



SPHE

The zebra crosswalk - half entry

bcofull1029934889584_F0_Fch6

N

a

=)
|

99999999999999999999

Channel ID

MMMMM

N
o
o

150|—

100

| l |

i

-
o

12
Chip ID (12°-> 0)

INTT meeting

a
©
c
c
M
o
O

110

105

100

95

90

85

80

75

70

65

One channel for each streak

felfl

Hcofull1029934889584 FO Fché

—
—
—
—
1__ | | | I | | | | | | | I | | | | ] | | I
7 7.2 7.4 7.6 7.8 8

Chip ID (12 -> 0)
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Cluster phi size of the saturated chips

Private clustering (only do the clustering with single chip, 128 channels)

h1_ClusSize_SaturatedChip_normal h1_ClusSize SaturatedChip_halfentry
fé 10t 2, the zebra crosswalk 1 _ClusSizs_SaturasedChip,_normal é =
- Enirigs ARGe T t | hi_ClusSize SaluratedChio halfenty
10° 4t . - 10° g Entries 485338
1 i ' T Mean 1.005
il 43 | |46 i Std Dev  0.08725
10* LI'“\ T
L 107 5
10° R it
10°
102 n
10 5=
10 HE
% ﬂ Normal T
1 ] ] ] | ] ] ] | | | ] ﬂ ] Hﬂ ] | ] ] ] | ] ] 1 | ] 1 E'E' l ” ” I I I l | I ] I | I ] ] I ] ] 1 | 1 1 ] | 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
ClusPhiSize (Single chip, normal) ClusPhiSize (Single chip, Half)

The big chunks in the hit maps of the saturated chips are with the phi size of 43 or 46 for most of the cases
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The pattens of the saturated chips

: 0
TJ —
c .
~ -
S Ho0l =
———————
e ]
: — —————— 1 E
100 bcofull102997300327... —_—
- Entries 212
: Mean x 6.755
50 - Mean y 129.2 EEEEEE—
— Std Dev x 4.394
B Std Dev y 74.17
0 | | | | ] | | ] | ] | ] ] | I | | ] |
0 2 4 6 8 10 12

INTT meeting

bcofull 1029973003276 F5 Fch7

SPHE

Chip ID (12 -> 0)

It’s possible that the phi size of chunk can be larger than 46

That chunk is with the size of 64

Cheng-Wei Shih (NCU, Taiwan)
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Tnal of event selection

h1_ClusPhiSize_all h2_NClus_ClusPhiSize_all

h1_ClusPhiSize_all
Entries 1726966964 g n h2_NClus_ClusPhiSize_all
I nCI U S |Ve Mean 1.607 N 120 —— 1726966964
StdDev  1.598 Q'C‘B - ey 2 10°
= - Mean y 1,607
O 100— Std Dev x 1839 5
: Std Devy 1.598 10
80 _'— Wooand b 3 "-';.E.._ '{_':' . K - Y
a ]
60
40
20¢
1,|l||l|l||llIIIIII T I T T N B 0|||||||||||||||||||||||||||||||||||||i"‘l
0 20 40 60 80 100 120 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
ClusPhiSize NClus
h1_ClusPhiSize post h2_NClus_ClusPhiSize post
| | | | | | m
As long as one chip classified as G 3 120 e R .
L
" " Entries 566846768 o B Mean x 2606
saturated chip, skip the event R
Std Dev 1.396 O 100— Std Dev x 1672 105
nChipHit_F3_Fch12_Chip6 . S Devy 1o
o - nChip-Hit_FS_Fch12_Chip6 _. ) . . 4
T BOP™ " b i e, ' 10
o8 StdDev 3372 Ly =t .|."|'|:-.;._' N [ -
. 10°
i 60 :
Saturated distribution? 2
103 = 40 r 10
oL 10
20¢
10 §_ F
- 1
10-'"20"'40'"60"'8|0'w0"~1é0"'1‘|10' 1 e e b e b e o e b | O|||||1||1||1|||||||||||||||1||||l_r'l L1
nHits (per chip and per HitBco) 0 20 40 60 80 100 120 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
ClusPhiSize NClus

The spikes become smaller, but still there. Might have the play with the zebra crosswalk if we really want to remove them
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 18



FPHX chip, serializers

If it’'s SerialOut1 dead, there is no hope to recover the half-entry chip by changing the Digital Control setting

INTT meeting

X

SerialOut1

A

SerialOut2

A

Serializer 1 - Serializer 2
A A
FIFO Word 1 Out Word 1
FIFO Word 2 Out Word 2
FIFO Word 3 Out Word 1
FIFO Word 4 Out Word 2
FIFO Word 5 Out Word 1

Figure 16 - The Serializers

Cheng-Wei Shih (NCU, Taiwan)
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FPHX chip manual - goal of FPHX

Phase Block

A primary requirement of the FPhx architecture 1s that it be able to read out
within four beam cross-over periods an event that contained four hit strips. In other
words, regardless of activity level, long latency cannot be tolerated. Hits must be sensed,
amplified, discriminated, captured, sorted, serialized and read out of the chip. Moreover,
the requirements do not allow for dead time, so if an FPhx chip receives an event in beam
cross-over period “N”, it must be able to deal with an event in beam cross over period
“N+1"" and in beam cross-over period “N+2”, etc.

Requirement of PHENIX FVTX:
read out 4 hits in 4 BCOs and no dead time

128 channels in parallel

If it’s possible, it must be good to have the nhits and cluster size distributions of PHENIX FVTX JuJ\

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 20



128 channels in parallel

These twin requirements of low-latency and zero dead time give rise to the notion

of phase architecture. During any given phase, amplification, discrimination, acquisition,

sorting, serlahzatlon and output must happen. However amphﬁcatlon dlscnmmatlon

happening for hits that occurred in the last phase. Serialization and out happ ening

for hits that occurred at least two phases ago.l

Prasel

Phasel Phase]

Phase Block

" | The requirement of "four-ilits-in-fcﬁr-beam-crossings" suggests that a cyclic
~ jprogression of four phases (Phase 1 -> Phase 2 -> Phase 3 -> Phase 4 -> Phase 1 -> etc)
could be used as the cornerstone of an architecture built to work for Phenix. During

INTT meeting

Phase 1 acquisition circuitry and Phase 2 acquisition circuitry and Phase 3 acquisition
circuitry and Phase 4 acquisition circuitry. Moreover, there would have to be additional
circuitry to manage the flow of data through these different phases. However, this
approach would enable the job to be done without requiring excessive speed and the
consequent power that would require.

This approach would require redundant circuitry. For example, there would be

Though I didn’t find the redundant circuitry in the block diagram
Cheng-Wei Shih (NCU, Taiwan)



FPHX chip manual - phase architecture

Phase splitting occurs
The procedures in FPHX chip: sensed — amplified — discriminated — acquisition = sorted — serialized — read out

128 channels in parallel  (Acq: check mask)

unit : need to be confirmed
Time

BCO -2 BCO -1 BCOO BCO 1 BCO 2 BCO 3
ampl, disc, acqui hit1_bco0 hit1_bco1
Phase 1 sort hit1_bco-1

serialization, output hit1_bco-2

ampl, disc, acqui

Phase 2 sort hit1_bco0
serialization, output hit1_bco-1
ampl, disc, acqui hit1_bco1
Phase 3 sort
serialization, output hit1_bco0

ampl, disc, acqui

Phase 4 sort hit1 _bco1

serialization, output

In given phase, all the steps must happened, dealing with different hits from different phases

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 22



FPHX chip manual - limit of FPHX chip

INTT meeting

Larger hits pose a bigger problem. Of necessity, amplification and
discrimination must occur in parallel for all 128 channels. Therefore, larger events will
have no impact on this activity. Acquisition, even though it has four phases, also occurs

in parallel for all 128 channels. Sorting, serialization and output, however, will be
impacted by the size of the event. Larger events will take longer to sort, longer to
serialize and longer to output. Serialization and output overloading can be mitigated by
FIFOs which can be filled by large events and drained during empty or low occupancy
beam cross-over periods. This could have an impact on the “four-hits-in-four-beam-
crossings” requirement. For example, if there are several large events in a row, the first
large event might output four hits in four beam-crossings, but, because of the FIFOs, the
second and subsequent hits might not get their first four hits out in four beam-crossings.

| don’t see the statement that one chip can only handle 4 hits in one event

Cheng-Wei Shih (NCU, Taiwan)
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FPHX chip manual - limit of FPHX chip

INTT meeting

Unfortunately, very little can be done about sorting (also known as zero
suppression). Larger events will take longer to sort. Therefore, some mechanism must
be in place to halt the advancing of the phase in the event that sorting cannot be
completed in the required time. This 1s the principle responsibility of the Phase Block.

The Phase Block maintains the eight-bit beam cross-over counter or BCO Counter.
This 1s the time stamp. It advanced on the rising edge of each BCO clock. The Phase
Block also maintains the phase state machine which advances on the rising edge of each
BCO clock provided that the sorting has been completed. If the sorting has not been

completed, the phase does not advance, and the|acceptance of further hits by the FPhx
chip 1s suppressed until the phase can finally advance.| Finally, the Phase Block operates

as mdirect addressing logic relating a particular phase to a particular time stamp so that
when data 1s output, the hits are associated with the correct time stamp regardless of how
many times the phase advance was blocked.

| don’t see the statement that one chip can only handle 4 hits in one event

Cheng-Wei Shih (NCU, Taiwan)
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The logic of chip (tentative, conceptual)

The FPHX chip manual Tentative conceptual conclusion

(The followings are based on the observations and limited understanding in the FPHX chip manual)
ley! e The sequence of signal processing does not follow the channel ID

\ 4> ' - The channels are categorized into 4 groups (phases)
e - The phase where hit is assigned to is based on the phase state

* |t seems that the sequence of data transmission of each phase is from
the hit with smaller channel ID to the that of large channel ID
* |t seems that the data transmission of the 4 phases follows some order

128 Channels

i : (cannot be all the phases at once)
A - Serializers ! .
g - It’s partially because of the FIFO
I A - In one period of time (say 1 BCO), one chip can send out two hits by
H e | : two data lines, SerialOut1” and "SerialOut2’
I I< e\ ” -
- Slow Controller oo | : The hlpOthQSlS:
" * e 2 out of 4 phases successfully send out all the hits to the FELIX in time
o Figare 2 - The FPhx Block Diagram - Result in the structure of zebra crosswalk
Key: relevant parts for this issue but not fully understood . Rest 2 phases can onIy send of partial hits to FELIX in time
Token Logic - Upon some channel ID (some where channel ID 43 or 46), it’s
The Token Logic divides the chip into individual channels, blocks of eight : : :
channels and banks of 32 channels. It performs this division with three token tiers. The already out of time (open_time). The FELIX servers therefore reject
Tier 3 token selects which bank of 32 has access to the bus. The Tier 2 token selects h h .
which block of 8 has access to the bus. Finally, the Tic?r -l token selects which individua}l t € |tS
::(l)lil)rlllnt;:l:asthebus. A channel can only have the bus if it has all three tokens AND a hit _ ReSUIt in the b|g Chunk Irrelevant to the PPGOQ (maybe?)

The direct question would be, how long does it take to process one hit, and in what sequence the hits are sent to ROC?
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https://drive.google.com/file/d/1ZexVwBJcT5_2zy1F18qNFp7QF_3k0aoM/view?usp=share_link

Event of interest (EOI)

cut_corr

] Entries 360 )
Plot first made by CW J:/y/ oo
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Plot first made by Hao-Ren

o
o

50 100 150 200 250 300

nextINTTBCO - thisINTTBCO

The very next events of the EOI are very close to EOI in time wise
Hypothesis: Hits in FELIX been assembled with INTTheader (INTT_bcofull) and sent out to the down stream. Since FELIX
receives new trigger, the previous INTT_bcofull is overwritten. The hit assembly continues, but with the new INTT_bcofull

Can we probably just have a simple “BCOFULL_diff” cut?

Cheng-Wei Shih (NCU, Taiwan)
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Note: the hit transmission from chip to ROC: 1 hit / 1 bco

Y axis: A

Number of INTT hits

if Trigger fired

Open time 50
17 20

40 60 80

hit bco 0

Y& Next trigger ncollision 100

Open time 50

[

Open time 50

hit bco 17
hit_bco 35

>

In single event
Assumption:

1. BCOFULL & hit_BCO both start at 0 and the first trigger fired at BCOFULL=0
2. ncollision 100 bco & open_time 50 bco

100 120 140 160 180 200

Open time 50

___________________________________________________________________________________________

hit bco 86!

One strobe length 100 BCO

>
X axis: time, BCOFULL

hit_bco range 128 BCO

Maximal time consumption for one event, 178 BCO (Hits somehow with “hit_bco_127” arrived to FELIX + the set 50 BCO open time for this unique/fresh hit_bco number)

trigger happened within the “open-time”? what will happen?

+ Open time 50

>

Question 3.: As shown in cartoon, what if we have “hit_bco_0” in “this_event”, the FELIX is taking the hits with “hit_bco 07, but the next

If it’s the case, the issue we see in run 54280 will be different from that of run 20869 due to different trigger rate

Cheng-Wei Shih (NCU/RIKEN)
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InttBcoFullDiff w.r.t previous events SLENE
Code in GitHub

Runnumber | run time (min) nEvent Rate (Hz)
54279 60.133 5842231 1619.253
54280 60.183 10610255 2938.331

GL1BCO is used

h1_ThisBcoFull PreviousBcoFull 0 25000

60 0° h1_ThisBcoFull PreviousBcoFull 0 200 i msscoru rrev.
8 m Entries 1545979
& h1_ThisBcoFull_Prev... 3 i
> = 1000}— Std Dev 52.43
2 501 Entries 1545979 e
g - Mean 3168 g |
- 800
40 Std Dev 3127 i
30| 600|—
. 1/(3168 * 106 ns) = 2978 Hz i
20— 400}
10 :— 200 n
0 B ] ] | ] ] ] ] | ] ] —tb ! | | I I 0 B -
0 5000 10000 15000 20000 25000
This_Gl1BcoFull - Pre_GIl1BcoFull 0 20 40 o0 50 100This?_2co5l1 ngl(-')ull -1I§r%_GI11?3%oFEI(I)O

Somehow the distribution event bco is different from what we expected
But it seems to be the case, at least, the average trigger rate is matched
Somehow run54280 has higher trigger rate than the previous run — could possibly by re-tune the scale-down factor
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https://github.com/ChengWeiShih/INTT/tree/main/general_codes/CWShih/EvtBcoFullCheck
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InttBcoFullDiff w.r.t next events srreffix

nextINTTBCQO thisINTTBCO narrow

nextINTTBCO_thisINTTBCO_narro w

Entries 1999960
Mean 156.1
Std Dev 81.16

1800

Entries
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200

o | | |”-'|-'--'|--' |--|--”'|-“'| Lo --I-----I---I i

50 100 150 200 250 300
nextINTTBCO - thisINTTBCO

=)
o

Still similar distribution comparing to that of made of GL1BCO
It seems that INTT FELIX servers don’t deny the coming trigger signals even when the data processing is still ongoing
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InttBcoFullDiff w.r.t previous events

GL1BCO is used

Run23, run 20869

SPHENIX Work-in-progress

E‘ T T 1
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InttBcoFullDiff w.r.t previous events (narrow) gt

GL1BCO is used h1_ThisBcoFull_PreviousBcoFull_0_25000 _h1_ThisBcoFull_PreviousBcoFull_0_25000

x10

) = s F
§ - h1_ThisBcoFull_Pre... § s0[ o

< 14000/— Entries 966883 S _ThisBooFul_Pre..
@ 12000: Mean 5835 @ 35:_ zntrles 1641623
= — S ¢ 3593
c - Std Dev 4095 € ¢ ean

w - w 30} Std Dev 2581

20
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0 5000 10000 15000 20000 25000
0 5000 10000 Th}gfgﬂ BcoFull %Oé)r%(i(;n Bconusl?oo This_Gl1BcoFull - Pre_Gl1BcoFull
,n1_ThisBcoFull_PreviousBcoFull_0_25000 h1_ThisBcoFull_PreviousBcoFull_0_25000
~ 60 :10 _ x103
S I . 3 80[-
g h1_ThisBeoFull_Prev... & . h1_ThisBcoFull_Prev...
.8 - Entries 1545979 %,‘)’ Entries 1015582
g Mean 3168 = 60 Mean 1435
40 Std Dev 3127 Std Dev 1417
B 50
30:— 403—
B 30
20 run 54280 - run 54360
N 20—
101 1of—
ol T 00— 5000 70000 15000 20000 25000
0 >000 10000 15090 20000 22000 This_GI1BcoFuil - Pre_GI1BcoFull

This_GIl1BcoFull - Pre_GIl1BcoFull

The distributions look reasonable
To have the Poisson distribution with large A, to trigger rate has to be very low, few hundred Hz
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InttBcoFullDiff w.r.t previous events (harrow)

GL1BCO is used

h1_ThisBcoFull _PreviousBcoFull 0 200

run 54280

h1_ThisBcoFull_Prev...

Entries

Entries (/1.00)
o
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SPHE

,,,,,,,,,,,,,,,,,,,,,, run 54266
h1_ ThisBcoFull PreviousBcoFull 0 200
= 250 -
3 i h1_ThisBcoFull_Prev...
= - Entries 1641623
3 - Mean 124.8
£ 200— Std Dev 49.59
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L .
50|
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This_GIl1BcoFull - Pre_GI1BcoFull

Have the same dead time, 17 BCO (It may be the default set in the GTM? not due to the busy signal?)

INTT meeting
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Proposed selection: correlations, all events Bk €

Only evens with -10 cm < MBD_z_vix < 10 cm are included

all_MBDCentrality all_corr_MBD_INTT all_corr
all_MBDCentrality all_corr_MBD_INTT all_corr
n : £ : — 50001 . 5
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Proposed selection: correlations, post cut

PostBcoSelection_MBDCentrality

SPHE

Only evens with -10 cm < MBD_z_vix < 10 cm are included
Events w/ NextinttBcoFull - ThisIinttBcoFull > 61 are kept
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16,542 out of 1,166,243 events are excluded — 1.42%
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Proposed selection: correlations, post cut
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PostBcoSelection_MBDCentrality
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SPHE

| X

Only evens with -10 cm < MBD_z_vix < 10 cm are included
Events w/ NextinttBcoFull - ThisInttBcoFull > 188 are kept
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INTT meeting

62,298 out of 1,166,243 events are excluded — 5.34%

Cheng-Wei Shih (NCU, Taiwan)
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Distributions of the excluded events

Only evens with -10 cm < MBD_z_vix < 10 cm are included
Events w/ NextinttBcoFull - ThisIinttBcoFull > 61 are kept

MBDCentrality_KilledEvt MBDZVix_KilledEvt INTTNClus_KilledEvt MBDChargeSum_KilledEvt
_ MBDCentrality_KilledEvt MBDZVix_KilledEvt INTTNClus_KilledEvt MBDChargeSum _KilledEvt
8 oooF Enties 16542 | O Enties 16542 & F Enties 16542 | O Entries 16542
c - Mean 0.468 c 500 - Mean -1.166 < L Mean 1338 c Mean 448.8
4 200 'I- StdDev  0.2679| 0 StdDev  5.303| Y R StdDev  1678| Y StdDev 4615
180 B
160 400—
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120 300
100
80 200—
60
40 100[—
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0 | | | | | | | | | | | | | | | | | | | | 0_|||||||||| |||||||| ||||||||||| |||||||| |||||||||| - _||||||||||||||||IIHI|IIII|II
0 0.2 0.4 0.6 0.8 1 =25 -20 -15 -10 -5 0 5 10 15 20 25 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 500 1000 1500 2000 2500
MBD centrality MBD z vtx [cm] INTT NClus MBD charge sum

16,542 out of 1,166,243 events are excluded — 1.42%
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Distributions of the excluded events sprefix

Only evens with -10 cm < MBD_z_vix < 10 cm are included
Events w/ NextInttBcoFull - ThisInttBcoFull > 188 are kept

The omitted events

MBDCentrality_KilledEvt MBDZVix_KilledEvt INTTNClus_KilledEvt MBDChargeSum_KilledEvt
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0.2 0.4 0.6 0.8 1 25 20 -15 -10 -5 0 5 10 15 20 25 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 500 1000 1500 2000 2500
MBD centrality MBD z vtx [cm] INTT NClus MBD charge sum

62,298 out of 1,166,243 events are excluded — 5.34%
Seems to be no strong multiplicity/centrality dependence
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Trigger rate check

Under the same beam intensity and scale_down (same random generator, TMath::Exp(-0.00163*x) )

With the current hard-coded 15 BCO busy With hard-coded 200 BCO busy
h1 h
g - £ 22000F-
£ 300001 - E - h1
\ Entries 974016 20000} Entries 72955
i Mean 627.4 - Mean 811.7
=H0 StdDev  607.8 18000 StdDev  606.5
: 16000{—
20000 | 14000 |
- Trigger rate: 15035.4 Hz 12000F— Trigger rate: 11622.4 Hz
15000} — -
- 10000—
10000/— 8000}~
E x\ 6000— \
- N - N
5000— \\ 4000}—
: ™ - \\
- S 2000}— N
O 507005 15003000 250030503500 400045005000 QE b s L s L
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

InttBcoFullDiff_wrtNextEvt [BCO] InttBcoFullDiff_wrtNextEvt [BCO]

Assume under a given beam intensity, we achieve the 15k Hz trigger rate with the default firmware setting (15-BCO busy
window), if now we change the busy window to [200 BCO], the trigger rate drops to 11.6k Hz.

Additional 253,426 of events are killed = 26%
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Trigger rate check

With the current hard-coded 15 BCO busy

With hard-coded 200 BCO busy

45000

8 - %)
"= ~ Lo =
E 20000F h1 £ - ___hi
i Entries 962988 W 25000— Entries 624461
Fl Mean 442.8 - Mean 627.8
35000~ Std Dev 427.5 N Std Dev 427.8
30000 200001
25000F— _
= _ 15000—
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15000(— 10000/
10000/— : \
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
InttBcoFullDiff_wrtNextEvt [BCO] InttBcoFullDiff_wrtNextEvt [BCO]

To make the case with the busy window 200 BCO achieve 15k Hz, we will need to have the [beam_intensity x scale_down]
1.42 times higher. Which should be doable
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SPHE

Apple-to-apple comparison?

* High rate run in run 23 AuAu?

* |f the trigger rate is too low that there trigger span is longer than 1000, then it can be
different

* And see the behavior the fish-bone?

runnumber
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INTT timing D

1 bin =1 BCO (~100 ns) = bunch crossing 600— T — |9/12/2|024 ]
ough. %103 9/13/2024 E SPHENIX Internal a
50007 ' ' <PHENIX Prel - Run-24 p+p 200 GeV, Run 50889 -
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time axis

The timing resolution of INTT is limited by the performance FPHX chip
What important here is to understand the fraction of the hits moved to the next
bco due to the imperfect cross/fine delay settings
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Summary SPHE |x>

 INTT has the chip saturation issue (FELIX rejects the hits if they are too late arrived)
- One chip can have up to 73 hits with the given FELIX_open_time of 60 BCO*
- In the worst case, ~5% of the hits are rejected by FELIX in the run 54280
- The pattens of the hit maps of the saturated chips are one chunk + zebra crosswalk

- The chip saturation issue is correlated with the two spikes in the cluster phi size distribution (the sizes of the
chunks are 43 or 46 predominantly)

* We have learnt that the InttBcoFullDiff w.r.t the next event of events of interest (EOI) is very short

- This is the issue described in the slide 20 (Hypothesis: The INTTEventHeader is overwritten by the next trigger
while still doing the hit assembly with the hits associated with previous trigger)

* The InttBcoFullDiff * distribution is very different from that of run 20869
- The same distributions of different runs are checked, not major issue spotted, look reasonable
- The trigger rate of run 20869 is something like 300 Hz

* | would like to first come up with the proposal to have the InttBcoFullDiff w.r.t next event cut
- Reject the events w/ InttBcoFullDiff < 188 = 5% of events are excluded
- The performance looks good, the outliers are removed

- And seems to be no centrality dependence
*Need to confirm the unit of open_time
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* The cut-off can be seen in the chip occupancy distributions, the work principle of open
time is confirmed in some level

- In run 54280, one chip can have up to 73 hits per event and per hit_bco

- The half-entry chips have similar structures. Half of hits cannot make it be received by
ROCs, but the time is still spent

* The very next events of the event of interest (EOI) are very close to EOI in terms of the
time span

- Hypothesis: the INTT_bcofull is overwritten when the next trigger is received by FELIX
while FELIX is still proceeding the hit assembly with the rather late arrival hits
corresponded to the previous INTT_bcofull

- Would it be a severe problem in the p+p data”?

 We can possibly have a INTT_bcofull_diff cut. Some good events might be cut since the
distribution is different from what we expect due to the rather higher collision rate

- With the check of multiple runs, the distributions of event_bco_span look reasonable
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FPHX chip manual - 1 D

INTT meeting

One problem with this approach, however, 1s how to make it deal with variable
event sizes. For example, even though “four-hits-in-four-beam-crossings” 1s the
measuring stick for Phenix, events of only one hit will be very common and events with
more than four hits are actually desirable.

Fortunately, this architecture can deal with events of less-than four hits easily.
The only consequence 1s a slight inefficiency in the readout bandwidth. However, since
synchronization words will be output whenever there 1s no data to be output, this slight
inefficiency should allow the data acquisition system to remain in sync with the FPhx
chips.

Cheng-Wei Shih (NCU, Taiwan)
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Run description - 54280

 Spike appears at each end of MBD
* The mini-bias definition is not yet available (as far as | know)
* Live trigger available to constraint the MBD vertex Z

| : . . <\div> .
Hun #54280 EVBI“S: 204357 Date:Thu OCt -IO 06. 43:31 21 Trigger input channel Name enabled Scaledown Raw Live Scaled Live (%)
| MBD == 0 Clock yes 93810 33836274325 33663041357 358838 99.5
L ZVeriex
E 1 ZDC South yes off 102829214 102308816 0 99.5
“*9°E" NOT Sending Vertex to MCR
4000 F— 2 ZDC North yes off 98430768 95872319 0 97.4
35DD=—
= 3 ZDC Coincidence yes 60 9417100 9370209 1563672 99.5
3DDD:—
2500 z— 4 HCAL Singles/Coincidence yes off 30282609 30125423 0 99.5
zomf—
15mE 5 yes off 33836274325 33663041357 O 99.5
1000~ 6 yes off 0 0 0 0
500 — | b
oLl I | I 11 | | 1L I bl | | I 0 | 7 yes off 0 0 0 0
—60 —40 -20 0 20 40 vortex (B0
( — TR = RN 8 MBD S >= 2 yes off 86958423 86380777 0 99.3
f::: 5: 1 Fit 9 MBD N >= 2 yes off 85797943 85195687 0 99.3
o = Z,eons= 0.4 £ 0 cm =10 £0cm
e 10 MBD N&S >= 2 yes 0 10242665 10187457 10187457 99.5
12008 =
s 8 11 MBD N&S >= 1 yes off 18093659 17967450 0 99.3
:: 5: L MBD N&S >= 2, vix < 10 cm 4021509 4000602
mug— il gl i g et g 1
_5

L2
-

—200 —100 100

INTT meeting
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MBD N&S >= 2, vix < 30 cm
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Note: the hit transmission from chip to ROC: 1 hit / 1 bco In single event

Yaxis: 4 Assumption:
Humber ot INTT s 1. BCOFULL & hit_BCO both start at 0 and the first trigger fired at BCOFULL=0
if Trigger fired 2. ncollision 100 bco & open_time 50 bco
>
Open time 50
0 20 40 60 80 100 120 140 160 180 190 200
i‘% Next trigger
A
o
3
_ 4— Open time 50 S
o
ncollision 100 g
4 Open time 50 2 ' =
~ = - .|
8 <3| Open time 50 =
El §|
c ] >
One strobe length 100 BCO X axis: time, BCOFULL

e —————————————————————
i hit_bco range 128 BCO
: + Open time 50

Maximal time Consumption for one event, 178 BCO (Hits somehow with “hit_bco_127” arrived to FELIX + the set 50 BCO open time for this unique/fresh hit_bco number )>

 Question 2.: As shown by cartoon, what if the “next trigger” is > 178 BCO away from the first trigger? (I assume this is the most safe
case)

Cheng-Wei Shih (NCU/RIKEN)



Note: the hit transmission from chip to ROC: 1 hit / 1 bco In single event

Assumption:
1. BCOFULL & hit_BCO both start at 0 and the first trigger fired at BCOFULL=0

2. ncollision 100 bco & open_time 50 bco

Y axis: A
Number of INTT hits

if Trigger fired

Open time 50
0 20

40 60 80 100 120 128 140 160 180 190 200

7"\3 Next trigger
A

hit_ bco 0

Open time 50

ncollision 100

4 _Open time 50

hit_ bco 0

[

hit bco 86!

Open time 50

hit bco 17

hit_bco 35

One strobe length 100 BCO
h

>
X axis: time, BCOFULL

it_bco range 128 BCO

ﬁ
: + Open time 50

Maximal time Consumption for one event, 178 BCO (Hits somehow with “hit_bco_127” arrived to FELIX + the set 50 BCO open time for this unique/fresh hit_bco number )>

 Question 3.: As shown in cartoon, what if we have hit_bco_0 in “this_event", and the next trigger fired at “BCOFULL_128 (hit_bco_0,
again)”. In addition, the FELIX is still taking the hits for hit_bco 86 for “this_event”. What will happen?

Cheng-Wei Shih (NCU/RIKEN)



