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Introduction

FOCAL-E

» Location ensator magndt O CALH
L 4 Iocz(aited 7m away from the IP(Interaction Point) ,slightly inside the 7_’ !
L3 door. ]

>>Should be located close to the beam, far from the interaction point(IP)
>>The compensator magnet poses a upper limit to the furthest location from
IP available for FoCal installation

>>3.4 < n < 5.5 over the full azimuthal coverage(pseudorapidity)

» Composed by three different
technologies

€ Electromagnetic calorimeter(Pad and pixels sensors)
FOCAL-E PAD

® 18 layers of silicon pad sensors of 9 x 8 cm”2

® Padsize 1 cm”2

® Readout with HGCROC v2(High Granularity Calorimeter ReadOut Chip) R
FOCAL-E Pixel v
2 ALPIDE pixel layers

Monolithic active pixel sensors(MAPS) with pixel size of ~30 x 30 um”2

Hadronic calorimeter(Copper/fibers)
9 Cu-scintillating fiber blocks

Block size ~ 6.5 x 6.5 cm2

Length ~110 cm
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> FOCAL-E Model

. The FoCal-E is made of 20 layer

18 instrumented with Si-PAD and two (the 5" and the 10t)
with Si-Pixel detectors

2 PAD&Pixel segments and 3 Pad segments form a module.

Stacking 2 x 11 of them makes the two half detectors
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i:; et ) J{ . V: Previous
LT Rl el -
”““”””“JJ”‘{JLLJ”‘I Multi-chip strings

OB 15-chip string Previous design:2 types

y the IB/OB 15-chip string

- : ; ; : the OB 15-chip string
! g s H =
== | ] il =50l Sa==1]
5 mbj:ié”‘]iiju A7 M|J§Ll:m L”iwjﬁ :j Ij MFLH“ Latest design:3 types(August 31, 2023)
""""""""""""""""""""" A the IB/OB 15-chip string

IB/OB 12-chip string the OB 15-chip string
--S-ut:S(:ing I-I-Bi-- _5_"_5‘_"{2_ |-52- -s_bs_( 29-3-0-53-- SubString 4 - OB4 the IB/OB 12-Ch|p String
i J Ja J,o J Jg J:L.Fm.l bl JieYi, 2023.11.17 4




FOCAL-E Pixel Layer

FoCal-E Pixel Layer 5 Simulation Chip Modes
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® Pixel layers at FoCal-E Layer 5 and 10
® The detector consists of 22 patches per layer each with 6 pixel strings.
® Each pixel string contains 15 ALPIDE chips

® 1980 ALPIDE(Alice Pixel Detector) chips per layer
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FoCal-E Pixel Layer 10 Simulation Chip Modes
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SystemC Framework

» String Models in Current SystemC model

Inner string, 15 alpides

= "."::::.,." B - "."::::...H - P‘"’" . H =5 ” —— "NM‘WM H""‘“ s 4 x 15 Focal_I3_13_03_06 strings per layer

e se == 2 x4 x 15 x 6 inner mode links = 720 links
2 x4 x 15 x 2 outer mode links = 240 links

|\ i_\

6 differential lines 4 differential lines 2 differential lines

: | =
\
Data 960 Mbis - TRGICTRL | Data 320 Mbis

Outer string, 15 alpides

mu.a’fi:ﬁmm | {MB}F.'::%";:’ (e N:':““'“"’ﬂ S 4 x 18 Focal_03_03_03_06 strings per layer
) \L'%J e e 2 x4 x 18 x 4 outer mode links = 576 links

NI

Alpide 0 ” Alp.sn I Alpide 2

string Group o
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Data 320 Mb/s TRG/CTRL |
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» SystemC Framework Basic Structure

Schematic overview on the functionalities of the FoCal-E Pixel Simulation Framework

String Interface (x 264)

String

String Group 0
Inner Mode

String Group 1
Inner Mode

String Group 2
Outer Mode

‘ Alpide 0 H Alpide 1 || Alpide 2 Alpide 3 H Alpide 4

Aﬁdei‘

|

Apide6 | Apide7 | Alpide8
Master | Slave Slave

|

Alpide 8 | Alpide 10
Master Slave

Outer Mode
Alpide 11 || Alpide 12 | Alpide 13 | Alpide 14
Slave Slave Slave Slave

Data links

& differential lines

O .
e

2 differential lines

L[ Data 320 Mb/s

4 differential lines.

TRG |

Control links

SYSTEM CLK

Unit

Data link parsers

Statistics Output
Data rate

Busy

Busy Violation

Event / trigger generator
-Trigger ID-

Physics Event File

Input for the pixel hits : simulated minimum bias
events(generated with the PYTHIA event generator and
processed with FoCal simulation framework)

The particle hits in the pixel layers are transformed to pixel hits
in the chip internal coordinate system

The pixel cluster generation model is applied for the formation
of a realistic occupancy.

Default

Mean cluster size  Ngjgize =

Mean cluster width 0 sjze = 1.4

The core of the framework is the digital simulation in SystemC of 264 pixel strings with 15 ALPIDEs each

(here shown for an inner mode string).
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Link saturation

PYTHIA Min. bias, pp s = 14 TeV, 1 MHz, At =10 us ALICE FoCal-E Pixel Layer 5
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1 frame is the highest(approximately85%)
2 frames at 12%
The inner data rate on the inner links will be operated with good margin (> 10%) to the full link speed JieYi, 2023.11.17 3

The outer mode links are simulated to run occasionally on full bandwidth of 320Mbps after having been hit by an high occupancy event.



Link saturation

The proportion of saturated 3-group outer chips
to the total outer chips:

hDLinkSat for 3-group chips Outer Links layer5

3-group chips outer link saturation duration

hDLinkSat for 3-group chips Outer Links layer10

> trrame X N3—group.sat % 'O‘f
Z tframe X Ntot.sat L
10° 1=
Layer 5: 8450/13600=62.1% =
Layer 10: 6654/10532=63.2% i
10
0 1

3-group chips are more prone to saturation
Average duration of saturation is higher than that of 6-group chips

Saturation Percentage of Outer Links layer5
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The percentage of saturated Outer links out of the total Outer links each time.
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Matrix

Frame and ReadOut Management Unit(FROMU):
controls the framing and readout in the chip
keeps track of which buffers of the MEB are in use

Region Readout Unit (RRU):
readout of pixels from its region in the pixel matrix into a region FIFO

Top Readout Unit (TRU):
Readout from the FIFOs of the RRUs
framing of the data

3-line global signal

STROBE: latch a hit into the current Hit Storage Latch
MEMSEL: read from the latches

8 Store up to 3 pieces of data
row )@E( .Lxd\l
> BufferiC ] (. )
— Readout
== ol i D RRU TRU
MEMSEL
\ >
STROBE
FR )I\IU RO Start
%‘
TRIGGER <
TRIGGER t 4 t ¢
STROBE — (il — Gl — Gl 4D
MEMSEL — D) @D @D
RO Start T T f T
RO Done T T f f o—
q\ anmso» eosmmmm e =

ty to* Atframe fo * 28tfame tg + 3Atame fo* 4Atame tg* 5Atame to * 6Alrame
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MEB
SRE

tg + 3t fame

MEB

to + 3Atyame

BUSY
iolation|

MEB

1o+ 3Alrame

Busy Violation

to + 4Atame

tg + 4Alame

stobe

tg + 4Alirame

BUSY
iolation;

MEB

1 + 3A%rame

tg + 5Alame 1o+ 6Alame

to + 4Alame

continuously triggered mode(Default)
ftrigger = 100kHz

R — , 1
R = 10us

At = —
frame ftrigger

to + 5Atame tg + 6A%ame

*  When the pixel is active during the opening of the strobe window,
the pixel hit is latched into the Multi-Event Buffer (MEB) and remains
there stored until the matrix readout of the event has started.

BUSYV happen in the pixel matrix / RRU and the “slow” pixel readout

(50ns/pixel)

o+ 5Akame o+ Atame *  High occupancy events

* Not dominated by data link speed
__When the trigger rate is faster than readout rate

Busy Flag:

tg+ 5Aame to + 6Alrame

The pixel hits are being latched to the last free position in the MEB

Busy Violation:

There is no free slot in the MEB left to latch the pixel hits

The chip skips this trigger

The pixel hits are entirely lost for the newly requested time frame.
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Frames

FoCal Pixel Busy Violations Plane5
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Busy Violation

FoCal Pixel Busy Violations Plane10
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Busy violation rate per chip in the order of
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Busy Violation

Consecutive Lengths for layer5
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Busy Violation

Consecutive Lengths for layer10
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Solution for Busy Violation

Various options are being studied:

* By back biasing the ALPIDEs, the average pixel cluster size can be reduced probably from 4 to 3, thus reducing
the overall occupancy in the pixel by roughly a factor %

* Increasing the time frame length provides more time for the pixel matrix regions to be read out, and reduces
the number of events which are being latched twice since less triggers are sent.
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Summary

* FoCalis part of the upgrade project of ALICE during Run 4 (starting from 2029)

e Link Saturation
-Inner link and outer link operate smoothly in most cases

-outer link have approximately a 1% probability of reaching link saturation

e Busy Violation
-Inner links are more susceptible to busy violation and they tend to last longer

-Most are just one single frame of Busy Violation

-Pixel Layer 1(Layer 10) tends to have a longer duration of Busy Violation

e Solution for the Busy Violation
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Thanks for the attention!
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