Updates on KLM TSIM
Software Activities

2022-11-29



Work Packages

WP1: Verifying status of current version  Done
Current Trigger Logic

IO Model of Current Firmware Done

WP2: Back-to-Back flag Done

Additional Parameters Number of sectors parameter Done
WP3: MuMu B2B event In Progress
Perform Study Background studies In Progress

WP4: Webspace for publishing results Done

Publishing results (stash)

WP5: Simulation of straight line fit In Progress

Upgrade Implementation of straight line fit In Progress




Current Status of the KLM
Trigger



KLM-TRG overview
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Triggering algorithm
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FW status

B Inner layer channel information is being transferred to GRL. Both axis information presents,
checked in offline data.

B New layer counting scheme — both axis are counted independently.
KLM-TRG SLC was modified accordingly to the FW updates.

B One small modification to SLC : if input hits rate is too high (more than 5 MHz per sector), it
sends the corresponding flag to NSM2 where TRG SLC may catch this issue.

B KLM-TRG FW has been operating stably.

B DatCon-UT3 link is being lost sometimes (a couple of times per week?). Run abort fixes it.
Reason why it happens is unknown.

B Scints and RPCs times are not properly aligned still.




Straight Line Fit: Simulation



Signal Event

Cosmic Muons

KLM Trigger Upgrade: Straight Line fit

TOP VIEW
Forward .

KLM
T T T T T
1 1 I (R L |
TOP VIEW
Backward Barrel Forward .
| Bellell W
o ‘Super condusting coll i

[ e 58
=a\is [ eo M %
S @
o :

POz ayen) -
e _.;é::—'_.:...

D g

1P Chamber =
Y ~
4 ;52 coc i §!§
[ECL | o —— - Ece
A ] o B
X i3

s

KM

10
) 10t
=1500
2000 T T T T T T 107
500 1000 1500 2000 2500
X [mm]

Trigger rate:
Cosmic Muons ~ 5 kHz

Trigger rate Goals:
Single Muon <0.5 kHz
Di Muon <£0.25 kHz

Cosmic Muon Events
S 102

1500
1000

500

10t

—1000

—1500

—2000

T T lﬂu
1500 2000

X [mm]

ri :
o 500 1000 25008



Result of 2D Reconstruction
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2d Offset Comparison

patice gun * The two planes have a different
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mpact of the “Scale Factor” on the Bayesian
-actor

Comparison between MC generator and particle Gun with very high energy

KKMC Generator Particle gun 1000 GeV
20.0
20
17.5 n
q) ,h.
5 & 5 -
P 15.0 e 01 c o e 01
T © o 15 4
= o 02 | x = o 02
L 12.5 e 03 > U e 03
g o 04 |2 S o 04
%, 10.0 e 05| @ = e 05
k= o 06| O 5197 o 06
g 75 o 07 'd: g ) e 07
I L a :
L L
5.0 5
2.5
T T T T T T T T T T T T T T T T T T
0.0 0.5 1.0 15 2.0 25 30 35 4.0 0.0 0.5 1.0 15 2.0 25 30 35 4.0
scale_factor scale_factor

Efficiency Ranges: 0.1 =» efficiency in the range from 0.1 < x< 0.2

Efficiency Ranges



Straight Line Fit: Firmware



Straight-Line Fitter

* The Straight-line fitter entity is
split into two sub-entities.

Register * Geometry converter:

Takes raw KLM Digits and
converts them to 1D hits with X-
Y Coordinates

* Fitter:

Track Fit The fitter takes the 1D hits and
uses a least square fit to make
the track fit

1D Hits

Geometry Converter



Geometry Converter

* The Register handler translates the
reglster address in specific slope
offsets for specific sectors axis

* The data is then stored in RAM.

* The Digits are first stored in the input
FIFO and from there process by the
converter process.

* The Converter process has read access
to the RAM.

1D Hits * For Ever Digits it requests the
corresponding slope/offset
information from RAM

* It then uses Slope/Offset to convert
digits into x/y coordinates

Register

Register
handler

Request Geo
Data for Digit

]

Converter




Fit Parameter |
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Results

|
* The VHDL implementation gives
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Residuals (float version) as function of

position
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summary

.
* VHDL Version of the straight-line fit has been implemented

* In Simulation it shows perfect agreement with the C++ version
* Implementation has been synthesized on spartan 6 (SCROD board)



Points of Discussion

Input Needed Testing
* Merging into the main project * How can we test the new firmware
 TSIM: Currently the geometry data in on the actual detector

root file =@ Needs to be moved to the
Configuration Database

* Input and output matching

* Do we need someone at KEK or can
it be done remotely

, , , * What is the current procedure to
* What information does the trigger test UT3 Firmware

group want to have from this fitter
(TSIM)

 What information should be sent
to the “Global Decision Logic”
(GDL)



Backup
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Geometry Converter

]
 Common interface containing:

entity geometryConverter_full is clk, rst and register interface
port ( . . . .
clk . in std_logic; * Input data-stream is KLM Digits. This
rst : in std_logic; record is already used by the current
reg : in register_32T; UT3 firmware
o | | * KLM digits don’t allow for back
hit 1d_1 : in TrglDHitFormat; pressure. Therefore, Digits are stored
hit_ld_i_missed events  : out slv_16; in a FiFo. If the FiFo Overflows, it will
hitld out . out hitid; miss events. Missed events are ;
hitld_out_ready . in std_logic counted in “hit_1d i _missed_events”.
Y * “hitld out” is the 1D hit output from
end entity; the converter.

* Together with hitld _out ready it uses
an AXl4-Stream interface to send data
to the next module. (It handles back
pressure)



Register Handler

read data s(reg, x_slope, reg x slope);
read data s(reg, x _offset, reg x offset);
if is slope register (reg.address) then
write value(ram_slope, convert ram addr(reg.address) , reg.value);
end if;

if is offset register(reg.address) then
write value(ram_offset, convert ram addr(reg.address) , reg.value);

end if;



Applying Geometry

if isReceivingData(in_fifo_TX slave) and ready_ to_send(data_out_tx_master) then
observe _data(in_fifo_TX_slave, v_hit_1d );

read_addra := convert ram_addr(v_hit 1d);
request addr(ram_offset ,read _addra );
request addr(ram_slope , read_addra );

if is read addr(ram_offset , read _addra) and is read addr(ram_slope, read_addra) then

read_data(in_fifo_TX_ slave, v_hit_1d );

v_hitld out := Make_ 1D hit( layer => v_hit_1d.Layer,
Channel => v_hit_1d.Channel,
y_slope => get value(ram_slope ),
y_offset => get value(ram_offset ) ,
Sector => v_hit _1d.Sector,
Axis => v_hit 1d.Axis,

Subdetector => v_hit 1d.subdetector
)

send data(data_out_tx master, v_hitld out);
end if;
end if;



Fitter

I
 Common interface containing:

ey ](Li”er‘“tte'“—‘c““ IS clk, rst and register interface
clk : IN STD_LOGIC; * Input Data-Stream is 1D hits.
rst : IN STD LOGIC;
reg : IN register_32T; e Data stream output is fitted
hitld in : IN hitld; track data (klm_trg).
hitld in ready : OUT STD LOGIC; e Kim trg out is streamed out
klm trg out : OUT klm trg after a certain amount of clock

) cycles without new input.
END ENTITY;



Output Record

e EE—————————————
* This recordisthe1to 1

type klm_trg is record equivalent of the TSIM output
event _nr : slv _32; class
slopeXY : slv _32;
;;)t(i"eptxy f iz—gg * |t is not yet clear how the trigger
chisgXy . slv 32; group wants to use this
nHits : slv_32; information therefore the
Axis P slv.32; output types are all slv 32. Also
Sector : slv_32; P yp =" ,
Subdetector : std logic; at the moment there is not back
valid - std_logic; pressure implemented

end record;



Fitter: Accumulate Process

IF isReceivingData(in_fifo TX slave) THEN
i _readout_counter<= (OTHERS => '0');
observe data(in_fifo TX slave, v_hitld in 1);

nHits <= nHits + 1;

request_addr(ram_data, geo position_to number(v_hitld in 1));

IF is_read_addr(ram_data, geo position_to number(v_hitld in 1)) THEN
read data(in_fifo TX slave, v_hitld in 1);
update add(ram_data, X => v_hitld in 1.x, Y => v_hitld in 1.y );

END IF;
END IF;

procedure update_add(signal self :

begin

self.
self.
self.
self.
self.
self.
self.
self.
self.

s2m
m2s

m2s

m2s
m2s

<= linear_fit _ram T _s2m Z;

.wea <= '1";
m2s.

addra <= self.addrb_current;

.sumX_r_dina <= self.s2m.sumX _r_doutb +
m2s.
m2s.

sumY_r_dina <= self.s2m.sumY_r_doutb +
sumXX_r_dina <= self.s2m.sumXX _r_doutb

.sumYY_r_dina <= self.s2m.sumYY_r_doutb
.sumXY_r_dina <= self.s2m.sumXY_r_doutb
m2s.

nHits r dina <= self.s2m.nHits_r doutb

end procedure;

+ + 4+ + < X
e weo

inout linear fit ram T ;

x*x;
y*y;
X*y;

X : in

signed;

Y :

in signed )

is



Fitter: Calculate process

IF readout = '1” THEN
addr_counter <= STD LOGIC VECTOR(unsigned (addr_counter) + 1);

request_addr(ram_data, addr_counter);

hit_geo := number_to geo position(ram_data.addrb_current);

IF unsigned(ram_data.s2m.nHits_r_doutb) > © THEN
reset addr(ram_data, ram_data.addrb_current);

klm_trg out.valid <= make_klm tr(hit_geo);
klm_trg out.nHits <= ram_data.s2m.nHits_r_doutb;

denom := calc _denom(ram_data);
Slope _nom := calc Slope nom(ram_data);
offset _nom := calc offset nom(ram_data);

IF (denom /= ©) THEN

fixed point shift( denom , Slope nom , offset nom );
klm_trg out.slopeXY <= Slope_nom /denom;
klm_trg out.interceptXY <= offset_nom /denom;

END IF;
END IF;
END IF;



