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Apparatus for Meson and Baryon

A new largearea Micromegas detector and Its RSN R gag e
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Presently 33 institutes
from 14 countries, but
there is no upper limit
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program

Aglifelge]le]gRe](ele[FIeiile]aW 50 Ge\k 280 GeV LH, LHe Liquid He target
crosse section rotons
> Done (2023 2024)

Proton radius 100 GeV muons High pressure Active target TPC, Phase 1
measurement Hydrogen tracking stations
2025(test)q 2026 (SciFi,Silicon (approved)

BICEINERNNEEEIENER 190 GeV chargegions Carbon, Tungsten Vertex detector
with pions 2023 > 2032

BICIRENRNEEEIEINER ~100 GeV charged Carbon, Tungsten Vertex detectors,
with Kaons Kaons Gr OUABS |06

Prompt photon > 100 GeV charged  LH, Nickel hodoscopes
measurement Kaon/pion beams Phase 2

K-induced 50 Ge\t 100 GeV LH Recoil ToF forward PIL . .
spectroscopy charged Kaons — (l N preparatlon)
Meson radii 50 GeV to 280 GeV / Beyond | S4

chargedpionsand ,

Kaons \\ _
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APXs
(20232024)

Antiprotonsarisefrom spallationprocessesnd possibleDM
x  WEb. decays Theirflux interpretation needsgood parametrization
of the standardproductionin the typicaloccurringreactions

g T
X PR g b (9P o
J.Heseig, . D = ;‘;rﬁ ~
MIAPP2022 ti/f//\/{\ b (A°h ® b $9D
| | | | .
\ \ \ -
Oct 2022 May-July May-July
S et 1 week 2023 2024
Test run Physics Physics
APXS APXS APXS

Minimum bias trigger beam trigger with veto on nen
scattered beam particle

The major uncertainties in the current antiproton flux interpretation stem from the poor knowledge of the antiproton
production from prompt reactions (mainjy#+pandp+He and from antineutron decays.
AMBER collected data at different collision energis " = 10.7¢ 21.7 GeV) to precisely measy¢He p+Handp+D




PRM
(2025/2026)

P t d 1 I ECALA SM2
rotonradius puzzie HCAL1
ep scattering MAMI 1 A - Bernauer et al., Al coll. [PRL 105 242001 (2010)] \ .
SM1 Muon Filter 2
up spectroscopy CREMA - Pohl et al., CREMA coll. [Nature 466 213 (2010)]

All ep scattering data, no MAMI A A - Zhan et al. [PLB 705 59 (2011)]

CODATA (2010) 1 v - Mohr et al. [Rev. Mod. Phys. 84 1527 (2012)]

up spectroscopy CREMA A - Antognini et al., CREMA coll. [Science 339 417 (2013)] ,
% Muon Filter 1

CODATA (2014) 1 v - Mohr et al. [Rev. Mod. Phys. 88 035009 (2016)] RICH1

ep spectroscopy ° - Beyer et al. [Science 358 6359 (2017)]

ep SPectroscopy - . - Fleurbaey et al. [PRL.120 183001 (2018)]

CODATA (2018) 1 A - Tiesinga et al. [Rev. Mod. Phys. 93 025010 (2021)]

ep scattering MAMI + A - Mihovilovic¢ et al. [arXiv:1905.11182 (2019)]
ep Spectroscopy - L - Bezginov et al. [Science 365 1007 (2019)] . - -
| | | Missing muon-proton with E, of 10- 100GeV
ep scattering JLab A - Xiong et al. [Nature 575, 147-150 (2019)] =
up scattering AMBER A a - Proposal AMBER [SPSC-P-360 (2019)] A Testof Iepton universality
0.82 0.84 0.86 0.88 0.90 . .
r, (fm) A Differentsystematicsomparedto others

® Hydrogen spectroscopy
Muonic hydrogen spectroscopy

® Electron-Proton scattering Proton RadiusM easurement@ AMBER
® CODATA Summary
® Proposal AMBER (arbitrarily placed in the center) A Almed precisionof ChargeradiUSbelOW 1%

A AimedQ*range 0.001Ge\#/c?to 0.040Ge\#/c?
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DY (post LS3)

o Iy =o"
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T C.

. only valence-valence

= 02 _
:_-é [ ™ 190 GeV I mA3ike expariment ® Ts=40""C— o™ € no valence-valence
e [ 1 {  Propoesd expariment @ Collect at least a factor 10 more statistics
l'é 015 — } . { than presently available
= - i B F ! ]J . . . . @ Minimize nuclear effects on target side
- ! : Pion structure in pion induced DY « Projection for 2 x 140 days of
01 :
- Drell-Yan data takin
- { 3 Expected accuracy as compared to NA3 je)Tan cata taking
B 1! 5 o T to m~ 3:1 time sharing
005 - {' EI e 190 GeV beams on Carbon target
- k ¥ (1.9AF
= ]- o Improvement of shielding to double
oL By | | e £ the intensity is under investigation
0 02 04 06 08 1
X]T
= 2.5 1 NAS exiraction [DY =7 and =" data] Experiment Target type  Beamenergy (GeV)  Beam type  Beam intensity (partfsec) DY mass (GeV/c®) DY events
H" - ——— SMRS 10% sea contribution
I T SMRS 15% sea contribution i
~ 2 e SMRS 20% sea contribution E615 20em W 252 “ 17.6. 10 405 - 855 50D
@ = Projection for 280 days on C-target ® 18.6 5 10 30000
[#N] - R 7 )
1.5 } 0cm H, 200 . ;_E: . ;:; 41-85 If’]
- NA3 - -
- + 10107 1767
1= 6cm Py 200 i e 4.2-8.5 '
- n 3.0% 107 4961
£ 4.3<Ilil.-'(G¢'o’al’c)<8.E 1 1 1 1 1 1 1 IRE 42 -85 7800
070270804 08 08 07 08 09 1 120cm D, o " 65 107 v o
Ralo 286 42-85 49600
= 25 12em W 194 n 65 % 107 407-85 155000
o - 140 43585 29300
R vty 0N 1o S
Bl - S 7
- . ; 43-85 21700
1 5E 190 P 1.7 5 107 a0 _as 21000
— .J‘ﬁ cm O : - :
= 7 43-85 67000
- 190 . 6.8 % 107
1__3.3-("."(33\”!:)':3.5 AMBER ' 4.0-8.5 1100
I S S S S R R S ' 7 43-4.5 B300
01 02 03 04 05 06 07 08 09 f b em W 10 " 04510 40-85 11700
. 190 = L6 107 4385 24100
Sea quark content of pion can be accurately measured -y LI Gl

at AMBER for the first time

22/09/2025

Isoscalar target 4+ Both positive and negative beams

Probing valence and sea quark contents of pion at AMBER
Expected statistics 8 to 20 times higher than available

+ High statistics



Whywe work on the MM project
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(Peo3 04)

Fl04 FI05 MW11  MW12 ECAL2 HCAL2

Fiol

MW24 p5 26

X In the present AMBER setup one of the main tracker are the MWPC stations

Presentsituation Reasonablsituation
V Triggered DAQ C TriggeressDAQ
V Degraded detectors » C Maintenanceavailablefor alongperiod of time
. C Collaborationbetween,experts,ASIGeamsand
V' Limited Team CERNVPT& GDDworkshops
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Till 2024

Decidedpat

COMPASSIWPCs
possible path to
the future

>

After 2024

Existing detectors

nto the future

Trigger less
DAQ(2025H

% New FE—

22/09/2025

R

New detectors

s New FE—
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Baserequirementsfor MWPCgeplacement

Characteristics of the COMPASS MWPC detectors

A-type A¥*-type B-type
# of chambers 7 1 6
Activ area (o)
# of layers/chamber 3 4 2
Planes X UV X, UV,Y X, U/v
Dead zone © (cm) 16-20 16 22
Wire pitch (mm) 2 2 2
Anode/cathode gap (mm) 8 8 8
# of wires/plane 752 752 (X, U, V), 512 (Y) 752

U To reasonably match the existing MWPCs

U To see if we can be bettat low cost

|

MPGD to substitute it?

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER



Micro Pattern Gaseoudetectors Micro Mesh GaseousStructure

akaMicromegasakaMM

PP P 0
LT T T T

e MSGC 18 ym C
e Micromegas

e GEM

e Thick-GEM, Hole-Type Detectors and RETGEM
e MPDG with CMOS pixel ASICs

e Ingrid Technology

CMOS high density
readout electronics
Drit Cathode / -
Ve = 720V X~
HV1 =730 Cathode Mesh snmsmmsams EESEEEEEEEE Y Cathude Flane
ﬂ
4 Kigw Conversxon Gap 5 .
£ onisation Region athode
|- o ()T =
2 bottom/anode ,7&, el AL E=eRvAa
Micro Mesh \'C"‘T Transfer G"‘P i PGS £
B ILul). ESERREREERE & | HV2 = 40V Ier Ve | ga /
£ —_ THGEM 2 i AN
£ Amplification Region Ay ey
| P g 40Kviem A {13 @
[ E LN - - % 7
Induction Gap P i 2
MS region  Hole region
lonising Particle Anode Meshnsunsneusnssnsennennnn

. o L".‘, ..'

\ Classic Resistive

Micromegas GEM THGEM MHSP Ingrid | Floating Bulk
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Conceptdesign(1)

Reduce the material budged? Spark reduction? Technology limitation?
L V Common cathode configuration L V Resistive configuration L V Staggered detector configuration
1,5m
—
150 umI
) mmI
N\ ~60 cm
DLC, 10 M/O : LR %\W&\

No thick frame allowed in the acceptance?

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER 11



Conceptdesign(2)

X - coordinate readout planes UV - double coordinate readout planes
U common cathode design .
g l . l l FEBs for X-Strips l l FEBs for U-Strips
I H ff' A .'Ilglr 'R'R {'.' 'l
. Q , ”//Uﬁ - 10FEB: 128 RO
U 2 types of modules 3 At ) Il .’./f'./"-/ /ﬁ [ //// channels each
Wlth dlffe re nt anodes (@] i +  X-Strips: 512 \ )'../I'I/I)/.f. fl. I', | ',/I' ﬂ.l WY, I' : U-Strllps‘: 212
2 1m HM/’”)/”//(N [+ vesties:s12
c_s «  1mm strip pitch Il/:l/w' fl.l '. /',/',/III ,y I'I. | '. I'I/ . o srppitch
E s 512 mm area I//I)/)./)./.)/ I', III/IHI}II/;:X:II /'.
X - coordinate readout planes *('_5, covered by strips '} '.,'-I//'(/ff X//I" l Iﬂ {/ -;I\
% I!/Ii/ Is/ ]/ .I: / /{ Jl: fl A il'". /I' |/ 10° U-tilted
= FEBs for V-Strips
> = TIILL
IE 512 mm
UV - double coordinate readout planes FEBs for X-Strips FEB for short U-Strips FEBs for U-Strips
T [LATERAL modules . . . . l . FEBS for half of the PADs l . l l
M NTANY TV . )
= 512 X-strips LATERAL O : 9hFEB:1|28RL'|: f// i{ /3}/// /// '. :ﬁ:::;f;fho
dul — channels eac VATV TVY T e uestrips: 512
¥a ) A . n;iltlili?strips _g 128 rrm * K-Strips: 512 '. 'll( '}‘/ : /,I/u /){',/ﬂl' Ilfli/'llfé'l 'III', /l.l NE :;-nlgft U:tripS;
, f—;,- i m O i ;;E}?icl;-rir;:iu;i; g @ * HalfX-Strips: 128 m || .///'( i./ / / V'Sl;”‘fs;su_
s Im . f I/,/‘ A Half V-strips:
/beam PADs CENTRAL module | — S 512 PADS i ! / X 18
ya * 512 UV-Strips + dead [ - I /1 ‘I \\/\ VNV
area CENTRAL madule b +  1mm strip pitch I'. '.)/'u,/”'/f/ ./ X/ t'/{'f . +  1mm strip pitch
[ VAN .I | '.I \ Iu'”, {1
v ~ T Q ki FEBS for /l,/'/ { y //{ l }{f {1 '\ 10° U-tilted
) si2cm i CENTRAL module O FEBs for half of the V-Strips ——
_IRl Il i BEERRNAEN
22/09/2025 FEB for short X-Strips 513 mam FEB for short

\/-Strips



Conceptdesign(2)
U common cathode design

U 2 types of modules
with different anodes

X - coordinate readout planes

Top view

UV = double coordinate readout planes

|LATERAL modules

* 512 X-strips LATERAL

modules
2 X x'ﬂ = 512 UV-strips
e N\ LATERAL modules
¥ j,f" Im N\, * 512 X-strips +512
< beam PADs CENTRAL module
"'H 512 UV-5trips + dead

area CENTRAL module

fh
W
2

CENTRAL module

51,2cm
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Conceptdesign(3)

X shielding and connector layer : 35um copper
-3.2mm Glass epoxy
X strip layer : 35um Copper
-50um Prepreg

-50um Kapton e
XDLC layer
X mesh: 45/18

Drift gap : 5mm

Drift mesh : 45/18

: O
Drift gap: 5mm

U.Vmesh: 45/18
-pillars 150um

U.VDLC layer
-50um Prepreg

U layer: 35um Copper
I
V Layer: T/um copper
-3.2mm glass epoxy
U.V bottom shielding and connector layer: 35um copper I

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER




Conceptdesign(3)

X shielding and connector layer : 35um copper
-3.2mm Glass epoxy
X strip layer : 35um Copper
-50um Prepreg

-50um Kapton e
XDLC layer
X mesh: 45/18

Drift gap : 5mm

Drift mesh : 45/18

: O
Drift gap: 5mm

U.Vmesh: 45/18
-pillars 150um

U.VDLC layer
-50um Prepreg

U layer: 35um Copper
I
V Layer: T/um copper
-3.2mm glass epoxy
U.V bottom shielding and connector layer: 35um copper I
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Lateralmoduleprototype design

"0

.
|
- X

N

gas inlets/outlets

Mechanical structure

Survey point

X-coordinate R/0 plane

FR, gas vessel frame
Cathode PCB - drift electrode
FR, gas vessel frame

UV-coordinates R/O plane

Suspension holes

Alignment holes

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER 16



Lateralmoduleprototype production

Readout PCB design and production

22/09/2025

X-coordinate R/0O plane

EuNPC2025 | NewaMMand TORAASIC @ AMBER

CERN MPT workshop

(Micro Patten Technalogies)
>
512 strips
1mm pitch
750 um width

4 FEBs: 512 fe channels

1280 strips

1mm pitch

250 um U strips width

150 um V strips width

10 FEBs: 1280 fe channels

17



Lateralmoduleprototype testing

Delivered on 11.10.24 Transported and installed in the AMBER experim

e

Mechanics for transport and suspension mountecl

11.10.24

HV stability verified by MPT workshop experts
17.10.24

450V resistive layers
325V cathodes planes

resistive UV ~5nA
resistive X ~7nA
drift UV ~1,5nA
drift X ~3nA

We express our gratitude to MPT and GDD labs colleagues and all the community that supports us in the t
22/09/2025 EuNPC2025 | NewaMMand TORAASIC @ AMBER 18




Glimpseof the first operation1

500

450

"300

400

350

250

200

I OISR IO R Tl O O AT I T O TG T [ 0 0K

Gk THV res UV 500 N\ T "V ros 1
= 82 J’ ‘ ' res
i-_z..g..._.o—_: | : ' ! 4\ /
AR HV res UV 450 / 1
g*gigt HV drift 300 =3 : B[R RS S A W P ¢ J «| GND
2= E b nuuunumnummnun
X iR «—— | HV drift
‘ -§*_ currents reflecting our spills structure [ ] r
4 - [ GhD
" ' Eg _ RES UV current mm
¥, i é\ WV res
L O g i St L S Se il R i it e A S i " et il i st R i M T B S Rt St B el R il B e Rt A R Sl b el R -
12:37:00 12:40:00 12:43:00 12:46:00 12:49:00 12:52:00 12:55:00 12:5

26/10/2024 26/10/2024 26/10/2024 26/10/2024 26/10/2024 26/10/2024 26/10/2024 26/1C

Some trips were observed only in the initial operation period

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER 19



Glimpseof the first operation1

[
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L . e
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HV res 1

«{ GND

HV drift

<{ GND

'\

HV res 2
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Glimpseof the first operation1

HV res 1
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HV drift

GND
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Glimpseof the first operation2

Data rate: U plane

Threshold [dig]

30/
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169 200
Strip

(=]
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Glimpseof the first operation2

Threshold [dig]

\

N
o

30 i

—_
o

(=]

Data rate: U plane

Hl wlﬂm, il

<>||,||,|,||||

200

Strip
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Glimpseof the first operation2

Threshold [dig]

Data rate: U plane

SO l.d
!’ 1"
40

30

20

um

1"

Countsabove
threshold
over a fixed
time interval

i

200
Strip
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22/09/2025

Glimpseof the first operation2

Threshold [dig]

Data rate: U plane

Countsabove
threshold
over a fixed
time interval

200

Strip
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Glimpseof the first operation2

Threshold [dig]
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Data rate: U plane
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22/09/2025

Glimpseof the first operation2

Threshold [dig]
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Glimpseof the first operation2

Threshold [dig]
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22/09/2025

Glimpseof the first operation2

Data rate: U plane

Threshold [dig]
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Glimpseof the first operation2

Threshold [dig]

Data rate: U plane
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50 =
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Glimpseof the first operation3

Data rate: U plane

=

35,

o

2

je Baseline A Data tacking only

= possible on the short
strips

Thresholdinterval for
detectoroperation

——————>

A Unexpected behaviour
to be understood and
corrected

200
Strip
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Glimpseof the first operation4

Data rate: U plane Data rate: V plane

length_plane_U |q length_plane_V |0 -

‘ Why we see suchlaehaviour

% Meanx 4462 (4 % 3

£ t £ [4

g Meany 4596 | § |

5 sdOevx 104K = @ Capacitance vs position: X plane Capacitance vs Length: U plane Capacitance vs Length: V plane
SidDevy 7553

‘e’ X strips: 1m § §
20( c’/%) 500-— ' g 1000 531000—
400+ 800 800
|
:JI' |!|: 1 300; 600 6001
4 ' |:|Mi|" " I
0 200 400 600 800 1000 0 200 400 600 800 1000
StripLength [mm] StripLength [mm] 5
2001 400 4001
Wider thresholds distributions with longer strips
100; 200 2001~
Strips capacitance measured in Torino
ol N A L

200 220 240 260 280 0 100 200 300 400 500 0 100 200 300 400 500

. X St ri ps ra n ge : 2 1 O_ 2 5 O p F Capacitance [pF] Capacitance [pF] Capacitance [pF]

® U strips range: 30-530pF
o Vstripsrange: 28-450pF | We had to update the ASIC design features

21

Chiara Alice - DRD1 collaboration meeting - 10.12.2024
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Tarino Readoutfor AMBER ToORAASIC

[Defector ___|_MM__[ Straw | |

Channels/ASIC

A MPGDandWire detectorscompatible o | <
Input charge 1-100
Input impedance <50 Q
o . . Max Irate' <2
A Targetspecificapplication e e | 19
Charge resolution 8
Gain 12
ENC @10 pF 500-1000
A Limited complexity ENC ooy | R

Threshold range
Clock frequency

A Reuseexistingsolutions Channols 6l
Size 4.3x2.6 mm?
Power 640 mW

A 65nm Supply voltage 1.2 V
Gain 2.6,9,12 mV /fC

_ Peaking time 25,50,150,250 ns

A 2 stepdesign Main clock 200 MHz
Time resolution 1.44 ns I.IM.S.
Input polarity both

22/09/2025 EuNPC2025 | NewaMMand ToRAASIC @ AMBER 33



Analogln

-

ASIC structure

{E 2 B
Anal ou Channel |ipe | & | 3 &
naiog l < 3 S
out | Contro Dte | % | & |
channel " Unit § | % | S
peak LDpk | & & =
= =
A A A A 5
LDcfg

DAC_ThE 5 | o ~

DAC_ThT 5 %% %

DAC_If 5 3 S

mask, cal_en 2
7 channels

[SANEL]

TS bus

LE bus

TE_bus
Region

12 Control
Unit

TS bus

LE bus

TE_bu,s’

A Commontime stampdistributedto all channels

A 3 dataregistersfor time acquisition

A 2 configurationregisters

A Thresholdanddischargecurrentfine tuning

22/09/2025

=

Configuration Unit

Global

configuration

registers

PonRstb
<_

Channels 63-56 — Region 7 >

E:> Channels 55-48 :m Region 6 :E

= Channels 47-40 — Region 5 . >

= Channels 39-32 = Region 4 —>

- Channels 31-24 —> Region 3 —>

C—» Channels 23-16 — Region 2 '

c—» Channels 15-7 — Region 1 = —)
»|  Channel 7 i Region 0 v
> Channel 6 a Readout —

2l Unit

Channel 5 -
- ™ | 16 cells FIFO —>
> Channel 4 il
»/  Channel 3 il :
»  Channel 2 > et
- Channel 1 > | Configuration —
g > Unit
»|  Channel 0 > >

Global R/O Unit

64 cells FIFO

>
100 Mb/s

Address
<_

RstSync
<_Cl ock
<_

TestP
<_

200 Mb/s
»

200 Mb/s
»
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Analog part (single channel)

U Charge Sensitive Amplifier
A Fourgains: 2,6,9 and 12 mV/fC

A Possibilityto acceptinputsfrom both polarities

U Shaper

gain control
Ibuf SHA

polarity

A 3dorder,onerealandtwo ccpoles

A Programmableeakingtime : 25, 50, 150and 250ns

U Doublethresholdsignaldetection

A Lowerthresholdfor time measurementhigherthresholdfor validation

A Peakdetectorsignal

A Peakholderfor chargemeasuremen{viaToT)

A LinearToTmeasurement

22/09/2025
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BS v
thT J— measure
BLH
- l——]
validate
o >
~
va —
- Channel >
. Control .
Logic N
< =2
5| 2| £
| | Peak S| ¥ 2
shaping time detector o TS
control peak_found E| S
L 12126
Ramp stop A 1 7
generator >
095
V
0.9¢ f\
| T
\/ |
0.80 \ |
4000 4500 i 5000 6300 7000
"anlm]
LE-TE times ‘|
Peak time
10T end | ]
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Ongoing work

V The design of V Delivery of the V Initial V Bonding of the
the TORA ¢ has ASICdrom TSMC inspection ToRA % onatest
been completed on 11.09.25 in Torinoon PCB and smoke
in 05.2025 15.09.25 test passed on

18.09.25

2® TOAST Testboard g
SNm M.Mignone 05/2021
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Conclusions

U Firstsuccessfulest operationof the LateralMM achieved

U Detectorlabtestsareongoing

U ToRAv1l ASIGlesignwasoptimizedon
the baseof first detectortestsandthe

ASI|Js beingtestedin lab conditions

& . 0"" ., ,l\. ._.. 'll
ST W N o
A d shg & of o

-~ (INFN
[ ~ TORINO

U Testcampaignin beam conditionsis
plannedfor 11.2025

37
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Spares

22/09/2025
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Lateralmoduleprototype testing

U HighVoltagestability

U Noiseperformance& shieldingoptimisation

U Firstdata(beam/cosmic$

U CompareArCQ (93/7) and ArCQlsoP3/5/2)

U Wewill haveour parasiticsetupin the AMBER
spectrometerfor the whole beamperiod

U We needto achievea stable operation/understandthe

problemsbefore startingthe layoutof the Centralmodule

U Firsttest with the TORAASIC
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AMBER TIGER-based readout chain:

DATA

Lv

DATA

Lv

DATA

I

DATA

LV

DATA

- ' LV x
DATA FCS Local Fan out
s — g |

|LV

GND

\@@@mEE T swich

\

AMBER-micromegas_FE
designed at INFN To

TIGER-based front-end board

22/09/2025

A

Data and Low Voltage Patch
Card - DLVPC
designed at JINR

adapter for data and LV

GEMROC modules

Local FAN OUT
designed at INFN Fe ol TAN

designed at INFN Fe

Configuration and control
signal distribution
Data concentration

Trigger and clock
distribution

EuNPC2025 | NewaMMand ToRAASIC @ AMBER

6 TIGER-febs available:

768/1280 UV
512/512 X+
256/1280 UV
connected (from
shorter strips)
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Analysis tools: charge distribution eFine disbution (ol sirips,afercut)

g il Entries hS:oTtsﬂe.m C
HV set 450V 475V 480V 490V 493V 495V g s %
= Mean y 364.7
RUNO | RUNO | RUNO RUNO RUN1 RUNO 5 aites  pelk
) Std Dev 1.
AECORRNE | clhe: | b Sub2 Sub3 Sub0 Sub4 —
sl W "
mixture "4H 1 0" RUN4 | RUNS5 RUN2 RUN3 -
(7))
93/5/2 Sub0 Sub0 Sub0 Sub0 -
=,
T S - 7))
i | s' i ' 1 Lﬁﬁ
| RUNO Sub4 | sp * f\;a i
| ; 1. P | 1" Ll L1 AR
non . iy
|
l =
I =) Ly | . | Entries  3.6726050+07 |
i I ‘ac—f fi) k4 ' 11381 ' o Meanx 2997 0
He Mean 2173
i | s st Deyvx 17.3 0
I I Std Dev y 293l
I I =
| L I
| I ' :
R R R RN R R R R R RN R RN ERF R RN ERRRNRRRRY EERERSRRTEERARN TR I;j':‘m“l I | ““ ! I‘Ix “”‘Hni
— ﬁ?fﬂ‘z", J0m00s  2NORITL  26n0l00%  2NDRGIE  ICAGEOH  Jeoloss  26N0a0es  2nges  2e/a0es 00 )’I ' lh x‘ L Jl' ! ., ql lq | J : -‘; h | 'V i '1|i '* , 1.!’ Ay hl 1&

v LMM_Hv_Resistve_UV_Ch001 vMon V 0.00

Vi
'ﬁz gkt 1

II‘

o Y T
30 40

Time[s]
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A As simple as needed

A Based on existing design

A Tuned to limited use cases

A Trigger less

Main ideas

Design In 2 steps based on feature set

V1 (2024)

Limited flexibility

Power may not beptimised

Mostly full backend

Complete single channel structure

V2 (2025)

ImplementMPGD+Wire

Power tuning (moderate)

Inter channel commutation

Time resolution???



TORA 2 step design plans

/\.

v1(2025-2026) v2 (20262028)

Baseversionaimed at MM (GEM)& STRAW/MWPCs

Would be sufficient for the AMBERenvironment
U Actions on the Inter-

4 Gains channel analog
architecture

4 shaping times ) _ _
U  Minor tuning of the channels

Triggerless & Backend

1 or 2 revisions depending on performance & testing

We have a pipeline for 2 submissions that could be
(vi_aMl b)or (vl _aM2_a)dependingonthe vl aperformance 4




A Data output in 32 bits or 64 bits words over 200 Mb/s serial links
A It can be configured to use 1 or 2 links

A Framelength is of 20.48 us at 200 MHz

V1, Backend & data link

A Data within a frame are packed within a frame headerand a frame trailer

A Frameheader contains chip id and frame number

A Frametrailers contains the number of valid samples and CRC

Packet type | Header Data
2 bit 30 bits
Data word 0 10 Region|2:0] | Channel[2:0] Le[11:0] Te[11:0]
Data word 1 11 Region[2:0] | Channel[2:0] Pk[11:0] ToT[11:0]
Header 01 01 Reserved[12:0] Chipld[6:0] FrameN|7:0]
Trailer 01 10 DataCnt[11:0] CRCJ[15:0]
Sync 00 00 1100 1100 1100 | 1100 1100 1100 1111




x QOdd/even channel
iIndividual configuration

x Qdd/even channels
interconnections

C If better time resolution is needed

—

r

r

—

18/03/2025

V2 (20262028)

—

A Channelorregion-level 8-tap delayline
— A Delaycontrolled by aglobal DLL

A Timeresolution 180psr.m.s.
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