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"Phase-0" upgrade: consolidation
Vs = [3~14TeV, 25ns bunch spacing
Linst =1 X103 cm~s”! (u=27.5)

| Linse = 50 b

"Phase-I" upgrades:

ultimate luminosity
Linste =2-3 103" cm?s! (u=55-81)

| Linge = 350 o

"Phase-II" upgrades:
Linse=5 x103* cm?s°!

=6-7 x| 03* cm2s’!
| Linse = 3000 fb-

(U=140) w.leveling
(U=192) no level.

ATLAS has devised a 3 stage upgrade program to optimize the physics reach at each Phase

® New Insertable pixel b-layer (IBL)
® New Al beam pipe

® New pixel services

® New evaporative cooling plant

® Consolidation of detector
elements (e.g. calorimeter power

supplies)
® Add specific neutron shielding

® Finish installation of EE muon
chambers staged in 2003

® Upgrade magnet cryogenics

® New Small Wheel (nSW)

for the forward muon
Spectrometer

® High Precision Calorimeter
Trigger at Level-|

® [ast TracKing (FTK) for the
Level-2 trigger

® Jopological Level-1 trigger
processors

® Other Trigger and DAQ
upgrades

All new Tracking Detector

Calorimeter electronics
upgrades

Upgrade part of the
muon system

Possible Level-| track
trigger

Possible changes to the
forward calorimeters
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“Phase-0" upgrade: consolidation "Phase-I" upgrades: “Phase-IlI" upgrades:

/s = 13~14TeV, 25ns bunch spacing  ||ultimate luminosity Linst=5 x10* cm2s! (U=140) w.leveling
Linse =1 x10°* ems! (W=27.5) Linst =2-3 x10** ems™! (U=55-81) =6-7 x103* cm2s! (U=192) no level.
[ Liee = 50 1o [ Lise = 350 o J e = 3000 o

ATLAS has devised a 3 stage upgrade program to optimize the physics reach at each Phase

e New Insertable pixel b-layer (IBL) }| ® New Small Wheel (nSW)
for the forward muon

® All new Tracking Detector
® New Al beam pipe

® (Calorimeter electronics
upgrades

® New pixel services

High Precision Calorimeter
Trigger at Level-|

® New evaporative cooling plant

In Phase | the ATLAS
brogram focuses on the
upgrade of the trigger
sub-systems to provide
better handles against
increasing pileup

® Upgrade part of the
muon system

Level-2 triger |
® Possible Level-| track

Topological Level-| trigger trigger

Processors

Other Trigger and DAQ
upgrades

® Possible changes to the
forward calorimeters




Assumed L HC Upgrade Scenarlo

LS1

8 TeV splice
consolidation

]

button collimators

experiment beam

nominal g
luminosity plp&_
70% Phase-0

actual Instantanec

requirements:
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couldnt be even higher

® For upgraded systems
in Phase-1 ATLAS

EXPERIMEN]

13-14 TeV collision energy LSZ LS3
injector \
upgrade cryolimit HL-LHC
interaction : :
ctvgankn tegions installation
Point 4

Run-2

L =10%cm3s"

J. L=75-100 fb”

/

1
«Q Y YO\CTIT
( )
) \ )

LHCC - September 24th 2013

collimation Run-3 HL-LHC Run
L =2x10%*cm2s /[ = 5x10%cm2s”
experiment < 4 experiment -
upgrade h 3001 upgrade Iﬁ ~3ab’
Phase-| Phase-l

radiation
damage

® | | Trigger Bandwidth: |00kHz max.
® | | Delay: =3hs max (at the detector).

® [orward compatibility with HL-LHC
operations and Phase-ll upgrade programs.

ATLAS LAr Phase-l Upgrade TDR



EXPERIMEN]

\/\/hy do we need the LAr Phase-l Upgrades!?

Offline pt
Threshold Rate
[GeV] [kHZ]

EM18VH 25 130
EM30 37 61

2EM10 2x17 168
EM total 270

domlnates LI rates

» Inclusive EM rates
expected to grow linearly

Wlth Linst.

un-

SImply Impossi

® (100 kHz limit) » Rates for di-EM triggers

determined by accidentals
from Minimum Bias events

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR



bandwidth
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overall LI trigger

» (similarly to Run-1)

based on Run-2 trigger

Offline pt
Threshold Rate
[GeV] [kHZ]

EM30VHI
EM80
2EM15VH |

38 14
100 20
2X22 2.9
18

® Yet thresholds increase significantly

LHCC - September 24th 2013

® | oss of acceptance In many physics channels (with W/Z in particular)

ATLAS LAr Phase-l Upgrade TDR




based on Run-1 trigger

Offline pr Rate
Threshold [GeV] [I(HZ]

II"\(TV")/"QC‘?

haca | |

(This lslan example - see Rainer’s Proiected rates at Line=3x103%crr
presentation)

Offline pr Rate

based on Run-2 trigger hreshold [GeV] [kHZ]

EM10VH_MU6 22 | EM15VH_MU10 @ 3.0
EM10H_2MU6 Vs 2.5
TAU40 52 | TAUSOV 4.7
2TAUS0V ™ 3.8
2TAU11I_TAU15 3040 147 | 2TAU20VI _3]20 2x50,60 5.2
2TAU11l_EM14VH 30,21 60 | 2TAU20VI
EMI1SVHI 3]18  50,25,60 2.8
TAU15VI_MU15 40,20 3.8
TAU15_XE35 40,80 63 | TAU20VL
XE40_3]20 50,90,60 4.4
Tau total 238 20
75 C 200 ) 3 | jioo C 200 ) 70
4]15 o 87 | 4J25 o0 3.3
J75_XE40 150 8.3
XF40 157 | XE90 @ 10
Jet/EIsS total” 306 25

QATLAS

EXPERIMENT

M. Aleksa, L. Hervas, F. Lanni

LHCC - September 24th 2013
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EXPERIMENT
& Fx Bl % n It & Rl % ok L & B T o B T ey & Lo = el a8 e, et & %l & 1
5 1|% e T
g - ATLAS Simulation . = | ATLAS Simulation
L; 0‘8:_Preliminary _: % 0.8:_Preliminary :
om . o
EQ - Offline DT ﬁa-t@ B Offline pPT Ra'te
0.6:— Threshold [GaV] |:|<|—|Z:T:— Threshold [Ge":‘] [kHz]
0.4:— <> =20 —: 0.4:— <p> =80 _:
B e Default Sliding Window  _ B e Default SlidingWindow  _
0.2 = 0.2 —
- e Super Cell Sliding Window | -  Super Cell Sliding Window |
% 2080 B0 700 % §0 B0 100
p, (leading jet) [GeV] p, (leading jet) [GeV]

(a) (b)
Figure 14. The trigger efficiency as a function of the highest pt offline jet for (u) = 20 (a) and () = 80 (b)

in simulated QCD dijet events. The performance of the default sliding window algorithm (black points) is
compared to that of the sliding window algorithm based on Super Cells (red points) for jets within || < 2.5.

Significant degradation with pileup of the
turn-on curve requiring much higher offline
threshold (black curves)

4115 425

175 XE40
XF40 157 | XE90

Jet/ETSS total”
M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR




GATLAS

EXPERIMENT

» large area in An,A® (and pileup noise is correlated)

» limited resolution (I GeV Er) avallable

Trigger Towers

(ANxA@=0.1x0.1)

|
=
E,(GeV)

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR



SJAILAS

EXPERIMENT

e ——
2 10tk
. : , , © = Simulation : | £5%%
» large area in An,A® (and pileup noise is correlated) § | 25 s bunchspaging |1+ e
; ; \ . g 103 :E" ‘ ”, ' '-' “‘}: oS [Sars —g
» limited resolution (I GeV Er) avallable S N 50 O O g
Trigger Towers CE Ve dToviupo | 23S e T
4 45 5

LAt s dadl aaadsssalseaaling Al
005 1" 1R 225 .8 85

(ANxA@=0.1x0.1) L.

E,(GeV)

Isolation Ring
(AnxAp=0.4x04) &Y

EM Cluster
(AnNxA@=0.1x0.2 or 0.2x0.1) 10

EM Core
(ANxA@=0.2x0.2)

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR
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- QATLAS
&) How to iImprove!

® Apply rejection algorithms similar to those ones used In the
offline reconstruction

Layer 3
AnxA® = 0.1x0.1

Super Cells
— Ud Zallo silw 150
® |east significant bit: 125 MeV in . °e
the 2nd layer and 32 MeV ® amxa0 = 0025301 3 <
elsewhere "
® Possibility to use global event anna® = 0.025x0. I1o
qyan‘u’ues to €.g correct for fvait k
pileup fluctuations event-by- 7 AEe = 0.0
event (b)

M. Aleksa, L. Hervas, . Lanni LHCC - September 24th 2013 ATLAS LAr Phase-| Upgrade TDR 8
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Xesaen

Present LAr Readout

~ 1500 Front-End Boards (~ 180k channels)
Opiical Fiber ~ 120 Trigger Tower Boards (~3000 Trigger Towers)

Box

| 50kWV power dissipation on-detector

LVPS and
MO/l |Mag. Shield

Cooﬁng '_
Manifold

- .
-~ \ .
5 :
’
: y- -
u 2 ! N M
N |
e : R - X .
. .
-— - . 4 ’
N\ - ‘
.
-
- b -
- ) .
—_ S _
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EXPERIMEN]

----- T i )
: Readout crate (ROC) DAQ : network :
- External triggers <
8 E=Ya, s, ﬁ: CTP 8
. 2 L1 =
‘:_:) > % T= Zbi SI § processor E E =
(%] U [} s > v
) S = TTC N -
< ROD = L1 \ =
& interface _@ Calor.imgter R
Optical Fiber ‘ . Lo
Box 25 E,',t,iz TTC crate
\ Calibration | Front-end board | Tower builder | G
-t tf-"-"1""""""- -1 -"r-7"-"1»xr-—
LA\ | LVPS and NS S AN I A 1 | Y B,
TRV . | [ N
&‘f“ WA Mag. Shield AN - : | 1 ! i
J !\\\\“. Nyl SPAC slave : I Optical link SPAC slave ! I SPAC slave I
| 4 | 4 TTCrx
x [ | I ! | | 40 MHz clock
I 1 L1A reset
COOI.Ing o & FEBS . : I Buffering Controller I I o
Manifold ‘ \ S L 5 i i
- O 1 A 4
3 1
W\ T | E | I
o N H Optical
\\\§ e I 0; I ! reception
N @
PowerBus and || FEC ol I spac
I slave
Cover I !
‘ |
- |
k | Controller
i board
Pedestal

Filter
Box

Mother-board
C T=90°K

C |
é
Electrode I
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EXPERIMEN]

----- B ey e iy kel kil R
I Readout crate (ROC) DAQ : network :
- External triggers <
S ﬁ —] x
o E=Ya S. CTP
- 2 . bl 'l © L1 -
| 2 % T=2b; S, § processor - E 2
E = e N[O
' . . & interface [~@ Calorimeter N
\ Optical Fiber ‘ x T monitoring
! Box iﬁ E,',t,iz TTC crate
\ Calibration | Front-end board I To&r builder | SR e
-ttt - a1 fFri " Ax
,. (A9 | LVPS and NS S — FRELE I AN
) 1A il . 1 1 N
SRRV A Mag. Shield — | | — 1
LUV D SPAC slave | | | Optical link SPAC slave | ! I SPAC slave I
I i - 3 TTCrx
. [ I I N | 40 MHz clock
, I i 3 L1A reset
COOI,|ng AP \ HEEEN, FEBS _ : I Buffering Controller I I ese
Manifold ' | : 5 o & I i
- ) - e (&) 1 . l Y
: ‘ = 2 I I = I I
\ 8 @ 1 1| Optical
\ \\ E— I g ! reception
.
PowerBus and || FEC I spac
slave
Cover I :
$. |
Pedestal

Filter
Box

Mother-boa

C
L
Electrode I I
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GATLAS

EXPERIMENT

10*
ATLAS Preliminary
Simulation

\s=14TeV 1N
<u> = 80 1.

/é: Z-e'e
100¢ o

—

| i [
10

h IR FTETE PRI CNANUANATE FAUTY CRRRAANETIFATTY AN
0 50 100 150 200 250 300 350 400 450 500
I I R R [ S B 8 ff
_IUSTEr Transverse energy resolution witn EF’ [GeV]
3XZ2 anc

- -
1

- e = g AR RARRS AL LRARE LA LALLN RARLE RAARYE RARL

2 Uper <lis 50'18._ Level-1 =

: S 0.16 ATLASPreliminary |, —— Super Cells 3

» SC energy from the sum of the single |z b Simulation E
calorimeter cells: no second stage noisef ¢12f \I§=148(1)'ev 3

; ; s =

(small under-estimation) 0.1 Zoee -

_ , 0.081- " o] < 1.2

» Look-up table corrections with 0.06)- i &
ongrtudinal weights to correct for 0.04F- ,fj :
eakage and up-front dead material e | S
(similar to Level-2 trigger strategies) 5074073020100 1020 30 40 50
(E:,i .SC_E?'fﬁM) /E$mm [¢y°]

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR
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R,

E®

_ PT.ApxA¢$=0.075x0.2

- £®

T,AnxA¢=0.175%0.2

GATLAS

EXPERIMENT

E(z) E(2)

2) 2)
- (E&. o "2 )Aqu=0.07Sx0.2 b [E (E{T 20 )Aqu¢=0‘O75x0.2
T, ApxAé=0.075x0.2 T, AnxAd¢=0.075x0.2

E(3)
T, AnxA¢=0.2x0.2

0 (2) (3)
Er Anxas=0075%02 F ET Aqxag=0075x02 * ET Aqxa¢=02x02

[ {$=14ToV,u =80

T 1 IITF"’I

—— Electrons
— Jels

LI lTl"ll

LI ll
— ]
- :—H

» T L [ L ) 1 ' T T T l B~ &

- ATLAS Preliminary
| B 3
= Simulation

ﬂlLlllllll

0.6

0.8

A blll]]lllilllllllllllllll]llll'lllIIIIIIIIIIIIIIII- D. 1 ; .
0.120 ATLAS Preliminary ] < ATLAS Preliminary
Bl Simulation : Simulation
01:_ s=14TeV,u =80 : 10-1 s=14TeV,u =80
B : L
0.08- . 102 ey — Electrons
; x m,qL oS
0.06— —— Electrons - 3
: - ] 10 W
o ‘" [y 17
- 10-4 [ me
0.021- N ‘ l
d 5 10-5 " l "n 1l l L1 1 l ) - l Ul 4
055905 0,01 0.015 002 0.025 0.03 0.035 0.04 0.045 0.0 0 0.1 0.2 0.3 0.4 0.5
Rfl wfl.z f3

LHCC - September 24th 2013
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Expected Performance: EM Triggers

'n' Elllllllllllllllllllllllllllllllllllllllll llll.-H
E . _
— 10% -
0 10 - =
je) & =
= L 0 3
T 10° o ATLAS Preliminary -
~ £, Simulation =
-y :Xx 2 _
B T S =14 TeV,up=50 :
10°e "5 officlency = 95% =
L xxlx ..’o. 203
10 = ¢ Run?2 xhixlx;;%.. E
= : i lxl ..... 2
1 :_ v Phase ﬁn, wnzm ‘“xu::f:g"i!;
= . Phase:R, w . [f, cuts -
10°1||_l|llll|llll|l llIlllIIllllllllllllllIllllIllll-"

10 15 20 25 30 35 40 45 50 55

L1 EM E, [GeV]

EXPERIMEN]
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EXPERIMEN]

Expected Performance: T- Iriggers

e ANxAp=0.175x0.]

T,small area 2 Ep™ X \/ (MsuperCell — Neluster)* + (Psupercell —~ Peluster)*

AnxA@=0.275x0.3 % B

area

- 1 I | 1 1 1 1 1 T T I T T T T l T T T T ] T e T L] L ] 1 1 L] 1 T 1 [ T 1 1 T I' L] 1 1 T I 1 ]
— - 80% Efficiency : : : : o 06 L — 80% Eﬂlcnncy.u-,..‘ .......
0 7 — 90% Efflcwncy..u.~.- ....... =l ~ - 90% Efficiency

— 95% Efficiency

_—925% Efficiency ATLAS Prellmlnary Slmulation

ATLAS Prellmmary Slmulatlon e

0.5

Background Rejection

IlllII]1llI]]TlrII

At 90% efficiency for T (from Z—=TT) feore alone can
prowde a reduction factor ~0.45 for pT> 15 GeV

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013
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EXPERIMENT

Expected Performance:

; 1 00 : ol G4 l LU I A l 5 X -0 I | . 571 | ] L B | z ~~ 40— l I I I . l 1 . I I I ) i ) 1 I I I ] 1 I -l
8 90E ATLAS Simulation Preliminary = 2 " ATLAS Simulation Preliminary ]
el - Pythia8 dijets (QCD 2 - 2) - PPy - 40) - g | Pythia8 dijets (QCD 2 — 2) —e— LCW "
a 8ok Lew O VDO 2 | anti«, R=0.4, (5=14 TeV —=—LCW+jetarea
~ = otse U1 = = = 20 GeV, Jn|<2.1 _
70E gl;;szwm spacing ¥ Ol @ = 80) 3 g 30 jf)nw.ea"&(p-um i
C Js=14TeV + o (1 = 140) 3 s . 25ns bunch spacing J
P Pe P, _ 200) N - .
o - (::,, ' e e r ++
e i o 20¢ T s
. 7 3 a il ]
40 L = ~~ L —o—+ d
30 = = B L -
; 5 10— e -
20F = £l :
e = J ~a-
s : e it A R

0 i ) T =S | l | I - l ) T - | l | I l ) I - . 1 A 4 . . A . . L . L
50 100 150 200 250 100 120 140 160 180
() Truth vertex multiplicity Nm

® Several approaches under investigation profiting from higher precision data (i.e.
lower quantization scale), better reconstruction of the jet constituent energies
(l.e. off-line energy reconstruction of the “Super Cells™) and better |et algorithms

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR
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Expected Performance: Jets i

L] l 1 Al 1 l 1 1 T ' Ll 1 L l |l Ll L

s i s s v

_ ATLAS Simulation
0.8 Preliminary

—

1

o <p>=20
E 2 B l | | T T
Optimal filtering (or equivalent algorithms) 0.4 IR e g e
and gaussian filtering [ GF] techniques to : § Z':,t::r:ns'm"'am" :
seed and reconstruct jet energies eliminate | %2 $ O - §
dependency on out-of-time pileup (e.g. BC E g E :
mis-identification) % T o6 F
» Using layer information and finer 0.4 =
quantization scale N !
g e Default Sliding Window |
o 1- e ey 0'2: o  Super Call Sliding Window |
2 F ATLAS Simulation, /m ok B e 0 L
= 0.8 [_Preliminary / 4 0 60 80 100
& 7‘ 4 p, (leading jet) [GeV]
= osf J 2
: / :
/=t ol / e &
(4th leading jet) T gpse.  F ‘
0.2 > 4 o anti-k R=0.4 - | Bt R ST R
. * GaussanFierc01 Whlch standard shdmg Wlndow

0-

1020 30 40 50 60 70 80 90 100
p, (4th-leading jet) [GeV]

techniques would not provide
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GATLAS

EXPERIMENT

® Two on-going investigations:

® = median A{2ZpTi/ANXAQ@} of the energy density distribution is highly correlated to the offline pr density

® |et pt corrected by M2 pTI/ ANXAQIXTIR? where R is the jet radius

g 75 S o B 7. G ; T T T ™ A 8 s S o S A
2 L ATLAS Preliminary. 8 | ATLAS Preliminary £ —e— Beforesubll. a7y A4S Preliminary.
g 8_- Sfmulation 5 :;80- Simulation %— (<8 Alrabi. o dation "
5 | Single Event ; ¢ [ Minimum Bias " Minimum Bias '

5 al Minimum Bias ] Q& [ = /e 6 +
3 6 60~ V5= 14 TeV, u=80 [ {5=14 TeV +1%
E I ($=14TeV, p=80 1 £ [ mSi<4 . ) ot ]
3 | 124 - s | 4 . [ "i<2.4, p7>20 GeV, oe _
al- . ~ ® o 4 RT=04 _ oo* =

. - = 40+ 142000 o-v-g-ees ™ ;

2t . .

= R 20_ 2._. -

% 20 40 60 80 i . .

P P o e IR A ) [N T N e I Y W B O ol W Py T O Wl S T O] I
0E0E eV %70 20 3 a0 ° %3050 60 70 80

(a) s for a single event Offline p [GeV] Noy

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR



QATLAS

Expected Performance: Jets e

® Two on-going investigations:

® Fach of these energies are subtracted from the LI jet pr

® |n the central region the subtraction effectively reduce jet rates of ~ 1.7 for pr >20 GeV, ~3.7 for pr
>30 GeV, ~60 for ptr >50 GeV

%‘ T %‘ 300 : T L el %k S @ & 2 o I 3 16
S ATLAS Preliminary Q'._ 250 ATLAS Preliminary -
uf Pb+Pb 2011 Data w 5 Pb+Pb 2011 Data 1
3 Unsubtracted 3 200 Sublracted 12
i | 150F 4 10
100 —
50F- = |
E -]

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR
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EAPERIMEN]

Expected Performance: Bt

./

n of Eymiss

N S N e S PRy
§105 o ATLAS Preliminarys g ii’¢:.: ATLAS Preliminary-
or | Simulation z 5104?_ = Simulation E

10* MinimumBias 3 £ - Minimum Bias -
; (=14TeV.p=80 I 5 5[ =%, [5=14TeV, p=80
10°E Later Bunches - SO
E —=— SC Layer 2 Thresh. - M ” :
fd -- Trigger Towers 10° P, 3
102'§ I- - E '.'_._ B =
. - "’_*_-.--0- :
E i 10 | F-.- -
10 3 = SC Thresh ﬂ,
E : - L1E™
E : ]
1E X ; X i l 1 L l 1 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1
0 90 100 15 0 20 80 100
= Threshold [GeV]

M. Aleksa. L Rates comparable to the 90 GeV LI Er™s in Run-2
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EAFEKIMEN]

Examples of impact on Physics: Higgs Physics

4+l ~ DI~ -~ : ~ -

» Decay to fermions to explain SM particle masses

» Coupling to EW gauge bosons

® [he Level-1 ATLAS trigger system has to be extremely robust to
fulfill the physics program at luminosities up to Linst=3x103*cm2s"!

® Maintaining low trigger thresholds on the physics objects into which
't decays Is mandatory to measure its properties with the highest
precision

® (In addition the ability to trigger on low-pt single lepton Is important
for a wide range of possible new physics signatures).

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR



® H _'TlepThad

» Single electron trigger

» Electron + Thag

» Electron + Thag + Jet

with proposed without
upgrade upgrade

: . pr(e) > 20 GeV | pr(e) > 25 GeV

Trigger Requirement p1(t) > 40 GeV | pr(r) > 50 GeV
Electron selection efficiency (25.4+0.2)% (21.0+£0.2)%
Electron and tau selection efficiency (7.5+0.1)% / 0 1) O,
Relative acceptance 1 K 0.631+£0.015

Significant Impact on acceptance

(~37% signal loss)

M. Aleksa, L. Hervas, F. Lanni

LHCC - September 24th 2013

Entries / 5 GeV

900F Electron p; > 20 GeV E
800E Electron p_> 25 GeV e
700F B A

- ATLAS Simulation 1
600F =
500 .
400F- Vs=14TeV E
200 <p>=80 3
100 :
%20 40 60 80 100 120 140
Electron p_[GeV]

(?3140 ToagP >40GeV -
o [y T P > 50 GeV ]
» 120 ) s, destusen for locton p»20 Gol/~
2 JI [ e P, distibustion for electron p_»25 GeV
& 100 1ff ]

o
o

)
o

IS
o

n
o
FV_V_V—[IIITIIITIIITIIITIIITIIITT—J

OO

ATLAS Simulation -

—

(s=14TeV _:
ILdt=300fb“_:

<p>=80

200
Thad Py [GeV]

50 100 150
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QATLAS

EXPERIMENT

T I T T T T I T T T T 1 T T T T

ﬂ T T l
S ~ ATLAS Preliminary - VH(pb) (best i)
> . VZ
W 100[— \s=7TeV [Ldt=4.71b" i -
- i t, s+t chan -
[ \s=8TeV [Ldt=203 " wt 2
] y . W.bb
~ 0lep., 2 jets, 2 tags, 160<p_<200 GeV W8 Wcc m
80— T 0 Wacl —
B Z+bb
= B Z+bl n
— 0 Z+ce —
- 0 Zscl _
Uncertainty
60— - == Pre-fit background —
L, VH(bb) (1=1.0) -
40— | Sl =
D 4 J
20— | ==
O 1.5F —
= :
E 1= V Muﬁ*’mﬁ/// P B 77 22l A Y /m
®© - : ‘ ~
O 0.5 - 1 | 1 | 1 1 1 1 | 1 I 1 1 | 1 1 1 1 | Il 1 1 1 —
: miss 50 100 150 200 250
. |
} Wlthout u . radeSl E > ZOO Ge\/ & ‘g T I T ¢ T T l' T T T T ] T T T T l T T T T
5 80" ATLAS Preliminary s Vi) st
o/ w E \s=7TeV [Ldt=471b" i
4 | oss of 72% signal acceptance L N =tlse
60 E_ 0 lep., 2 jets, 2 tags, p:>200 GeV E gflt:

» 24% (12%) acceptance loss in the eveVv (eVHV)

1.5

» with proposed upgrade: Er™s > |60 GeV " + By
- VH(bb) (1=1.0)
o 401~
4 Reduced acceptance loss to 47% - & ¢ ATLAS-CONF-2013-79
30—
® |-lepton category relies on single electrons: 20 %
iof g
7

///////////nggmm%‘//////u A S
Zmans =

Data/MC

» completely recovered with the proposed upgrade

0.5 | —4

I 1 1 1 1 I 1 1 1 1 1 1 l 1 1 1 _-:
50 100 150 200 250
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EXPERIMENT

)/ Examples of impact on Physics: H=>WW™—evev

I T T T I

250 ATLAS Prel

| LI I BB BN N L B I
- Data %% SM (sys @ stat)
B ww [ WzZ/zz/wy

" \s=8TeV,| Ldt=207f" [J& [ SingleTop

B Z+jets [ W+jets

T T T I
minary

Events / 5 GeV

200:— HeWW(i)—>evev/uvuv + 0 jets BB H (125 GeV] —:

150 ~

B ATLAS-CONF-2013-30

100— -

50(— =

25,15 Ge ot 5 :

— L9 & I I._I_l I 1 1 1 I 1
20 40 60 80 100 120 140

J ::‘ - 1 | o~ ~ :J :‘v:x —~ ~ LN~ ~y 1 7/’" ‘7 E‘ 1~ < o~ | P~ : LA N N O
—a 9 O C|IC i @ pT,Iead lep [GeV]
() ()

% IIII|IIIIIIIII|IllllIIIIIIIIIlIllIlIIIIIlIII_
: o - ATLAS Preliminary 2 Pxe = SMesosa -
' 300 B ww [ wzzzw —
. WlthOUt u L radeS- T > 22,22 Ge\/ f E \‘s=8TeV,JLdt=20.7fb'1 IR ] SingIeTog ]

2] B *) ) B Z+jets [] WHiets
= 250~ H-WW' '—evev/uvuv + 0 jets B H125Gey]
> C ]
Lu -

200}

24% signal acceptance loss
1503

® with proposed upgrade: pt > 26,1 6(*) ook

50

» Acceptance recovered almost entirely
(3% loss In eveV, /% In eVUV)

*) similar rates to the 19,19 GeV in the TDAQ Trigger Menu Table example
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QATLAS

EXPERIMENI

q Proposed LAr Phase-l Upgrade

~
AN SCAL| |-
L Front-End Board ~ R
AN SCA[ | L ROD
00 \
/\_ SCA - Et
ecccoe N-tap; FIR
| C—
SEe T e il Output DAQ
Linear 8%2?5,” Et FPGA
Mixer N-tap FIR
Timing
Trigger
SCA Control
o Controller RCx Timing
Layer Sum Jzpres
Boards L Control Rx
[LSB]
_/
) (TTC B M
artition Master
Controller Board Timing Trigger Control Distribution F 1 " 3 , )
<F:xed L ateﬁy (~3.0us max) Inac O rS
Tower Builder Board [TBB] .
PZ+DI h
el Trigger Tower Sum ~ - ~ processors ln t e
1 NC JI T TTOULNTTU and Drivers Receiver TDA _t
components in | Q syste

blue (LArTDR)

u
L1Calo
Processors

Level-1 Calorimeter flrigger
System

LAr Trigger Digitizer Board (LTDB)\

LAr Digital Processing System (LDPS)
r N
PGA Timing

- Trigger
Control Rx

CLK Fanout

E;t

N-tap FIR

. . Et
\|Optical Receive N-tap FIR
Deserializer

Feature
Extractor
[FEX]

Et
............... . N-tap FIR

Et
N-tap FIR

480Gbps/module
1.92 Tbps/board
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System Architecture: Front=End i

Jo Tower Builder Board

| [ LAr Trigger Digitizer Board (LTDB) )
e Y

3 1
TEEE e T eeyal ) e P %
® [Fach Super-Cell signal is at the same time 3
digitized at 40 MHz and sent to the back-end -
processing modules on fast links.
® Challenge: integrity of the analog =0
signals to preserve performance of
the analog system.
LTDB Type | Channels | LTDB per region
EMB 290 64
EMEC Std 312 32
EMEC Spc 0 240 8
EMEC Spc 1 160 8
HEC 192 8 LS8 network XK Anc TBB/TDB Input
FCALO 192 2 i
FCAL 1 192 2 ‘-‘;I-_L_R ki 2 &
Total 124 ' >3 !
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EXPERIMEN]

System Architecture: Front=-End

Super Cell @X ADC LOCX2 '@\ -

Interface/serializer ASIC (LOCXZ

® Optical transceivers to transmit the signal off-detector

Control & TTC Link
-

® (GBRI-based transceivers to distribute on board CLK/ Sl GBT-SCA GBTx VTRx

TTC information

10x8-ch COTS ADC  Xilinx Kintex-7 FPGA Opto-TX/RX for TTC Link

,,,,,

C \‘WHIH transmitters (CC 1

® (Challenges:

® Moderate radiation environment

® Power BUdget 1/4 slice Digital Mother Board  Linear Regulators

POL Converters  Optical Mezzanine Slot for Data Link

® Tight Mechanical Integration on Board Figure 39. Photograph of the 1/4 slice LTDB prototype, which has one digital motherboard and two 40-channel

analog mezzanines to process 80 Super Cell signals.
® [ull-scale prototypes being built for system
integration studies
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q System Architecture: Back-End i

LAr Tngger

Digitizer Board
1 (L'?[r)a) LAr Digital Processing System (LDPS)

LDPB Reprogramming & Configuration & Monitaring

ATCA Management & Monitoring I
Shelf me:l
Managers

> ocs

FE| : |BE

LiCalo - N
(0/FFEX Data@aonru} .‘ il - wen J82 1 GOE o ?: % o e

ow B |} w (ATLAS fveat-TOAQ)

g | wrcom [l dad r .. (g

(ADC Datad® S0MHE) A'-& (»e) High Speed Links v’l Sensors . v g oA
e 22 Oebegzng)

LiCalo P m(_ Gﬁ#hz T ey (=3}
[/ JFEX Data@S0M M) L (-‘J' e wor BT 1 GOE - 1 Hnghlsopcrdlmks W g

LTO8 '::'. — T - tﬁ FPGA - 7 | ATCA Swinches
{ADC Data@ 40MMz) el e |® : z _.il »a - - ::-::u 'xl‘ ™ | (Duts Meakering) .

AME B - T g e | 2 » FPGA-based processing and Er
. T Sl ST o it 'z.%. reconstruction at every bunch crossing
> & - :

— wdin  I® — a1 1 GbE v‘] 2 . o
e e, = rill Pl w4 » Each mezzanine receiving 4x | 2@5Gbps

N e e ca ] Jf ey fibers and transmitting up to 4x12@10
(#/JFEX Data @00t |5+ Tr Fuis wer o 1GOLE § 1] °

e R == et st e Gbps to the Level-| Calorimeter
(ADC Datae S0MNHZ) b ) High Speed Links ¥ ATCA |pMc O | (ATCA Management,

AMC [ FH | power ""'I‘f’. o Feature Extractors (FEXs)
|
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EXPERIMEN]

onfiguration and managemen
through IPMC (Intelligent Platform
Management Controller) pluggable
board. Prototype built and ready for
production

~—
WoroPOD Teat Boerd

L AR WS R

® Evaluation of MicroPOD
transceivers tested
voen WERQeERT: Batut — successfully to >10 Gbps

® Tests of signal transmission integrity
on boards at |0Gbps+ speeds for

ne | | different layouts and different PC

board specifications

1€5

05 04 03 02 01 0 01 02 03 04 05
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® [t has been shown that the proposed upgrade allows ATLAS to
maintain the Level-| trigger thresholds for single and di-EM objects
at the necessary low level by improving the jet background
rejection capability and the energy resolution of the EM object.

® [t has also been shown that the upgrade improves the
berformance of the T, jet and Er™* Level-| trigger.

® [he proposed LAr Phase-| upgrade Is a pre-requisite for a
successful ATLAS physics program for the LHC Run-3: 300 fb™!' p-p

collisions at v/s = 14TeV (L up to 3x103cm2s!, <p>=80)
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. QATLAS
@l  Concusions g

® The proposed architecture is also fully compatible with the ATLAS plans

for the Phase-Il upgrades and the possible ATLAS trigger system during
the operations at the HL-LHC [see backup slide]

® [echnical challenges for the on-detector electronics have started to be

addressed and solutions are either already available or a plan is in place to
identify them

® Project management, costs and resources are organized within the ATLAS
LAr Calorimeter sub-system (with the addition of a few new Institutions)
to best match existing expertise, skills and because of the deep Integration
in the existing readout system and In its operations [see backup slides]
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QATLAS

EXPERIMENI

Elementary Cell Trigger Tower Super Cell
Layer An X A¢ n,Xng | AnxXA¢ || n,Xng AnXx Ag¢
0 | Presampler 0.025 x 0.1 4 x 1 4 x 1 0.1 x 0.1
1 Front 0.003125 x 0.1 32 X 1 445204 8 X 1 0.025 x 0.1
2 Middle 0.025 x 0.025 4 X 4 ' ' 1x4 | 0.025x 0.1
3 Back 0.05 x 0.025 2 %4 2X4 0.1 % 0.1
Existing System Phase-l Upgrade
Level-1 Trigger Granularity (Trigger Towers) Level-1 Trigger Granularity (Super Cells)
60 cells per Trigger Tower; all layers summed 10 Super Cells per Trigger Tower
EM layer 3
Back: 2x4
(AnxA4=0.05x0.025) EM layer 3
Back: 2x4
(AnxA$=0.05x0.025)
EM layer 2
Middle: 4x4
(AnxA$=0.025x0.025)
EM ayer 1 » | TT
(AnxA$=0.003125x0.1)|
Lo » |0 SCells
(AnxA$=0.025x0.1)
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q System Architecture and Design Specifications [t

‘ /\ Shaper | SCA
— Front-End Board s ~
SCAT T ROD
— ( DSP h
SCA - Et
L~ soesee N-tap FIR
[_"F>
N $CA
_l_ Optical Receiver N-tap FIR O
eserializer utput
Preampl. 100 Deserial DAQ
Z Linear wﬁt;gfs Et FPGA
Mixer N-tap FIR
Et
Timing N-tap FIR
Trigger
SCA Control )
New Controller RCx Timing
Layer Sum Trigger
Boards L Control Rx )
[LSB]
/
( N (TTC P M
artition Master
Controller Board Timing Trigger Control Distribution
S )Fixed Late{cy (~3.0us max)
. N\
( Tower Builder Board [TBB]
W
b3 PZ+Dly .
3 Trigger Tower Sum - : ~ -
3 | ) and Drivers Receiver p Y
I
I Current
i aoS(t) L1Calo
- I ) Processors
— >
T \ y, b . >
A / Level-1 Calorimeter Trigger
( LAr Trigger Digitizer Board (LTDB) ) Sys:tem
z ( LAr Digital Processing System (LDPS)
ﬂ CLK Fanout 9 g
. 4 ™\
( ( =@_ Et PGA Timing
N-tap FIR - Trigger
Control Rx
Optical Receive N-tap FIR
] Deserializer Feature
|G @_ e Extractor
E - [FEX]
Ped E,t

Monitoring 480Gbps/module Sub

1.92 Tbps/board

N-tap FIR
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GATLAS

EXPERIMENT

System Architecture: Front-End

Table 10. Specifications for the ADC. The ADC must have a serial output using either standard LVDS or SLVS
technology. The ADC word must be either 12-bit or 16-bit in one frame, with a frame clock at 40 MHz and a
bit clock at 480 MHz (12-bit case) or 640 MHz (16-bit case). The latency is the time between the first sample
and the last bit out. The power consumption is given per ADC channel at 40 MSPS. For comparison, values
for the COTS TI ADS5275 ADC are gven in the third column.

| Parameters Requirement || ADS5272
Sampling rate > 40 MSPS || 40 MSPS
Dynamic range 12 bits 12 bits
Resolution (ENOB) > 11 1.5
| Differential Nonlinearity <1lsb 0.31sb
Integral Nonlinearity <1lIsb 041Isb
Latency <200 ns 162.5ns
Power consumption < 145 mW 113 mwW
24 :
,,:77, HHCTCL : JO5->5C L LIV ‘ 1w —o ; O
been measured: two types of :
Single Event Fault Interrupt (SEFI) prerrereerreer Rl —t
e % L
observed Sl I s
| o SEFLA
» SEFI-A mitigated through a ) ¥ i
periodical reset (200ns reset o g vy S
t|me) % 06 - ‘ . Jf.;
g % . i-—.".:,'i-'.:-'-":': + MGH
SEFI-B cross-section should be B | R g
sufficiently low for the ATLAS : i ‘ o
. . Q L en LA 10 MLLE 0 'm m m m Sm
LAr applications itepated Do (4
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GATLAS

EXPERIMENT

.....

- \H' .

NEiisiasiainii;s L
v | [ P02 | i o o | e b2 4" 8 10121416 18 20
- P e Freq. [MHz]

4 Evaluation complete and
radiation testing Is next

» Full SAR architecture ADC
(very low power ~[0mW/
channel)

~Slow model
~Typical model

4 2nd iteration full
prototype and 4 inputs
being submitted.
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EXPERIMENT

System Architecture: Front-

LOCX2 Diagram

Frame clocx )
| w’::;‘ : 8otdata = sn
Frameo clock 2 o LOClc ‘“wm ‘muml;‘exl« Dcﬁ"\:f _ "
[ oaamct:n " A
. o i
SR L 1cew e |2cs;ave :i\’
BCID_Reset B _ | Address |
. Frame clock 3 o y v : .
Oued | 801 data w
Data ckek 3 o > o1 oL g;
Frame clock 3 J LOCic ‘uu\lm ‘mulbplcxicr » Driver : "
Data 4 :
Duta clock 4
vstem aspe Helng
- = i | Frame Clock
' 4 4 ‘
— — .
addressed pending s st roee o .
A
decisi o |
|S|Oﬂ On Clocko Clock0 %0, ’ .
' Serial %’ 8 2 "%) g 8
component choice Godo L o fal e, § om
(] 4 4 ? J
g = f
(specifically for the 5o st o :
Datal  FIFO & 8
— > 8
ADC). = = oA
Sernia LOC CLK

Clock1
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q System Architecture: Front-End

Dagniond Wewdons of 14 Sue LTTS

T
(heme 4 o

8 b Chasned » o
Caswal 1 ——
eaw! T
% -

Atgiiede LADC Count)

40-Ch Analog Mezzaine 10:8-ch COTSADC  Xilinx Kintex-7 FPGA Opto-TX/RX for TTC Link

1/4 Shce Digital Mother Board Linear Regulators POL Converters  Optical Mezzanine Slot for Data Link

Figure 39. Photograph of the 1/4 slice LTDB prototype, which has one digital motherboard and two 40-channel

analog mezzanines to process 80 Super Cell signals.

V1. Aleksa,

» Analog motherboard with digital mezzanines

Options under studies and prototype being designed and
built (based only on COTS).

Boaclplae

Full-size prototypes under design (end of this year) for = %

system test use early 2014. g‘
ad
£

FrontFace

LA
PN

Figure 43. View of ono faco (ropresonting 32 channoks) of a 64 channol soction mothorboard prototypo
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EXPERIMENT

(Mistos, Status <1Gbps) L —oew_

eFEX Data@40 MMz |

Data L1 Calo
PTO(‘(’SS“]?, (Resutts 41.1 Tops) |V

|
——————
! Data Monitoning |

_____

______

See o . e e e e W S S S S S —

-

LTDB Monitoring | '

LTDS Comm—,  FELDC b £ ocs
(status, sensors <1Gdps) | : i s s .
=>.u.'. Front Panel Link
LTDB: 124 Modules  LDPB: 31 Blades e
Data Flow ADC Dat AFEX Dus LoP Oata ATLAS Pvemt- LTOD oS
Rates @ o:m: .alo'mu-‘ Moritoring Mon2oring TOAQ Moaloring ‘ 10/40 GbE Network

LTD8 | 204 Ghps . : . <<1 Gbps | <<1 Gops - GBT links

LoPB | c14Ghps | 127bps | <<1Gops | B2Gbps | 2.2 Gbps . <<1 Gops @ DCs
GLOBAL || 252 Tops | 41.1 Tops <1 Gops 2.7 Teps 00.2 Gbps <1Gbps <<1 Gops | mm) TDAQ Network

pecitication of the
interfaces to the Trigger-

DAQ datapath

;3
ATLAS Simulation § T .
—— remm——— : o8] » Complete evaluation of
T meamramrenn ] B oief the filtering algorithms to
3 od reconstruct energies
{ 3 o (Optimal Filtering vs.
Sl - . SISO et fooss otk Wiener Filter with forward
Eppue [G€V] % 05 1 15 2 25 3 35 4 |
Evpur [GEV] corrections)

M. Aleksa, L. Hervas, F. Lanni LHCC - September 24th 2013 ATLAS LAr Phase-l Upgrade TDR



gmms

EAPEKIMEN |

q Planned LAr Phase-Il Upgrade

~
Shaper 3 Bhins _ ' ~
/\— /\\J_ ADC & FI’:haseFlI gpl)?g’;rad; Phase-Il Upgrade ROD
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/\_ _J\__,— ADC & FPGA )
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— Et
N-tap FIR J
CLK
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. s
Controller Board Timing Trigger Control Distribution |~ \_ ( F EX) p ro Ce S S O rS
B R
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programs L1 Trgger

y 4

Processor
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. ; I\
electronics de- N -
CommiSSioned ——— e ——————————— : LevelU, aérimé rrrigger

N-tap FIR

> o L 480Gbps/module
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Et
N-tap FIR
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> K
CLK Fanout Ofix (" LAr Digital Processing System (LDPS)
> /\J —| ) <4 - N Timing
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' I ATLAS
9)/\ LAr Phase-| Upgrade Project Organization s

ATLAS Management
ATLAS Upgrade ATLAS Executive
Steering Committee Board
LAr Project LAr Group
Leader (PL) Representatives
LAr Phase | LAr Detector LAr Data
Upgrade Operations Preparation
Coordinator(s) Coordinator(s) Coordinator(s)
' ¢
I
FE Electronics BE Electronics Integration & Simulation
System Tests
I
Analog Digital Board and
Processing Processing and System
Optical Integration System LDPB Hardware LDPB
Transmission Integration Design Firmware
Development
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Cost Estimates

-costing metric:

QATLAS

EXPERIMEN]

Component productions in 2014-2015 mainly

Sub-assemblies and board integrations in 2016-2017
Table 25. LAr Phase-1 Upgrade summary CORE cost table in units of KCHF

BE ~ lyr later wrt. the
FE (very
approximately)

PBS | ltem Cost | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
T Front-End electronics
1.1.1 | Baseplane 1076 - 100 | 438 | 538 - -
1.1.2 | Layer Sum Boards 225 - 12| 100 | 112 - -
1.1.3 | LTDB 2958 - 400 | 1079 | 979 | 500 -
1.2 Optical Cables 592 - - - 296 | 296 -
1.3 Back-End electronics
1.3.1 | ATCA+shelves 40 - - 10 10 20 -
1.3.2 | LDPB 2573 - 100 | 986 | 1086 | 400 -
1.3.3 | RTM 55 - - 27 28 - -
1.3.4 | TTC Optical Couplers 8 - - - 4 4
1.3.5 | In-shelf switches 46 - - - 23 23
1.3.6 | Receiver PC 14 - - - 7 7
1.3.7 | Controlling PC 5 - - - 3 2

Total 7590 - 612 | 2640 | 3086 | 1252 -
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Cost Estimates

-costing metric:

QATLAS

EXPERIMEN]

Component productions in 2014-2015 mainly
Sub-assemblies and board integrations in 2016-2017

Table 25. LAr Phase-1 Upgrade summary CORE cost table in units of KCHF

PBS | ltem Cost | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
T Front-End electronics
1.1.1 | Baseplane 1076 - 100 | 438 | 538 - -
1.1.2 | Layer Sum Boards 220 - 12 -
1.1.3 | LTDB 2958 - -
1.2 Optical Cables 592 - -
1.3 Back-End electronics
1.3.1 | ATCA+shelves 40 -
1.3.2 | LDPB 2573 -
1.3.3 | RTM 55 -
1.3.4 | TTC Optical Couplers 8 -
1.3.5 | In-shelf switches 46 -
1.3.6 | Receiver PC 14 -
1.3.7 | Controlling PC 5 -

Total 7590 -
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LHCC - September 24th 2013
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| SGAILAS
M | ‘ - S_tO NES EXPERIMENT

|

P

— ' = )
_ ) I Y \LL . o
C Frojle \_

(similarily to original construction)

CVICW, c dl1daPCcd DY
) =

into account constraints arising from shutdowns and periods of access to the detector and as such represent PDR: Prelimi nary Desi gn Review
R L N O F U0 oS NIOU 8 onschied Option evaluation and component selection.

Only for determined items

ltem # units | Prod Prod PRR FDR PDR
T : Final Design Review
Front-End o = FDR F |.D g R : -
Baseplane 124 | 52017 | 11-2016 | 92016 | 2-2016 Specification and design finalization
LSBs 2328 | 9-2017 | 9-2016 | 7-2016 | 12-2015
'"‘:gn’:l':; '-cht)iB 1'2i44 ?2}; 13(;22‘:)‘175 ;22812 jgg:g 5-2014 PRR: Production Readiness Review
section g - - - - .
Digital Components To formally enable start of production
ADC 124°80 | 1-2017 | 10-2015 | 9-2015 | 4-2015 | 3-2014
ASIC Serializer 124°20 | 1-2017 | 10-2015 | 9-2015 | 4-2015 » ” y :
ASIC Laser Driver 124°40 | 1-2017 | 10-2015 | 9-2015 | 4-2015 In addition a “Demonstrator” program in
VCSEL mezzanine (TOSA) | 12420 | 1-2017 | 10-2015 | 9-2015 | 4-2015 :
5C Powering e P e late 2013-2014 to validate the system
Optical pigtails 1244 |1-2017 | 7-2016 | 5-2016 | 10-2015 aspects and possibly performance in
Cooling plates 124*2 | 1-2017 | 7-2016 | 5-2016 | 10-2015 ATLAS (See AppendIX_D TDR)
| Long Fibers [ 58 [7-2017 | 1-2017 | 11-2016 [ 4-2016 | | - System Tests Dec 2013-Mar 2014 in
Back-End -
oP8 34 [ 1-2017 | 10-2015 | 9-2015 | 42015 a dedicated !ab
AMC & FPGA 34°4 | 1-2017 | 10-2015 | 9-2015 | 4-2015 | 10-2014 - ATLAS review (Mar 20| 3)
IPMC 34°1 | 1-2017 | 10-2015 | 9-2015 | 4-2015 e
ST 377 2017 1102015 T 52015 T 42015 - Installation In ATLAS (June/uly 201 3)
Optical pigtails 34°4 | 1-2017 | 10-2015 | 9-2015 | 4-2015 - Standalone Commissioning
MicroPod Cooling block 34°4°8 | 1-2017 | 10-2015 | 9-2015 | 4-2015 i 90| 4
Carrier Board & RTM 34 | 1-2017 | 102015 | 9-2015 | 4-2015 | 10-2014 (remaining )
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EXPERIMEN]

Sharing and Institutional Responsibilities

Table 27. List of participating institutes and areas of interest for the construction of the project deliverables.

Front-End Electronics Back-End Elactr.
LTDB [DPE
B |2
5 3
g %
Blle £
PlE(E
Sl |l & =
gl=llg| E
8l glZS| S
o |2 |8 ‘S e 29 E
HE <§,§ § § 8 ‘% g g f bl_t
| O o @ < i
g|5|2 £ 2 BIE&(S]e Or responsIolites
— ok HHEE R IHEER R p. |
Sao Paulko® Brazil X
I N and sharing (MoU In
Victoria ~ ~ R _t
Annacy Franca/IN2P3 B W )
iy ) prepadration
Marsaille R R AR
Orsay-LAL X X KX X
Saclay Franca/CEA X X X
 Dresden Germany X | X
Milano Italy X X
| Tokyo® Japan X X X
[ Dubna-JINR Russia X X
Moscow-Lebedev X
Novosibirsk-BINP X X
| CERN Switzerland X
Arzona United States || x R
Brookhaven N XS X XX
Columbia X
Oragon® X
Ponnsylvania® X
Pittsburgh X
SMU X
Stony Brook ol AR

“Naw institusion joining LAr for the upgrace projact
Pinstituion contribuing to LAT upgrade project, associaied 1o LAT firough Brookhaven
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