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‘Infroduction

ATLAS and LHC A Toroidal LHC Apparatus

powr 4 v Biggest LHC experiment with several sub-detectors
) JM}#“ | . v' 46 x 22 m cylinder, weight of 2000 t, Point 1 of LHC
P et M, "W v" Two superconductive magnets:
’ /ﬁ[’ = 2.6 T-5.3 mlong Central solenoid
/NI = 3.1 T-20.1m barrel toroid R
% v' Mean Pileup (2017) ~ 34.4 :
[ = 's'(\ v' ~ 128 fb! total integrated luminosity
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* ATLAS Phase Il Upgrade

Timeline
LHC / HL-LHC Plan
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HL-LHC Conditions

Pileup density
Luminosity
v Phase I: <2.2x103* cm™2s! (300 fb!)
v' Phase-II : 7.5x103* cm2s1 (4000 fb!)
Conditions
v’ 14 TeV center of mass energy beam - 6000
primary tracks per event
v" No. of collisions per crossing from 34 to 200

& TLAS

EXPERIMENT
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within 150 ps at 50 mm space 44&/ :
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v' Extended tracking up to |n| <4.0 /7&/ — PileUp
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HL-LHC Conditions

£ 6—IIII'II'II.A:9Eél'lm.I.'IIaItJIonI io}émh}r}airy' R A
Vertex Resolution 2 4f_:§§§g\, o s
v' Need z, resolution < 0.6 mm ? o o o
v" Tracker much better for central L
region but t o
reaches the limit ~ |n| = 3 0.6 mmn imit
o
Time digtribution .
v' HS present a time peaked B T TTATLAS Simulation on Prefminary]
distribution with respect to PileUp £ a005 HE
that are flatter " 200E 3—
v" Exploit time spread within pp 103: ':
collisions for vertex separation 100E —E
v’ 30 ps/track transfers p=200 to u=30  -200- 6
conditions _300§: §, & h o e 2 s E _é
~49965" 86" 250 060 80 100

Vertex z [mm]
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HL-LHC Conditions

£ GEIATI'II.AISEéi'n?uIn'IaItiIc:Igr; Preliminary 1

Vertex Regsolution 2 Loscev =
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conditions H00EEE G EE B
406" 50 280 40 0.0 3060 80 100

Vertex z [mm]

22/3 /2018 E. L. Gkougkousis LHCb Upgrade Il workshop ‘ 7



*‘HGTD System

Po SITI on and geom eTry High Granularity Timing Detector

v Excellent Time resolution (< 30 ps per track)
Specifications for 2023 v’ Radiation Hardness (up to 4.5 x 10" n /cm?
including mid cycle replacement and safe SF)

Coverage 2.4<n<4.0

R, 12 cm v" Low volume modular design (7.5 cm total
R, 64 cm thickness)
A 75 em v" Low cost optimised layout
' v Occupancy < 10% pad with increased
At ~ 30 ps/track p . y p
granularity
Layers 2+ 1 /side
Z position  + 3500 mm 180““0009,/ of Choice: Silicon LGAD
Cell Size 1.3 x 1.3 mm? - Oq. -
£ . 3 <y
Bare g F Bl o -z P,
Toroid Calorlm;lv sLliquidArgon & g 22mn? : » Lay. CJ/
Calorimeter g a0l Si, E>0.02MeV o Layer 4
004 , y
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25m [ g8 "8 3
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2107 -
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e Sensors

Timing Concepts
)

Conversion

Jitter

7‘}.
2 e
Otot = 42 A)eSO/llfjo
elec, + gl 4
andau + 02

Fast time resolution:
v Maximize slope (large fast signals)
v Correct time walk with Constant
fraction discriminator

time C e . Coe e
wh § sional v Minimize noise to minimize jitter
ere: 5 signa w . ..

N noise av v" Estimated clock jitter ~ 5 ps

V,;, CFD threshold ks v" Thin silicon sensors with internal gain

t .. Fise time trise . N

S/N dv/dt ik = Cdet = 2 pF

?45:' | i, el Mool il SRS B O 4

% OF. o ::Lf:::: EZ:%?::C""‘” Jiterat 101C ;‘:.._ 120 - o

) E m Simulation: Ctest pulse ;_ [ ®Gain =20
N E F - 3 = 100 1 Gain = 15
° 8 é : é 22 | -*Gain = 10
8 ~ 30? - E ; e , »Gain=5
§ S 25f- e 3 > g - \ Gain =1
2RS0T e’

&) @ 10F- . 3 .
sfE- . 3 0 100 200 300
5. & e o f e i £ 2 v B2 0 .E Thickness Imicronl
00 2 4 5 6 T H.-W. Sadrozinski, A. Seiden and N. Cartiglia, 2817 4-Dimensional
Cd [pF] Tracking with Ultra-Fast Silicon Detectors, arXiv: 1704.08666.
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e Sensors

LGADs

Current [pA]
¥
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Oh
“eegon | v
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= Gaine+h ‘/
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F. Cenna et al., Weightfield2: A fast simulator for silicon and diamond
solid state detector, 2822 Nucl. Instrum. Meth. A796 (2015) 149.

1.3 mm active area

Passivation '

Metal

| ! 1 mm p-type implant /
H o ——
— BB #
7t i "
Channel Guard p-stop JTE
Stop Ring p-type Bulk
p-type multiplication layer
p
Buried oxide

\_/

Metal

SZ

wri g5

wri gog

Developed and initial R&D productions at

CNM (Barcelona)

Secondary p implant introducing moderate gain
HPK, CNM, FBK produced sensors

50 pum thickness on 250 pum support wafer

Different implantation doses including Gallium

and Carbon

Various structures including:

v Pad diodes of 1.3 x 1.3 mm?
v’ 2x2arrays of 1 x I mm? pad

Single Deodle

22 /3 /2018

E. L. Gkougkousis

LHCb Upgrade Il workshop




e Sensors

Testbeam Results

sze resolution Efficiency maps
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e Sensors

Radiation Hardness

90

J. Lange, et al., JINST 12 (2017) P05003
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g . ATLAS Simulation Preliminary~ /O/; C .. med, 3e14 -20°C, <L1,2>
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L + [ 050D 1e15 o
10 'ﬁ?f'a“}%*g;ﬁ et gson 315 o o L - &
- N ‘s 050D 6e15 @ ®
= S 2 o 10 E . < o a 2 =
- "Il . ® o
I E : ; : ) o° 8 a ©
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e Similar results Fluka - GCALOR * Thermai neutron 1rraaiation singie paa diodes
*  Max. (n =4.0) after 4000 fb''~ 4.5x 101° * Time resolution in the order of 40 ps for gain of
n.,/cm? (mid cycle replacement at 2 x 10'%) 10-15
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‘Integration

ASIC and Signhal extraction

ATLAS LGAD Timing Integrated ReadQOut

FLEX cable

A
HV wire bonding -~ Modules assembly

plate at inner ring
Electrical components

r S

Cooling/support plate

“Spacer

Bum‘b bonding

ASIC wire bonding

Chip (ALTiRoC)
2 x 2 cm die, TSMC 130um technology
Bump-bonded to 2 x 4 cm? sensors
Single pixel readout, 225 channels/ASIC
Readout Rate:

» 1 MHz detailed hit info after L1

» 40 MHz number of hits on outer
radii for luminosity estimation

Y V VYV VY

» 25 ps estimated time resolution
» Wire-bonded to capton flex

ePortTx 320, 640 and 1280 Mbps ePortRx 10.24 Gbps
LGAD : 4 ,
censor| Altiroc Flex (up to 74 cm) > IpGBT VL+OM ——> fiber
\ J l J
| |
Detector front-end Off-Detector Electronics
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‘Integration - Mechanics

Forward & backward detector disks ecirnics |
with central half rings & stave concept. et
v" Total 6 m? LGAD sensors A
v/~ 800 modules in total )
v' 2 x4 cm? per module

Outer Drum 0\
®

MBTS threaded holes to

be used for HGTD bolting
2 double-sided layers of

=t ' on the Lar EC wall
LGADs & ASICs and
peripheral electronics ‘ ( \ ) \

Mandrel g
9

20mm Moderator

outside the HGTD Vessel
30mm Moderator inside Back cover
the HGTD Vessel .

Front cover [§
with stiffeners

Large eta modules, Outer modules where
bonded to single half physical staves are
panel considered
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‘Integration

Layout Optimization Wi
,l'l
s Efficiency Geometry i
& Events with O hits 0.7 % | Longest Stave 546 mm ‘:ﬁ\
S e !
?) _ Coverage 91.8 % T | 7
S Fraction of eventsatxory=0 52 % jrammanana EEEEHHA
3 18 staves per quadrant S e
(}3 SSH T
§ 4mm First 20% 20 mm
S * Resolution degrades with = e ——
= : . < | —
S irradiation 2{ — E— [ Tansiton |
. =
S * Inner region more affected \\ il P
@) . as 1
S * Increase number of hits to recover e
Se! 4 38 36 34 32 3 2.8 26 n 32 o0 ATLAS Full Simulation Internal
2 SOFATLAS Fill Simubfon inernal | mermemor: | 1 © EE Number of its in the HGTD
E‘ - HGTD-Si 2 Layers ) 4 35
' 70Muons p, =45 GeV + Final =
g i g C © Intermediate 7 3
S Inter-pad Region 3 60 § s ; 3
g § ;+++++++++++ ] .
2 50? S ++++++++*++++++++++ 5 2
. 30 um > 94 % g - T T
',:: 0 o 40;~+++++++*‘++***+++++++;;;;H;,h'?;-h;‘wf*”-; 15
S 50 pm - 90 % £ r : 1
100 }J.m 9 82 % r 30;_ Assuming 30 ps resolution per pad/25 ps electronics _; 05
205556200 250" 300 350 400 450 500 550 Qoo 200 300 400 500 600 °
R [mm] X [mm]
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‘Physics and Performance

TrC]Ck reSOlLJ'l'Ion st 38 36 34 32 3 2.8 ez,r%!lg,
TV

8 L ATLAS Full Simulation Internal raoscsentiny T
) ~ HGTD-Si 2 Layers ' ]
jfé 50 —Muons p, =45 GeV + Final —
6\“5 0 olo “z - ~  Intermediate E
\,&(% \.2& £ 40 + Initial —
at et © g +44, T+ =
\\‘t “\\’ 36‘06 = '_:_.H__+++++ L g sl +++_ _ +v L ++++++++++++1:k
2 o™ %o - ; i
~ « 0 (@) 30_ o ++ +++ T & 4 S ! - ! |
J '7%6L t\o a?% = -~ 1 S e st J P 7+-;—‘+++++++_7¥‘_*+++:-T-%-T;)—_
KY‘%\{\&S“\ o«:e‘f\ = FEOL SR S S ]
o) w — : o ' il
I aed? © 20f g
@ o B i
= L ]
E 10 3
0_ e

150 200 250 300 350 400 450 500 550
v" Dead regions between staves accounted for )
= 4 mm for 80 % overlap
= 16 mm for 20 % overlap
v’ Track resolution always < 40 psec
v' 3 different timing scenarii
» Initial : 30 psec per pad and 25 psec for electronic

» Intermediate : timing resolution after 2000 fb-! (with inner layer replacement)
» Final : timing resolution after 4000 fb!
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‘Physics and Performance

Performance

Electron Isolation

%)

\\\\\

2 QQTLIAg Full Simulation Internal

31 05; V'g:14 TEV_ <.Ll> =200 ITk+HGTD : Final E
w F Z—e'e ) |
= 7 =—@— [Tk+HGTD : Intermediate

{E- HGTD-Si E
- —&— |Tk+HGTD : Initial 7
095 ! ; =
T —— iy ,I_ & B
0.9 —— —
0.85 | —t— =
0.85- —+— =
0.750 | =
N S I SN BRI B B
0% %05 1 15 2 25 3 35

Pileup density [vertices/mm]

v’ 2 layers/side with overlap
v’ Average efficiency ~93% at all cases
v’ ITk only average efficiency ~83%

Performance plots currently been

B-tagging performance

5 005 R e A ARmassmE s
g ATLAS  Simulation Preliminary HGTD (2.4 <n| < 4.0) =t
‘© = tt simulation, jet p,>20 GeV MV1 70% fixed cut WP —
S . —ITk 1
[} — —t
[=)] 0.04 - — ITk+HGTD (60ps) _
%) - ITk+HGTD (30ps) —
o - — ITk+HGTD (15ps) 5l
[0 = =
o 003 —
E B ]
ko) - ]
S 0.02—
: —

0.01—

Ratio to ITk

f\llw

T 1

T

0 05 1 15 2 25 3 35
i jet n|
v' 100% Efficient does not use n
parametrization nor fill factor

v’ Initial assumes 30psec across the whole
detector

updated for new geometry v’ Slight degradation between initial and final,
though larger loss from hit efficiency
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‘Physics and Performance

Some EW channels tH(—bb)

qqH—qqWW ' — qq Tev v, ® 11% relative improvement

® 8% relative improvement

> 43% background rejection /O”@s%
> 3% PU efficiency o,
» BDT analysis
» Top dominated background

due to forward b-tagging

.‘E ATLAS Simulation Preliminary ot
= —  Vs=13 TeV, 3000 fb" 3
(n — ] T T l. I T ‘I T l .l -i T I ] — = o =90, - o, . A ‘tH
- 3000_ ATLAS Simulation Preliminary _ 2 “"“"_‘T‘:' S e I WRHETD o th
() N g 10'1 |— N =3 o tWH
> {s=14 TeV, 3.0 ab™ Bww Bl z+jets T = E@gﬁ@f‘iﬁ:@:ﬁmj:é__ A A =
YT e ] §F T e =
= [ th |:|Single Top _| o —— -,
....... oy + = =
5 0] — =
2000_— - [Cw+jets dd [lwzizz . g e . =2 }W o
i [ P Over+ ] o R :3%%
i ~_SM (stat) i - -
- "I - 10‘-2 - P—?ﬁ’— =
1 000 _________ TR | 1 1 1 1 1 P
e — — w 1.5
[ NANBIERER _ E
o . -
. 1§ dptE _gﬁ:#—H-T_ .
- 1 © e,
O ---------- L + e ;i:
0.2 04 0.5 05 3 15 2 25 3 35 4
[n(most forward light jet)|
BDT Output
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*HGTD as Luminometer

> Out of time sideband .
subtraction ol
» Hit count per ASIC and BCID

[ ] [ ] [ ] L] Q
On line and off-line esfimation o

. . 2,4
® linear dependence of number of hits w N . %25 "o
on number of interactions T il :
.. . =) _— irst Layer ]
» Count hits in the region of 5 E . Overlaid =1 MC events :
320 mm < R < 640 mm I 8000 « Standard MC 240 <k <315 -
. . © L ==li fit : ; _
» 0.1% expected statistical ; - neart B
uncertainty for 1 sec integration £ - r
= y -
. 7 -
time | € 4000 / .
> Low systematics g 240 <hi <280

2000}

1.02

§ 1.01 -
® On-line Estimation f S e Mj
> 40MHz readout for real time = 98 - 4
estimation 5 A0 e
» Provide per BCID interactive 5 10]:2*4?«31615 _________________________________ M__
estimate S 099} . {4 .
> Total latency of 440 ns (100 ASIC+ = 9% 50 100 150 200
340 ns ﬁber) Number of interactions
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Schedule

Important mile-stones
» 2018 -2020: Sensor, ASIC, electronics and services RnD
» 2021 -2024: Fabrication and module assembly

» 2025 - 2026: Installation and Commissioning
2018 2019 2020 2021 2022 2023 2024 2024 2025
ro/procervves
E pre-production —
production [———1
otatition | I

R&D/prototypes
-
£ 2 procurement/production
£5

Installation in USA15

enginsering I

§5 Commissioning HGTD-A ]
=

]
E £ Installation HGTD-C [ ]
£5

©  Commissioning HGTD-C [ ]
HGTD Schedule
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Conclusions and Outlook

Sensors, ASIC, Integration and Radiation Hardness

So far....

Physics
v" Very promising results for pileup rejection in the high 1 region where VBF and

exotics will benefit
v" High jet single purity for invisible searches

Sensors

v’ 26 ps time resolution for single un-irradiated 1.3mm? diodes

v 99% uniformity with low inefficiencies in the inter-pad regions

v" Operations up to 6e15 n./cm?*, meeting the radiation hardness requirements
v Any timing degradation due to early breakdown

Integration

v' First ASIC prototypes successfully assembled at IFAE and tested in HGTD
September CERN testbeam
v" Validate full ASIC design and expect first prototype at the last quarter of 2018
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