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A High-Granularity Timing Detector (HGTD)

in ATLAS : Performance at the HL-LHC

The High Granularity Timing Detector (HGTD) is a detector composed of
silicon layers with pads of 1.3x1.3mm? that is proposed to be put in front o
the end cap of ATLAS for the HL-LHC. The high granularity and excellent

timing resolution adds new capabillities for physics analyses at the HL-LH

| | | |
........ AL e e e ATLAS IPlrlelllrrllllnlarIyI T T P I Ie-u p M Itl gatl o n 600 ,:;’_lr_t,:\g Full S|mulat|on Prellmlnarv Truthvemxtrackoutsidem]
: t .

/>‘ 1?_ - L HGTD-Si Simulation _ - 3= T
Flections p, =45 GeV - HGTD : " so0) Nominalbeam spot o, agmm * FZIEIIE
el H wnzeemoeom | HL=LHC beam spot : + Coverage :2.4<|n| <4.0 T oRant o
nnm<--m0.0-5m 10 200 pileup (PU) interactions Do 2000 B e e L
- plieup * End-caps:z=%3.5m 1006 i gL e S
1 o — . SRR R R BRI
oaf- 1 ¢ 0,=130ps (45mm) » 30ps resolution per MIP _1035_5 ”’@"@ Vi e
I 1 e = R e B e S
ool —I_lﬂjk - o, = 175ps  Can assign a time to each track-os el s i i 000 =
' 1« In average : 1.6 vertex/mm . DR < i HH R O
oL | | I ol g Tlme measurement reSOIVeS 4Q(?OO —E|30 —E|SO —4|10—2|0(5 2|O 4|O 6|O 8|O 100
\ U T T vl densy e vertices merged in space W
Silicon Sensors Object reconstruction : Jets
« 1.3x1.3 mm? pads - T Di)
purious m
T io ¢ LGAD SenSOrS pileup je Jet_from Igup ) t . t th . t f t t
- pileup @ n contamin inter
coion| | * Moderate gain = 20 an CoMamingte he Jois o7 INeTes
. _ » (Can also produce additional jets :
 Thin sensors = 50 um
" * (Good time resolution ~ As hard QCD process
__________ - ,, » As particles from multiple vertices
____________ R A 50 um LGAD signal Pileup ©~ Hard scatter
= o ° ~ » Solution : association of jets , s,
O et = O Landan + O iiger + Oy + O e - with tracks and primary = 54“”'2?9%“ e‘_é#‘g‘fsT.im';o'my -
J I I \ % N Ve rtlces .%:) 4005_ | — ITk _;
L ise cive digitisation | - * Improved by timing & a0op CManstses
Thin sensor iIne digitisation _ _ ok | — M o) =05
(S/N) N information : e
Gain/ With o(t) = 30 ps, rejecton ~T—— -
Improved by faCtOr Of 4 00.8 o > Efficiencyol;grshard-scatterje:s

Expected time resolution : 30 ps (60ps after irradiation)

/ Object reconstructlon b-tagging \

Ul
o
1

0.5 055 06 0.65 0.7 0.75 08 0.85 0.9 095 1

b-jet efficiency

doping concentration
 (Gain decrease with irradiation

Test Beam s ETT T it
= E MV:1 : HGTD (24<|n|<40) 3
g MO T T . T I~ —:$EHGT56%; ~ 1e b-jets = displaced vertex =
S 120/ 120 Ge sione :§:uH“ﬂ-é 1 » Beam test campaign at CERN 2 EN NN S 53‘ Iaige v WmdeW > very
ol T cAgemmIM S i Aytumn 2016 - S sensiti\(/)e to pileun
O .o A 1« Gain 20 : g. = 40Ds e NN E
b el \ El Gain 40 Tt 27p i 1« HGTD = reduction of the PU
E ..l. ° A, E aln ) O-t — pS 10 e o o o e NN = t " t. 9 I t
a0 .. . . - . . A = contamination mprovemen
: -« » « 1+ Verygood efficiency and time S oo i el A S I S - . .
20" " resolution uniformity T N of the b-tagging efficiency
O 40203040 B0 80 - 3 3_ _' 700/0 efﬁCienCy > 4 rejeCtiOn
. 70 - 2 - 1 .
- e Single Pad 0.8 mm? E 1 improved by a factor of 2
* |rradiation change the effective 01 12200 . \\ | RS S E /
it
40 ®

Timing Resolution [ps]

0 50 100 1 50 200
Number of interactions

30 - I
+ Above 105 neg/cm? : no difference £, ¢ ° Object reconstruction : Lepton
with a pin diode 10 v » Isolation efficiency : probability that isolafion cone - { >
» Bulk gain created by irradiation (=10) o u , no PU track with pT>1GeV is within
e nence 2 dR = 0.2 from the electron PU vertex
=  Needed to separate HS electrons (Zo. 1)
. \___ HS vertex
] [ ] ) (ZO' 1.2)
/ Lumin OSIty \ from ele.ctrons coming from decays
£ [ TATiAs SriatonPreimmay a4 <mots | - CONVersions or fakes
e T S 7 HGTD : measurement of G TS S S, | ITK - ONy the track
I ©  the luminosity at each w 15_ 2o il ominE from the primary
S 6000— __ ‘b — ] - —e— ITk+HGTD (0,=15ps) ]
i /%Z//Z//////Z/ = bunch crossing R A S S S vertex
;///?///////é/?/ oo 4o Number of HGTD hits oC 09| =3 « HGTD+ITK : tracks
/////// //4/ ;27//?;52///%%/2 IIIIIII b|=-<l).o|¢ 01 . . 0.85; + —f th t
ot number of interactions per : : with a ime
3 1.02 2.40 < Inl <2.80 ' . 8 — . .
A R i gy CTOSSING m i3 | - compatible with the
os0l— - - + Good linearity =» precision vertex
< 1.02 . . O'70 0.5 1 1.5 2 2.5 3 3.5
AL W«m of a few % on o Pileup density [vertices/mm o
kg;gg . . / » Efficiency almost independent of the PU density with the

HGTD

S PARIS FEEEBHTELE | &

mz Hl rlGra|rr‘nu|Ir?"ty " ;i . : . . N\ AILAS
el andEﬂJrgyCa.or.metry |!“ Corentin Allaire (LAL-Orsay), on behalf of the HGTD activity fg EX PERIMENT

IIIIIIII




