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Introduction
— Need for HL-LHC and Future Hadron Colliders (e.g. HE-LHC, FCC-hh )
— Challenges

Track Trigger

— Physics motivation
— Triplet Track Trigger (TTT) based on HV-CMOS technology

Triplet Track Trigger Study
— ATLAS Full Simulation

— FCC like detector environment (Geant4 standalone)

Results and Outlook
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Physics Motivation for LHC Upgrade and FCC

« High precision measurement of Higgs boson properties
and Standard Model tests, e.g. Higgs couplings

* Increase discovery potential for new physics at both the
high energy and intensity frontier

» Search for rare processes with high sensitivity
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Physics Motivation for LHC Upgrade and FCC

High precision measurement of Higgs boson properties
and Standard Model tests, e.g. Higgs couplings

Increase discovery potential for new physics at both the
high energy and intensity frontier

Search for rare processes with high sensitivity
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Luminosity

 Measure of the number of potential collisions per unit area over a
given period of time
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Luminosity

 Measure of the number of potential collisions per unit area over a
given period of time

* Increasing the luminosity: squeeze in more number of particles per
unit area per unit time
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Cross-section

 Measure of the probability of a process to happen
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Why High Luminosity and High Energy?

The LHC: CMS energy fixed by the 27km tunnel and the 8T dipole field
— increase the luminosity of the proton beams (HL-LHC)

Beyond HL-LHC: Future Circular Colliders
1. Tunnel length same as the LHC and 16T dipole field: High Energy LHC (HE-LHC)
OR
2. Anew 100km tunnel and 16T dipole field: Future Circular Collider FCC(ee, eh, hh)

~Euture
“liCircular

~ Collider =

Image: CERN
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Future Hadron Colliders — Challenges

Parameters LHC (Run2) | HL-LHC HE-LHC FCC-hh
CMS energy [ TeV ] 13 13 27 100
Eta coverage 251025 -4t04 -6t0 6
Peak Instantaneous luminosity
[10%cm? s] 2.1 5-7 16 30
Pileup (BX = 25 ns) 34.2 200 500 1000
Radiation fluence [n_/cm’] 2 x 10" 2 x 10 ~6x10"
Goal mteg[aatgﬁlllummosny 0.160 3 10 20

Future Circular Collider Study. Volume 3: The Hadron Collider (FCC-hh) CDR, ATLAS Collaboration Week
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https://cds.cern.ch/record/2651300?ln=en
https://indico.cern.ch/event/777759/contributions/3235445/attachments/1793567/2922744/LHC_Status_and_Plans_ATLAS_Collaboration_Week_v.0.1.pdf

Future Hadron Colliders — Challenges

1 2 3 4 5 6 7 8 9 10 11 12 cm 1 2 3 4 5 6 7 8 9 10 11 12 CMm
A candidate Z boson event in the dimuon Simulated ttbar event, <u>=200

Vertex resolution of better than a millimeter required to suppress pileup
by a significant amount

Total data rate of 1-2 PB/s @40MHz BX, low storage rate ~1kHz (now) — > 102-103 kHz (future)?
Trigger thresholds are generally increased to limit the rate

Need smart selectivity and radiation hard technology!

T.Kar, PI Heidelberg 10



Track Trigger: Physics Motivation

* Goal : precision measurement of SM processes, new physics beyond SM
Interesting physics processes : Z — ii, B, — yy, hh — bbtT, hh — 4b

* Challenge: pile up

(with track information the pile-up problem can be largely reduced — optimally
already at trigger level for every bunch crossing e.g. @40 MHz)

* Track trigger : event selection based on track (vertex) information

A pileup event
lepton isolation Precise measurement of the

/ . Z position of the
/ | primary vertices required!

Online, at trigger level!

dilepton

\ and to trigger on dilepton
and multi-jet channels

S S
'/\\’{ z \ Crucial for pileup suppression,
7\
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Triplet Track Trigger (TTT): Concept

 Triplet: three closely stacked detector layers at large radii

li [

Optimalgap~2-4cm
Hits line up on almost straight lines

— easy reconstruction

£

X

>
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Triplet Track Trigger (TTT): Concept

« Triplet: three closely stacked detector layers at large radii
* Uniform magnetic field B along the axis of the detector layers (z axis)

Why large radii? Opt ~ 1
— Large lever arm — Dt L

— Lower occupancy

Ii > I3

>

(0,0) X

Circular trajectory (x —y plane)
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Triplet Track Trigger (TTT): Concept

« Triplet: three closely stacked detector layers at large radii
* Uniform magnetic field B along the axis of the detector layers (z axis)

Why large radii? Opt 1 Pixels (CMOS Monolithic):
— X = — provides 3d space point
- Large lever arm - Dt L — precise Z vertex reconstruction
— Lower occupancy (not possible with strips)
4 (837 Z3)’

S (52, 22) %

- (s1,21)
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Circular trajectory (x —y plane) Straight line (s — z plane)
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Triplet Track Trigger (TTT) Study

1. Using ATLAS Athena software framework (detailed detector simulation)
— compare TTT tracks (very first level, three layers) to ITK tracks? (nine layers)

2. FCC-hh using a full Geant4 standalone simulation (ref. FCC-hh tracker layout)
— TTT tracking performance for various gap sizes of the TTT

 Physics channel used for the above studies: H — hh — 4b via VBF
my = 1TeV

— in the SM VBF hh production, this will allow the extraction of the trilinear Higgs
self-coupling A

1ITK tracks : tracks reconstructed using the inner tracker(offline tracks)
T.Kar, PI Heidelberg 15



Triplet Track Trigger (TTT) Study

25m

Tile calorimeters

% LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker
Semi B - 4T Muon chambers
emiconductor fracker _— ECAL

Main Solenoid

Tracker Forward Solenoid

Beam Tube

Radiation shield Vacuum Vessel
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Triplet Track Trigger (TTT) Study

E
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LAr hadronic end-c¢
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Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets
Transition radiation tracker
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Muon chambers
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Triplet Track Trigger Study (ATHENA)

ATLAS Strip tracker with the CMOS triplet layers

_(Image: Nigel Hesse
=4 | TTT Geometry
Specifications:

— radius:  85cm
— barrel: 300cm
— nrange: ~|1.5]
— gap size: 2cm

— XIX,: 1.5%
— sensor:  8x8cm?

— pixel size: 50um?2
(CMOS Monolithic)

CMOS triplet

e Full chain has been implemented in ATHENA:
1. Simulation

2. Digitization

3. Track reconstruction in B = 2T Zoomed view
T.Kar, PI Heidelberg 18



Triplet Track Reconstruction Algorithm

(1) Triplet Hit Selection (pre-selection of hits)
(2) Triplet Track Parameter determination (pt, zO, eta, phi, dO)

(3) Final track selection

T.Kar, PI Heidelberg
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(1) Triplet Hit Selection

1. Transverse barrel cut : |¢p3 — ¢1| < 0.007rad

| Wide cut
2. Longitudinal barrel cut : |Z3 — Z1| < T0mm ’\‘

— track parameters can already be calculated using beamline constraint?

" 1y ' (0
y * S
/ (sl,zl)*
/ <
/ ol
/ o
/ (3
/
/
/
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/
/
fél i1 l:1;
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(0,0)! Vg (0,0)

?Beamline constraint: (x,y) = (0,0) T.Kar, PI Heidelberg
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(1) Triplet Hit Selection

|

Loose cut

1. Transverse barrel cut : |¢3 — ¢1| < 0.007rad N\

2. Longitudinal barrel cut : |Z3 — Z1| < T0mm
.
3. Transverse residual cut : |d@a| < 1% 10~ %rad Ve

4. Longitudinal residual cut : |dza| < 9% 10~ %mm y

. A =05+ (o + )] < cut R
y *: y
/"
/
/
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/
/
Y/
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(2) Triplet Track Parameter Determination

Track parameter calculation
— Using two independent methods:

1. without beamline constraint
small lever arm — K,,; Nnot so precise
when the three hits line up in a straight line(x-y)

2. with beamline constraint2
large lever arm — precise K3

= |slope|

Ope 1 1
Pt aLapt

sin(2A¢)

| 0.3x B

] bt =

K013 I 1213
(0,0) Vg

’Beamline constraint: (x,y) = (0,0) T.Kar, PI Heidelberg
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(2) Triplet Track Parameter Determination

Track parameter calculation
— Using two independent methods:

1. without beamline constraint
small lever arm — K,,; Nnot so precise
when the three hits line up in a straight line(x-y)

i i int2 . . ;
2. with beamline const.ralnt In the longitudinal plane a very precise
large lever arm — precise Ko;3 reconstruction of z vertex is possible

Cﬁrvature of particle trajectory a Pixel hits (817 “1
= |slope]
o S (82’ ZQ) Reconstructed track
Ipe 1 1 (83, 23)
pt L p¢ ,
/
/
II
/
,/
sin(2A¢) /
/I
//
I 0.3 % B J/
| pr = ——— J - (83 —51)
K013 Ii 1213 Ny R0 = 21—
/07 slope
’ yi
(0,0) X (0,0)" “Z0 ya >

|
’Beamline constraint: (x,y) = (0,0) T.Kar, PI Heidelberg



(2) Triplet Track Parameter Determination

Track parameter calculation  fast algorith!

. mple and Ve ‘ »
_ imrf) be '\mp\emented in hardw
- Ca

1. without beamline constraint e.g. FPGA
small lever arm — K,,; not so precise '
when the three hits line up in a straight line(x-y)

— Using two independent methods:

i i int2 . . ;
2. with beamline const.ralnt In the longitudinal plane a very precise
large lever arm — precise Ko;3 reconstruction of z vertex is possible

Cﬁrvature of particle trajectory a Pixel hits (817 “1
= |slopel
o S (82’ Z2) Reconstructed track
Ipe 1 1 (83, 23)
pt L p¢ ,
/
/
II
/
,/
sin(2A¢) /
,I
//
I 0.3 % B J/
| pr = ——— J - (83 —51)
K013 Ii 1213 Ny R0 = 21—
/07 slope
’ yi
(0,0) X (0,0)" “Z0 ya >

|
’Beamline constraint: (x,y) = (0,0) T.Kar, PI Heidelberg



TTT Performance (ATLAS)

« Track purity of TTT tracks

_ #reconstructed tracks(cut + matched)

P #reconstructed tracks(cut)

Matched track:
all the three hits of this
track have a unique barcode

1. Transverse barrel cut : |¢p3 — ¢1| < 0.007rad
2. Longitudinal barrel cut : |Z3 — Z;| < T0mm
3. Transverse residual cut : |d¢g| < 1% 10~ *rad

4. Longitudinal residual cut : |dzs| < 9 * 10~ 2mm

Purity

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

!IIII

0.1—

ey

IIIIIIIIIlIIII!IIII[IIIIillllillllllll[llllllll

e

", [GeV/c]

Track purity as a function of pt

 The redundancy cuts implemented on the hits in the middle layer allows rejection
of a lot of fake combinations at a very early stage of reconstruction

T.Kar, PI Heidelberg
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(3) Final Track Selection

Final track selection cuts

. Minimum momentum : ptg13 > 2GeV/c

. Longitudinal acceptance : |ng13| < 1.4

Luminous region : |Zp13| < 100mm

Momentum consistency :

|HJ123 — KJ013|/O',{ < 95*x0 medium cut

|HJ123 — KJ013|/O',{ <30 | tight cut |

w

t 13.6MeV * Kkp13

02 =0.5% (ﬁ)2 +

/ ~

\/ T~
Y /

Hit uncertainty MS uncertainty

= 50 % 1073mm is the pixel width,

‘ X[] * S'Z'.n(élglg) * 0.3%x Bxd ‘

— a check on the consistency of momentum
(curvature) measurement using two independent
methods

- dK,,, << 61<123=> K3 — K | depends on pt(k

123 013)

)2

w

d = 20mm is the spacing between the layers in the triplet.
XLO = 0.015 relative radiation length in the middle layer &
B

= 27 is the magnetic field

T.Kar, PI Heidelberg 26




(3) Final Track Selection

3. Luminous region : |Zp13| < 100mm

4. Momentum consistency :

. truth
 Final track selection cuts _
1. Minimum momentum : ptgiz > 2GeV/c _Toz_
2. Longitudinal acceptance : |ng13| < 1.4 éﬂu;:

= 04 ‘—UI.BI ' '41?4 = lﬂol.zll — ;:- = :o.lz — 1. 0!4 = '0.'5 ' -,"ﬁ
K123 — Ko13|/0x < 5 x0  imedium cut Ko13 — Kizs[mm™ ] w/0 Fout
|K123 — Ko13|/0k < 3% 0 |_tight cut | . “
04 10 Keut = 3
2 (RY t 13.6MeV * ko139 ‘0.35— e Koyt = 4
= 0.5 - - ot
Tr \ i (dz) | +\Xg * 8’:".71(9013) i 0.3%x Bxd /) o o2 —_— Keut = 9
\ . J - | -
! N E 0.1
Hit uncertainty MS uncertainty % E
=
L g1f
Large smearing effects due to multiple scattering are ~ ~ f
clearly visible for large values of the curvatures [k, | ~F 3
I T e I T S

K013 — K123 [mm_l]
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TTT Performance (ATLAS)

 Final track selection cuts

1. Minimum momentum : ptpi13 > 2GeV/c
2. Longitudinal acceptance : |ng13| < 1.4
3. Luminous region : |Zp13| < 100mm

4. Momentum consistency :

|H§123 — I{013|/O',{ < 95*x0 medium cut

|H§123 — I{013|/O',{ <30 | tight cut |

_ #reconstructed tracks(cut + matched)

p_

#reconstructed tracks(cut)

Purity

1.04

1.02

~-loose  w/0 Keut
4 medium  Keut = 4

Relative difference
|PIW Ky & KipaiS |

|higher @high p,

", [GeV/e]

Track purity as a function of pt

Matched track:
all the three hits of this
track have a unique barcode

One can gain in track purity at higher track p, by applying the momentum
consistency cut based on tracks reconstructed using two independent methods

T.Kar, PI Heidelberg 28



Track Reconstruction Performance: Single particles

c —

_ #reconstructed tracks(cuts + matched)

#particles(cuts)

-

Efficiency

0.95

0.9

0.85

0.8

0.75

0.7

¥ abs(m)<1.4
— -% abs(n)<1.2

Efficiency Vs p, for different n regions single u's

: ¥ abs(m)<1.0
‘:'___vz—_':=v=='=='=:'—_='——'—'1 - abs(n) < 0.8

|><103

100
p( [MeV/c]

dead area of 0.4mm along a
stave( 80 x 80 x 150 mm’)

* Alot of particles do not make it to the TTT at the edge (n ~ 1.2): interact with inner layers
and get detected by the endcaps

« Adead area of 0.4mm between consecutive sensors along a stave — very conservative

T.Kar, PI Heidelberg
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Track Reconstruction Performance: Single particles

#reconstructed tracks(cuts + matched)
c —

#particles(cuts)

Efficiency Vs p, for different n regions single e's

-¥ abs(n)<1.4
-+ abs(n)<1.2

& 1__._. ........................ e s Feree s
5 - ? : : ¥ abs(n)<1.0
] T L e G e & e ¥ abs(n)<08
I.It.l 0.95 - — 7_' =':E_'—_Y__'—'__‘: :
E == ?
0-9__ ........................ ; ............................. E ............................ : .................................................................
=y
085? ........................ prd ............................ e It S
- B S e
0.8 L, SOUREE ............................ ................................................................
0.75 :_V ..............................................................................................
07E- .
0.65 :_, ..............................................................................................
0.6 :_ ..............................................................................................
0 55 : L 1 | [ L | 1 ] | 1 1 I 1 1 1 | 1 1 1 i |)<103
-0 20 40 60 80

100
p, MeV/c]

Efficiency Vs p, for different n regions ~single «'s

¥ abs(n)<1.4
- abs(n)<1.2
-+ abs(n)<1.0
¥ abs(n)<0.8

Y S O SO R S
098 __v: S e A e —
7Y S 4 S S
0.86 [ e e

- ﬁV—fo—V—_Y V— vy v — Y — ¥ v—
08 SIS W S
075 :_. ..............................................................................................
0 7 C 1 1 1 |. L 1 1 J 1 L L l 1 1 L |. L 1 1 j |X103

"o 20 40 60 80

100
P, [MeV/c]

» Alot of particles do not make it to the TTT at the edge (n ~ 1.2): interact with inner layers

and get detected by the endcaps

» A dead area of 0.4mm between consecutive sensors along a stave — very conservative
« Inefficiencies: @low p, - electrons emitting bremsstrahlung, @high p, — hadron interactions

T.Kar, PI Heidelberg
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Track Reconstruction Performance Comparisons
(TTT Vs ITK)

€

~ #reconstructed tracks(cuts + matched)

efficiency

#particles(cuts)
Efficiency and purity Vs p,
= T T 1T S S B A I I | | |
=) 0.95 -
: - :
3 GC) 0.8_— ........................................... ............................. ............................. ......................................... —_0.8 .éq
S5 b 15
085 o % B 7] o
0.7 e ............................. ............................. ........................................... 0_7
- hh — 4b .
V¥~ ITK tracks L W~ ITK tracks N
0.6_ ........................................... ............................. ................ _0-6
0.75— @ TTT tracks éw;o.?s E @ TTT tracks E
: _ 1 1 i 1 1 1 : 1 : 1 I‘
0.7 i“')s 0.7 05 ; T 5 05 3 05,

"p, [MeVic]

« Inefficiencies (ITK, TTT): @low p, - electrons emitting bremsstrahlung, @high p, — hadron

interactions (hh — 4b dominated by pions)

» Alot of particles do not make it to the TTT at the edge (n ~ 1.2): interact with inner Iayersx,»"'

and get detected by the endcaps

« Adead area of 0.4mm between consecutive sensors along a stave in TTT

— very conservative

T.Kar, PI Heidelberg
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Track Parameter Resolution Comparisons
(TTT Vs ITK)

_I T T ] IIIIIIIIIIIIIIIIIIIIIIII |
14— F— H— S— — A— AR— .. ¥ ITK tracks

» @ TTT tracks
PP S I S A S S

T
1

] E—— ............... ............... ............... ................ ................ ................ _

NCERNR S W R W T R N

Gz MM

O ]

7| S— — — H— S— T I ——

0.2 — oo — S— — I— — S— SR S——

Inverse momentum resolution Vs p, z0 resolution Vs p,

* |TK tracks have better momentum and z0 resolution than the TTT tracks

« z0 resolution with sub-mm precision for p, > 4 - 5GeV
— Can be used to suppress pileup at the very first level

« ITK tracks have much better zO resolution, as the pixel layers are very much closer to
the beamline (@3.9cm - 1* pixel layer)
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['TT Study for FCC-hh (standalone G4 simulation)

B=4T s 010 29 S0
Main Solenoid HCAL :
Muon absorber
discs
1 3.5
7 ST L 4.0
| "2<3 I I I N I I W ey
: el | LT 4.5
L "‘J| = I g g
Sl Radiation ghield Vacuum Vessel 0 _éséﬁ—ﬁ I ] L 6 ) O
arlkarn00 10000 15000 |
Central Tracker Z [mm]
Baseline detector design and tracker layout for FCC-hh (FCC-hh CDR)
_g5am TTT Geometry Specifications
11T &8 in a FCC-hh like detector:
— radius: 85cm
— barrel: 450cm
— n range: |1.7]
e T s A T R e O T T T T .
e ; i — gap size: 2,4,5cm
— X/X, per layer: 2%
= — Sensor: 2x2cm?
- > — pixel size: 40um?2
(CMOS Monolithic) 33
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https://cds.cern.ch/record/2651300?ln=en

efficiency

TTT Performance (FCC-hh)
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__ﬁﬁ'ﬁﬁlﬁﬁﬁlﬁilfﬁIZ;fﬁIﬁZI ﬁﬁﬁﬁﬁﬁﬁﬁﬁf..s_”'

0.7

purity

0.6
0.7

hh—4

. 05
Vs = 13TeV ]

Vs = 13TeV
<u>= 960
B =4T, gap = 40mm

0.6 0.6

<u>= 960
B = 4T, gap = 40mm

0.5,-|,,,,-|....-|||||| """"""""" 0.5 03

0.4

3 o

IIIIIII|IIII‘IIII|

e

n b, [GeV/c]

Efficiency & purity Vs n Efficiency & purity Vs p,

0.3

gy
o

_ #reconstructed tracks(cuts + matched) #reconstructed tracks(cut + matched)

-~ #particles(cuts) P

#reconstructed tracks(cut)

Track reconstruction efficiency >92% and purity ~75% at pileup 1000
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TTT Performance (FCC-hh)

Relative p, resolution Vs track purity for various gap sizes of the TTT Z, resolution Vs track purity for various gap sizes of the TTT
e
> 1_2_5_ ...................................................................................................................................................................................
» f o
o >
o i ®
ST 22
S ' oo S o
= g g o —
Q - Q
QoL b | 0 &
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£ b : ; ' c L - - :
DS 04 o gapsize N— g TR— B — o2 e — — — -
: T hhss4b E 2 s, gapsize =
g 960,160 Ns=1 5 E 0160 hh—4b
X 02@.Ak 50mm T — — S..: ..... 3T6V ....... oy Somm o \/S—l3T€V
o' @& domm  B=4T S ek domm :
= z : : mm g g -
o 20mm L1 | L1 | | T R | L1 | [ © 4 20mm : B 4T :
00.? 0.75 95 007' 075III|IIII|IIII|IIIIII

"Track purity for p, > 10 GeVic “rack purity for p, > 10 GeVic

» Track purity degrades more rapidly with the gap size of the TTT and with increasing pileup
as expected

« Momentum resolution of better than 1% @10GeV/c is achievable using TTT with gap size
of >20mm

« Z0 resolution of sub-mm precision possible using TTT @radius = 85cm
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Summary

The concept of TTT based on Monolithic CMOS technology is a very
simple and fast track reconstruction algorithm.

Can be implemented in hardware and will allow online tracking at the very
first level!

Two studies ongoing: ATLAS Athena framework and standalone G4
simulations

Excellent fake rejection in track reconstruction using TTT possible.

TTT has momentum and z0 resolution good enough to suppress pileup to
a significant amount.

Early availability of zO of the tracks will allow pileup suppression, increase
the signal acceptance for certain interesting physics processes.

T.Kar, PI Heidelberg 36



Outlook

ATLAS: Athena Software Framework

— Generate pileup samples, quantify pileup rejection using TTT trackjets.
FCC-hh: G4 Standalone Simulation and Reconstruction

v Generate hh — 4b via VBF samples for Vs = 100TeV

v Castellated tracker design with material budget as defined in FCC-hh CDR

— Repeat the full chain for different geometry parameters and pileup

— Pileup rejection //?;EEE“\“‘\

7 \\\\
// /—\\ Q//q’\ \o‘&
/// \\\ %‘0‘1@ o

R\
[/ /77 L
I e )

| DX |
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Backup

T.Kar, PI Heidelberg
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Tr

Track Reconstruction Performance Comparisons
(TTT Vs ITK)

ack reconstruction efficiency:

c —

#reconstructed tracks(cuts + matched)

#pa,rticles making a hit in l3 (CU/tS)

Reconstruction efficiency of TTT
tracks better than ITK tracks

— large radius allows reconstruction of
many secondaries

« -/ Purity of tracks matched to all

particles

— discrepancy(~15%) b/w /- & Y-
these fraction of particles do not exist in
the truth particle container that they are
matched to

efficiency

I!-HIII\

: : -¥- ITK tracks
.............. . —.—TTT tracks

o8

10pt [GeVi/c]
Efficiency & purity Vs p,

N

Overall track reconstruction efficiency of ~90% and excellent track purities

using only three detector layers compared to nine detector layers!
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TTT efficiency Vs pt for various eta
(ITKVs TTT)
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Efficiency comparison of different particles in hh — 4b

—
.
—

‘

efficiency

s o e BEDGD = = +*=%%F . +

0.9

0.8

0.7

— electrons
— pions

@ TTT tracks — muons

¥ InDet tracks

0.6

0.5

0.4

0.3

0.2

L P ||||||| | 1]

O 10* 10°
P, [MeV/c]

T.Kar, PI Heidelberg 41




Track Parameter Resolution Comparisons
(ITK Vs TTT)

(1< L5 o o e oy e e L e e e e e

[
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) RS U R 0 0 5 A
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FCC-hh reference detector
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FCC-hh: Expected Radiation Fluence
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Figure 7.4: a) Charged particle rate for £=30x 10 em %571, b) 1 MeV neutron equivalent fluence for

30ab L.

T.Kar, PI Heidelberg 46



A(p)/gen_p,

Relative momentum resolution

Single muons

0.22 50.22:—
02::._ _._+ %ﬁ 0.23—
0.185— ++_.+.+++++ bZ 0.183— O-pt pt
016 - o16E- E > e.B.L
o= T - e mm— P 0.14
0-12:: - :2GeV/c 0.123—
o_f_ Bl S T S T s ceve 0.13—
0_08;: — - - — _. oosEm-—E—E—a——a——— 85 a
0.06 — 10 Govic | 0-08 El—— 0 —0—0—— 0 — 00— — i ——— o ———
i T o el R e s e e e s s e e
Bl B & & =5 —— 5 |[li70cevic 02—
Eo | | | L | mecevq F?:;—;hﬁﬁ—;oﬂ;—?_.__w—_l—-rfﬂﬁ
-1 -0.5 0 0.5 1 : :
T]gen T‘Igen
Athena Simulation : Standalone Simulation :
R =857mm, spacing =20mm, B = 2T R =857mm, spacing =20mm, B = 4T

2 times stronger magnetic field => gain in momentum resolution by a factor of ~2
resolution < 1% for pt <10GeV/c and < 10% for pt <100GeV/c

FCC tracker goal : resolution ~ 10 % at pt = 1TeV/c — possible with tracker extending upto 1.6m
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Oyca mm
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d, / dca resolution
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Athena Simulation :
R =857mm, spacing =20mm, B = 2T

Oyca mm
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=0 Gevie
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J
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Standalone Simulation :
R =857mm, spacing =30mm, B = 4T

~2 times gain in dca resolution with increase in layer spacing by 10mm

Improved fake rejection
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Z, resolution

Single muons
£ 4r E 4r
& - e -
S 35 S 35
= - bZ -
© 3;=._ - 3;—
2.5;— . —— P, 2.52—
2f_ :2GeV/c 2:_
E 5 GeV/c :. ._
1.5_— i - 10 GeV/c 1'5__
= — ——a—a- ——Woceve| [ —l— —-
1:— 40 GeV/c 1:— —— = =
- 50 GeV/c —— = —.——.—H - -
0.5; 70 Gevic | 0-2 ::_____—.—_._ - m wm w W —!—_.—______
0— | | _|1 | | | |_0|5 | | | | g) | | | | 0|5 | | | | ‘ll | | |Q 0 1 1 -1 1 1 1 I-ol'5 1 1 1 1 0 1 1 1 1 0|5 1 1 1 1 1 1 1
ngen nge”
Athena Simulation : Standalone Simulation :
R =857mm, spacing =20mm, B = 2T R =600mm, spacing =30mm, B = 4T

« Triplet tracker can resolve vertices separated ~1mm along the beamline for both HL-LHC and FCC @P; > 5GeV/c
« Good Z, resolution is the key to pileup suppression

« Zjresolution increases as one goes closer to the beamline — rate increases at the same time
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TTT Study (standalone)

X/X,= 2% per layer - Effect of pixel size, with no material in front of

layer spacing between the detector triplet.
the triplets — 2cm | |
Inverse Momentum Resolution as a fuction of p
Muons fired from (0,0,z)
E 0.007 Pixel Dimensions
5 — 40 um X 40 um
& oo — 180 um X 80 um
gf 0.005
©

0.004

0.003

0.002

0.001

\\H‘\\H‘HH‘HH‘HH’HH‘HH‘H

0 | | | | ‘ | | | | | ‘ | | | | |
-1 2
Momentum p [GeV/CP

Significant improvement in momentum resolution in the high momenta regime
by using pixels of 40 x 40 pum?
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TTT Study (standalone)

X/X,= 2% per layer

layer spacing between
the triplets — 2cm
Muons fired from (0,0,z)

Transverse view of detector

Inverse Momentum Resolution for triplet trigger

Triplet Trigger Position
=< Outer triplet ~ 100cm
—— Middle Triplet ~ 53cm
[——] Inner Triplet ~ 7cm

1
op 1
Dt L

T

LY
T 7 i
2 L
o Fiu

L ek

= 3
- E
- ¥F

10
Momentum p [GeV/c]
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Why pixels and not strips?

Three closely stacked detector layers at large radii — Triplet

Uniform magnetic field B along the
axis of the detector layers (Z axis) s

Particle propagates in a helical
trajectory in B

Straight line (S — Z plane)

arc length v

Strips

True track

!

Reconstructed track

|| provides 2d space

'| point
« Z vertex reconstruction
not very precise

T.Kar, PI Heidelberg
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High Voltage Monolithic Active Pixel Sensors

* Moderate cost of production (~€2/ ch)

* Combines sensor and readout electronics into a single unit.
* No bump bonding m=) Easy fabrication

* Charge collection by drift (Standard HV-CMOS process)

Ivan Peri¢, NIMA 582 (2007) 876
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efficiency

Radiation Hard ATLASPix
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Rate as a function of radius (Fast Simulation)

hits/event/cm?

Maximum Hit Rates for Minimum Bias (PU=200)
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