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My Experience so far

2005 Graduated in Univesita di Pisa: tau decays in strange final states

2006-2009: PhD in Univesita di Pisa: BaBar experiment, SVT operations
and LFV in tau sector

2009-201 I: Assegno di ricerca at Univesita di Pisa: Development of new
silicon detectors for super flavor factories, studies for g-2 measurement
in tau decays, impact of polarized beams in LFV searches in tau decays

2012-ongoing: PostDoc Universitat Bern:

® Atlas experiment: IBL construction and readout, SUSY searches in
EWK production, R&D for ITK (LR HV-CMQOY)

PET-TT (ToF PET project)

Space applications of HEP detectors (collaboration with JUICE
mission)
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Silicon Vertexes:
Historic Perspective

- =

“70s : first Silicon Vertex
detectors

First use: coherent production in
fixed target experiment

‘80s: micro strips reached few pm |
resolution

now: Pixel detectors

Breakthroughs in HEP: top
discovery, direct CPV in B
observation, physics at high

Bologna
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Vertexing

= —— _ _ —

'®  Aim of a vertex detector: resolve both
Jetaxis | primary and decay vertices and those from
secondary particles

Require: 3D hit reconstruction, high
granularity, proximity to the Interaction Point

Strongly dependent on resolution of
innermost layer and detector lever arm

Silicon detectors: small size, high channel density, good electric properties at room
temperature, high rate capabilities.

Different physics case need different approaches in detector development
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‘ Partlcle PT in a B field is measured through

u tracking.
ﬂ

Pt is function of the sagitta:

AN O.fr'
N+4 8

¢

Opr _ _8pPr
pr  0.3BL2

.O‘S

e.g. Multiple Scattering, constant for given Pr:

= 0.045
B
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- Tracking resolution:

Resolution is worsened by other contributions:

Tracking

| | *is inversely proportional to Pt

e*increases linearly with the B field intensity

*increases quadratically with the dimension of |

‘tracking volume

*increase with the square root of tracking

' points

*decrease with square root of budget material |




Vertexing for Flavor
Phy5|cs BaBar

BaBar de5|gned to measure B meson mixing

Asymmetric (B or )" 'y 1‘
energies / ‘ Al “
' . ' g Il

| BaBar operated at asymmetric machine: Y (4S)
produced at rest in CM, decay time
proportional to the decay length of the B in
lab frame

more B tags

more B tags : L= Az/cfy

Resolution <80pm, and the 0(Az)<I25um to
| resolve B Vertices.

| Other goal: understanding up-sector CPV: | E) *5D'n
| D’ > K

' D mesons not produced coherently at Y(4S)
energy, D tagging made by measuring P and
charge of soft pion emitted by the D",

Soft pion: low Pt tracked only by the Silicon

‘tracker, standalone tracking for Pt<100 MeV
arto Cervelli




BaBar SVT

— —

| . .
- Asymmetric design, but uniform
| performance for all polar angles.

Low P particles: budget material kept at ol

minimum. ‘ .' - Front end
1 electronics
WY

High radiation environment: high ' | Beam Fipe
| luminosity (103*cm2s"!) requires | *
operation to be stable for >2MRad

= —

- ©300 pm Silicon wafer thickness
5 Layers of double sided lecture

silicon, with stereo strips.

* | 556 readout chips, 140K channels
*50 pm pitch for p,n strips in inner
layers, and p-side on outer layers,

|OOUm pitch on n-side outer layers

i oSix different module geometries
*Bias Voltage applied 10-40V
/ e Maximum trigger rate |10KHz
S ' | p+1 Al

e Maximum hit rate/channel |50KHz

n+ strip side * Budget material 5% Xo
pologna
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Polysilicon
bias resistor

Guard ring

Guard ring

Bias line Polysilicon

) bias resustor
P-side
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p* Implant
l Al

_L

% SOum

BaBar SVT

|

To av0|d shortenlng of the n* strlps on the n- 5|de ‘

h a p*implant is added (p-stop)

_— = = =
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SVT Performances

Layer 1

Efficiency
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| TDR target for perpendlcular tracks |
| Layer 1-3 10-15pm :_
Layer 4-5 30-40pm ‘ |
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The BABAR Detector: Upgrades
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Physics Results

Soft pion reconstruction from
. Dt o gt DO

=

iency

. SW anly +: UCH | E* B°~bar Monte Carlo
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First evidence of D° mixing
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Neutral Mesons -

' BaBar and Belle managed to measure the fIavor
‘Jﬂ property of the SM at unprecedented precision.

This effort was made possible by the use of a
precise and efficient Silicon vertex tracker.

exciuded area has CL > 683 95% 1

Resolution in z allowed for precise B meson

mixing measurements
| .

[\ ]
—
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Events/ (0.4 ps)

=)
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Raw asymmetry
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T physics

S|I|con vertex detector allowed for preC|se reconstruction of |
“ tau decay products |

A large array of decay state were tested to unprecedented
level, still best results w.r.t. LHC experiments

HFAG-Tau

Summer 2014

90% C.L. upper limits for LFV t decays
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Super Flavor Factories

‘1 At the end of their lifetime BaBar and Belle were limited
| by statistics.

SuperFlavor factories: luminosities of up to 103%¢cm2s-!
SuperB: nano beams and polarized e.

| Tracking tau decay and D" vertices for LFV studies, D CPV |
Rates too high for Double Sided Strip Detectors.

| Impact parameter resolution improvement needed for D*
tau physics

Moving from DSSD to Pixel

Bologna
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From Strips to Pixels

Double sided silicon detectors limitation: ghost

X

| tracks.
M real lracks
Q ghosts' Tracking of two tracks hitting at the same time is
ambiguous

L

i‘ Becomes main problem in high track

| density environment (i.e. LHC). ‘ ]
|

Pixel do not have ambiguities: multiple | N | e B ool tracks
tracks passing through sensor have l e eeian e

‘unambiguous hits U (| |

|

—

Bologna
30t Jan 2017
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Monolithic Active Pixels

—— _ = —

'MAPs integrate sensor and electronics in the | Radiation
'same substrate. |
| Metal layers

Dielectric
for
insulation

| Charge is collected via thermal diffusion on the n- Polysilicon //  and
S passivation

well. No depletion B - ,A
P - - ; &l

P-Well

Active layer is very thin ~1Opm. Substrate
Potential barriers

thinning possible down to 50pum - (LAQLL " FP  100% effictency:
| U —ln;'—‘-‘ : N '& NPT .:"_._,.',' when NMOS

“Nopt

t Charged particles

design only

| Full signal processing chain implemented at pixel TED T R wceamia
! ’ 458 (2001) 677-659)

level

digital
section

- —— — e — ‘*J L‘\', : .
y— ‘) epitoxial
- analog } ¢ ' S
Bolosgna section @ ' ,
8 A Alberto Cervelli
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MAPS performances

A 4K (32x128) matrix of 50x50pm?2 tested on
 beam with both irradiated (10MRad) and non

" 4 i

| irradiated chips, with different thinnings (100pm
' and 300um).

Runs 3158-3163

Efficiency of ~92% with 400e" threshold. Uniform
over the pixel matrix.

| Resolution measured from track fit residual after
woomem e f multiple scattering correction
S agrees with 50/¢ 12=14.4pm.
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Physics at LHC

| Need?for Veri:ex detector at LHC: B N N &P.IE-i!T Aﬁ ’§

565, Ev Number. 4487360

| *High radiation: large amount of damage | :_:;__:;;1_ S _ " e 2010-0424 001033 61

' to Si from non ionizing radiation M\ e —— EV@"EHW;‘T“G‘\‘/ ‘Zi;jl‘i';’::;““-‘-"
*High interaction rate: Pile-Up (i.e. more

than one interaction during a single
bunch crossing)

Needs:
| eRadiation Hard, stable in operation
through the aging process

*High granularity

*Fast to cope with interaction rate | damage

i‘ Solution: Pixels
| Small capacitance, large signal: Rad

Small size: high granularity and spatial
‘resolution.

m |Sé10rt drifts: Faster than strips

30t Jan 2017




ATLAS Pixel detector

| '3 Layers + 6 Disk endcap

“ *ATLAS Pixel detector has 1744 Hybrid
| modules with 80M readout channels
*Pixel size 50x400pum?

*300pm thickness

TP i e *0.1Xo material budget

Barrel Layer O (b-layer) | *High resolution: 8um r@, 75 pm in z
*Read out speed of 40Mb/s-160Mb/s
'depending on Layer.

M
Performance in Runl:

*98% average efficiency

*3500 e threshold with ~160e" noise

(i.e. 20 S/N ratio)

Alberto Cervelli




ATLAS IBL

Motivation: better performances in Run2
h

' Solution: new Pixel layer =¥ Insertable B-
' Layer (IBL)

resolution of the first hit

y 4
y 4

Highly segmented: 50x250pm? ~

| Adds another tracking point: .
a(p)/p & I/V/N

Closer to the interaction region:
secondary vertex resolution improves,
better b-jet tagglng performances

Bologna
30t Jan 2017

Vertex reconstruction depends mamly op

Run 204720, Event 109026
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ATLAS IBL

JT—W‘ .

Two different technologies:

Ji

Planar: usual Pixel configuration, slim
edges to reduce the non sensitive area

3D: Horizontal depletion, small depletion ‘

sensitive ]l

space (Rad-Hard), BUT columns are not |

| IBL composed of 14 staves, each W|th 32 |

ﬂ modules, read by 16 front end chips.

It has 24 double planar sensors (central
sensors,and 8 3D (at the edges)

The IBL readout speed: 160Mb/s.

' Material Budget 1.5% Xo




IBL Construction

B o . _

'Hybrid detector: Sensors are bump bonded to the FE |
| chip.

| Bonding is a critical and expensive process.

After FE bonding to sensors, sensors tested for their
Electrical properties.

Junction tested through |-V measurements

Very high voltages to allow for operations with high
| radiation damage

Current [A]

x10°
LA A AL B B AL N BB
,ATLAS IBL Preliminary j
L L]
’5__ == Planar CiS E ]
: 3D CNM ; ]
o[ -—3DFBK -
45— : _
: : : Particle
- ' . Direction
.m—l LA L) l LA A A l AL l LA AL l AL l LA A A 1'1 L. l-‘
90 S0 e 200 80 00 50 0 22 Iberto Cervelli

Bias [V]




IBL Modules
performance

——

ATLAS

e sy ] Before glueing sensors to support and

- j} connect readout modules were tested:

| the digital components were tested injecting
pulses through the front-end.

' The analog component by injecting pulses in
the pre-amplifier stage of the sensor: ENC
characterized for each sensor.

Noso Datiduton FBX

ATLAS IBL Preliminary

Nose Dsrbuson Planar

Noso Datbuton ON w

Scan with radiation sources and cross talk
measurement to check damaged bump bonds |

Bologna
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IBL

IBL successfully mstalled in May 20I4
H started taking data in LHC Run2.

Stable performance during Run2.

b-jet tagging and tracking capabilities of the

inner tracker improved
L

" ATLAS Preliminary — ,_.;:.___20“3{)
<u>=40(IBL)
<pu>=20(Runt)

wwe <ue>=40(Runt)

1

2L EXPERIMENT

Jili)

ATLAS Prellmlnary — —20(|BL)
<u>=40(IBL)

e c‘u:'=20(Run1)

w+ <u>=40(Run1)

1111
|

11 lll [l

d0 Resolution (mm)
20 Resolution (mm)

Ll Ll llllll

il lll 11]1 lll NIRRT
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Track logPt (GeV/ic2) Track logPt (GeVic2)
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~— Barrel Layer 0
s Barrel Layer 1
- Barrel Layer 2

Pixel Readout Upgrade

i‘ End of Runl:innermost Pixel layers
. suffered from high occupancy.

Problem expected to worsen in
Run2.

Synchronization Errors / Event

Faster readout is needed.

208631
208642

208662 -
208705 -
208717
209381 -

| Solution: use the IBL readout system |
~ designed for 160 Mb/s operation

= = = S e — e

25ns; 13 TeV

Col pairs

| LS1 focus on signal chain from detector to USA15 | .
==9== l L2 increase speed from 40Mb/s to 80Mb/s on |

EOC buffer
and logic

. FEPMCC s . single optical fibre, L1 from 80Mb/s to 160Mb/s

80 or 160

Mb/s on double optical fibre.
MCC/ROD

T

' liGiia ] links
[T

Wil
EHiE Optical components used in IBL not usable in
= | S 00 b Pixel operation due to different data encoding.

- ] . : ; hannels
$—* |  |IBL readout cards reused

30*" Jan 2017
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Pixel readout upgrade

Plug ins: receive optical transform
in electrical signal.

Commercial plugins not working
for Pixel operations: encoding

problem
1

Optoboard: Electrical signal IBL plugins could not be used

encoded and sent through optical
links

—

ReadOut Card (ROD) And Back
Of Crate Card: Control Data
acquisition/trigger

Output is sent to ATLAS offline

' Lsystem
| .

305cjlcnﬁ'” ) | Akt Alberto Cervelli




New Optlcal Pluglns

—— B —— _ E— =

New optlcal components needed for
upgrade

Provide a switching gain: can operate
after rad damage on detector side
transmitters.

Tested to be stable and able to adjust | , | |l 7agem
single channel threshold. ‘ > | [t

Installed in Dec2015, now being
commissioned

Data Integrity efficiency (2000 Bytes) VS ISET VS Threshold 80MHz ASIC i ici Data Integrity efficiency (2000 Bytes) VS ISET VS Threshold 80MHz ASIC
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ATLAS physics results

i ATLAS ob]ect def'nltlon depends for
,}1 almost all objects on Tracking:

lepton/photon isolation

\ Run 152166
JFV for jet objects v FLLL AL cventsier

b-tagged jet in 7 TeV collisions

B-tagging
- Tau reconstruction

Missing transverse Energy
reconstruction

— e

'

A

jet .

p_=19 GeV (measured at electromagnetic scale)

Bologna
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Events/2.5 GeV

Atlas results

ATLAS Preliminary 2. %
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Future of Vertex
Trackers

e = - . —_————

-
J

r

| d=75 pm, &=10

| d=120 pm, =10

| d=285 um, =10
(@)= 10 n¢q¢cm2_

—
o

Future Pixel detector for HL-LHC need many improvements:

— Colldfted charge [ke]

Increased radiation hardness ——m

Smaller sizes

Cheaper interconnection technologies™ = | ‘ Thin p|’ém'étr'l

| : 600 800 1000
_ . ————— ———— Bias voltace [V1

Pixel readout chip (FE-chip)

“r Pixel electronics based on CSA

Couplmg
npacltance Bump-bond pad

Transmmmg Summing line
plate

Pixel CMOS sensor 33¢ 125 Um HV-CMOS

Bologna
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Towards LHC phase 2

2015 2016 2017 2018 2019 2020 2021
P _ﬂ_-— " “ﬁ_ . _T_—'__— _w—_: " , --ﬂ ey’ gy :-
1_1.'_T_‘- l_ lL.“ Jx_]t.- lL"' l\) _-K lL«w \.‘~—]__.J 1u lk.. r Ul l:_- EJ-F. Ll l\“ lu E“

LHC
Injectors

e Run 4

Injectors

CMOS!e.g. 1%

stage amplifier
i Pixel i+1

n-well in p-substrate diode

HV-Cmos allow for monolithic - —
design with charge drift. | |

Different approaches possible:

N n-well biasing

HR: large depletion region higher
signal but Larger noise

depletion zone around e.g. typ. resist~10Q.cm

LR: small depletion region, small | E:\gl,!,ff arge collected

signal but lower noise

AIDErto Lervellil
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LR HV-CMOS

-

HV-CMOS unitcell
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Efficiency [%]

|
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]I T

-_* FE-I4 telescope - SPS data 2015 (x*, 180 GeV)
* HV-CMOS AMS180-v4 (non-irradiated) Bias=80(V|

T T

1

llllll

|

A

lll Ll ll

Lisasl

FE-14 ASIC

1 l 1
1500
Threshold [e]

=
=
I

|

]

2015 test beam.

o
o

LI l LI L I

No need for bump bonding, AC coupling through
glue

Efficiency map obtained from track reconstructed
with Atlas-pixel sensor telescope

LS ' LS LS l - L L4 4 LS 100
o FE.|4 Wlwacope - SPS data 2015 (=* 180 GaV) !

=

* HV.CMOS AMS180- w4 (monvirrediated)
Back = 85 V], Thresbodd = 800 |of

99.5

t=99.7%

=

Efficiency [%5]

llllllll

1

4

=

—

New test beam in 2016 with irradiated samples
provided good results in radiation hardness
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Application: PEI-ToF

B — s ———

| TOF PET prowde a great spatial resolutlon with- ‘
“ small bore holes.

B

Now a 600ps resolution TOF has been achieved, | A PET-TOF offers an intrinsic 3D imaging of |
corresponding to 9cm resolution. | | the body. |

" Goal for a <l 00ps (30ps) resolution which would | The main requirements for the detector are:

match PET resolutlons
— , . — -High detector Granularity, Si detector pixel

|x1.2x%0.2mm Vs LYSO 4x4x20mm

Conventional PET

*High photon conversion detection to reduce

statistical backgrounds
|

*Small readout time to reduce fake
'coincidences and increase the time resolution
of the single hits

Plareie s R . e
- b > r - N N - -
- . . N _ _ ___
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A .- .-. . 4
(
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Conclusion

= — — e — = B ————— ——

- #Silicon vertex trackers were and are of crucial importance for modern detectors at

'colliders but...

‘\

\

| oTo build the optimal detector for our purposes we need to understand the underlying
physics, both in terms of discovery goals and machine performances

eDifferent conditions need different detectors, sometimes we can chose, some times the
boundary conditions force the choice to a specific of detector

eSometimes it is not possible to completely redesign or substitute a detector, but it is
possible to act on readout electronics and off detector components to make an older
design cope with newerer, and unforeseen problematics

*The next phases of LHC upgrades will have to deal with both a change of physics goals and
new machine conditions (higher pile up, more radiation) and it is one of the most interesting |
time for developing new silicon detector technologies! |

|

Bologna
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Backup
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Figure 1: FE-I4 layout and scheme of the signal processing. real: error function (fit)
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From LHC to HL-LHC upgrade

25000 T e FZ Silicon

Strip and Pixel Sensors

e m-inn (FZ), 285nm, 600V, 23 GeV p
A pein=n (FZ), 300nm, S00V, 23GeV p
a p-in=n (FZ), 300nmy, SO0V, neutrons

References:

12 W7, 2850ms C10°, S0 i [Roe t . 2005)

- . e in-n FZ (600V)
p-in=n=FZ (500V) ' N r}- pixel sensors
strip sensors \ :

— e ND

Charge
trapping All these mean:

L L o severe signal-to-noise-ratio

5 1014 5 10]537 5 10!6 degradation
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Fig.4. Therise of the silicon detector: area of silicon detectors in experiments
as a function of time. The full squares denote space-based instruments. The
exponential growth of the area with time is an expression of Moore’s law.
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Extreme Monstrous
: Y Radiation Levels ? §, Yes
simplification

No i

v (B
one projection?
Single Sided

No r
Low repetition Detectors
rate 7

NoVW

Yes
Track density

is too high CCDs
=

to measure
in projections

Yes {m’

Double Sided
Detectors

Amount of
material is
critical.

2 single sided
detectors
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o(point)? = o(mult.scatt.)2 + o(detector)?

/ 1

0.014R\/X/X J/pical SVT detector
o(mult. scatt.) = 0

575 epolution at BaBar is
sin™* ¥ Bep

=12 - 14 um at 90°
For p=1 GeV/c, for R=3 cm,
X(beampipe+1st layer) = 1.4% X,
O(mult. scatt.) = 50 um at 90°

Impact parameter resolution is dominated
by resolution on first hit

14
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> 2, 2.2
52 507 Tr0;5

(r2 —ry)?

do

Suggests small ry, large r,
small 4, o,

But precision is degraded by
multiple scattering...
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Pixel readout upgrade

New prototype

255
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o » 7’ | ) o
: | ! | - BOC provide connection
Read d ROD | . | "
eadout driver (ROD) controls | ' Data from/to detector are | between the ROD and the

data acquisition and is used asa | | transmitted through optical '”

master for the Back of crate [ connections.
Card(BOC)

detector.

Is has 2 FPGAs one to connect to |
half a stave of modules, and is
controlled through a
microprocessor.

IBL has a 8b/10b encoding which
connected to BOC throughVME | ~ could use commercial optical
bus and to ATLAS readout with  § transceiver

ethernet | |
Pixel uses a protocol which is not |
Controls hystogramming of data, | supported by commercial

and calibration control | transceivers

Data is received and decoded
from detector, and clock and
triggers are issued to detector

-
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