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Outline

» LHCb experiment

- Physics results

- LHCb upgrade
> SELDOMERG project eI’C

- Physics motivations

- Project description

» Timespot (in backup)
- R&D for fast timing pixel detector [Call CSN5]
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| HCb experiment

| | _HCb single arm magnetic spectrometer
LHCb. s a dedicated Dipole magnetic field [B-dI=3.73 T'm,
experiment for the study herpendicular to beam axis

of flavour physics at LHC

Search for new physics muon system

. . tracking
phenomena via precision vertexing
measurements of theory
clean observables
PID
PID
calorimeter
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| HCb physics program

CKM and CP sin2B, v, ¢s, [Vun/Veo|, CPV in
violation 30 BsO, DY, b-baryons,...
R B~ uty-, b—=2spty-, b—sete,

2= pUtU,...

Tetraquarks, Pentaquarks, =cctt,
QC*; Eb_*, L

SPECtroscopy

Electroweak /9, W+, top, H—cC, Dark
QCD, Exotica photons, Long-lived particles,..

Heavy ions, p-Gas, nuclear
effects,...
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Integrated Recorded Luminosity (1/fb)

| HCb data sample and plans

LHCb Current — Upgrade | ——» Upgrade I—

LHCDb Integrated Recorded Luminosity in pp, 2010-2018 & 22 -
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» Collecting >8 fb-1in Run2 (2018). Major detector upgrade
during LS2 (Upgrade |- 2020). Aim at 50 fb-1 before 2030

8?[ | l'])l | ITI | ITI | ITI |

» First detector improvements in PID, tracking, and ECAL
during LS3 (Upgrade 1b - 2025)

» Major detector upgrade during LS4 (Upgrade |l - 2030). Aim
at >300 fbo-1 after 2030 - ....
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Recent results



Puzzling measurement of Qg baryon lifetime

" LHCb B'D* 1 vX

Signal yield / 0.02 ps

| I | 1 Il | I | 1 ] | I |

0o 1 2 . 3 4
D" decay time [ps]

Measurement relative to D+ lifetime
To0 = 208+24+10+2 fs

Inconsistent with previous fixed-
target experiments (4 times higher)

INFN Nicola Neri

Signal yield / 0.04 ps

arXiv:1807.02024
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Olbservation of exceptionally charming particle

Phys. Rev. Lett. 119, 112001 (2017)

First observation of doubly
charmed particle Z1T

[ M(Zc+) = 3621.40+0.72+0.27+0.14 MeV/c2 ]

NQ.) __' | ' ! ! ! | ' ! ! ! | =
cc = 180F L HCb 13 Tev ]
2 160 F E
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ER:
O 60F
40k }
20F E
O C ' 1 N . L L b L L | 1 L L
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[ T(Ecc++) = 0.256+0.02444,,+0.014 ps ] arXiv:1806.02744

N T ]
60 LHCb E
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8 LHCb status report %



http://arxiv.org/abs/arXiv:1806.02744

BO—=>K0/+¢- and lepton universality

. Lepton Flavour Universality b b —————P— 5
- t
(LFU) in the SM: W ) W
— same EW couplings for £ =e, W, T
[
J LHCb: z
— electron reconstruction challenging,
huge tail due to energy loss _e-LHCb -mBaBar —aBelle
— — 2 UL L L L | L
o . B+_)K+M+M E Bt — Ktete - Q:M _ _
23000 LHCb { 3 + LHCb LHC_II)
= 1 3 30 J( : 1.5 il 3fb™
G200 ® 4% i
c 1 3 20k |
51005_ . % ”: 1 T SM
S o i % 9 : o
5200 5400 5600 5000 5200 5400 5600 - .
m(K* 'utu") [MeV/c?) m(K*ete”) [MeV/c?] 05 ~ .
_ for low q2 region (1 <q2<6 GeV2/04): Phys.Rev.Lett. 113 (2014) 15160
0 P S W S N R SR A R A S S SN S N SR T S S T
BR(B"— K'u'u~ 0 5 10 15 20
BRB RuW)_ (745000, 0036 2 [Gevict
BR(B™"—= K'e"¢e") ' ~

2.60 from SM value of 1+ O(1073)

INFN  Nicola Neri 9 LHCb status report %




BO—=>K0/+¢- and lepton universality

3fb-!  JHEP 08 (2017) 055

Q§ ) S — e : ) o 4
ngrz& : R BR(B — K gl )
O l__ K*O J— - —

—— I : BR(BY — K*Vete™)
MOF ® LHCh ]
- BIP
04 v CDHMV
I B EOS ]
02 av.io 7]
- LHCh $ flaveies
O'O-I [N I N [N TN NN NN T N NN T TN N (NN TN T N T A Y TN TN M A TR N N
0 1 2 3 4 5 6

no o )0.66 T o005 (stat) £0.03 (syst) for 0.045 < ¢® < 1.1 GeV?/c?,
K270 0.69 F 021 (stat) £ 0.05 (syst) for 1.1 < ¢ < 6.0 GeV2/c?.

Tensions with the SM at 2.1-2.3 and 2.4-2.50 In
the two Qg2 regions, respectively
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Test of lepton flavour universality

L FU test with B=D0¢v s
tree level decay, sensitive to L ‘:V " : _ '; T
possible H+ contribution B{ _ 3 . 999’_ g_ . }D(*)
~ 05S———T——T T+
R(D) and R(D~) definition O F el mossonoaans) AP=10 -
BY — D™=ty ! Tttt E
R(D(*)) == BO D( ) €+ 04: —ISrIlSIAGdAverage,P(xz)=67% _
— * ) — 1/ AT — prediction __
0=p e ' 5 :
035__ —]
»  Experimental challenge 03E :

— tau reconstruction, 0.25
MIissing neutrinos

» 4.00 rom SM at (2
average)

, PRD92,054510(2015)
R(D*) ’ PRD85 ,094025(20 1 2) Prel. Winter 2016
| 1 1 1 | 1 1 1 1 | 1 1 1 1

0.2 0.3 0.4 0.5 0.6
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Recent analyses of Milano group

Xc1 and X resonance parameters in Yoo = J/ypuu”
Phys. Rev. Lett. 119 (2017) 221801 Gandini

Search for CPVin A} - pK"K*K~,pK n*z~and
=) — pK K™% arXiv:1805.03941 Submitted to JHEP Fu, Merli, Neri

Observation of new baryonic resonances
to be submitted to PRL  Gandini

Study of Bg,) — J/wpp decay in review Spadaro, Fu, Ner

First observation, search for pentaquark, glue ball, precision measurement of Bs mass.

Search for CPV in A} = pa~ztz™  inreview Merl, Fu, Ner

Update of analysis published on Nature Physics reporting first evidence of CPV in heavy baryon decays
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| HCb upgrade



UT detector upgrade

4 detection layers

1719 mm

I ~| UTbX

.. Udal
-4 UTaX
a |
u | o
: -CIF 66.8 mm §
375’% ; S |
99.5 mm 99.5 mm 51.5’5‘ mm- | _
x x “hel
97.5 mm 97.5 mm 97.5 mm ..
512 strips 1024 strips 1024 strips
Ryl | (p~ 95 um)
p-in-n n-in-p

3 silicon sensor geometries

stave design

\ «—— cooling tube (inlet) R/

“~~._99.5 mm wide

module design

<— hybrid + AS|Cs

L4
L4

electrical connector'/ <— silicon sensor

mounting fixtures

L4
L4
L4
L4
L4

module fixation

moa’ule _ carbon-fibre
A = sheet
silicon sensor +
hybrid with A5]Cs
. Kapton
_______ flex cable

"
"
-

<— cooling tube

thermally
conductive
foam

“
-
-
P
\d

Kapton
flex cable

structural foam

carbon-fibre
sheets
(both sides)

~1640 mm long
~ 8 mimthick

~ ~ o \ \ &

cooling tube - JE8,

(outlet) —>»

support structure
CO2 cooling tube
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Activities in Milano in 2019

» Production phase in 2018 and 2019, installation in 2020

»  Milano responsibilities in UT project:
» Flex cables designed. Production and test (late 2018 - early 2019)

»  Hybrid circuit for ASIC to be finalised. Production and test delayed due to SALT chip
(late 2018 - 2019)

» Integration of hybrid and SALT chip: glueing, bonding, burn-in (in 2019)
» Design and test of the CO2 system prototype (late 2018 - early 2019)
» COq distribution system design and production (2019)

» Milano coordination roles in UT project:

»  Sensor and hybrid WG co-convener: Mauro Citterio

» Mechanics and cooling WG co-convener: Simone Coell

»  Deputy project leader: Nicola Neri
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Flex cable production and test

» Flex cable production of 300
cables takes 5 months

» Tender being finalised, expected
to start production in July

e T =S ), Flox cable test at CERN (30

Igtall or tatf ex oe;; ieas:’]gOne PC . .
came = = cables per week). Starting in

<> Jocelyn* «—>» L Aug USt/Septem ber

uOhm meter

Passive

channel-ground DUT

shorting patch.

Interface Bypass

<0 »  Jocelyn board to be designea
Conductive elastomer or SEAMS8 Tester and prOduced

with all pin shorted 2 MegArray connectors
back-to-back Labview
with 250 mating cycles

Citterio, Conti, Sabatini

INFN  Nicola Neri 16 LHCb status report %




Hyorid design and construction

» 38 Hybrids per panel to
facilitate shipment, testing,
module construction

» Integration with ASIC,
gluing, bonding, burn in
test in Milano

PC CLIMATIC CHAMBER

SMS ALLARM <€—p>

POWER

suppry € 10X HYBRID PANELS

40MHz <“—>

Citterio, Conti, Andreani
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Hylbrid circuit and SALT chip

» Compared SALT test results between
hybrid and test board setup

SALT on Delta hybrid SALT on optimised test board
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Citterio, Conti, Spadaro, Carbone
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Hyorid test results

» Measurements on Delta hybrid and test board give
comparable results (no input load)

» Hybrid circuit works fine. Final version of SALT
needed for hybrid optimisation and production

SALT on Delta hybrid SALT on test board

s s
o i o
< 10— < 10—
- — 10 P D 1 "'.,’. — 10
= W v PP e e A b o =
Wb L TR S L T el Vo T s
0>—l 'I |“.rll l'l i ! n"nf ] '-.l’ —_ 0_ ll | b |
El qi‘. T "l.'.lll. l'-..Y’.-:ﬂ. 1|'|.| 'l,fﬂ| .lf’ | ,I ] :
10— 1 10— 1
N 1 N 1
20— 20—
30:_,. . L P T T 30:_.1 T T T B
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Keep all 128 ADCs on  Channel ID Keep all 128 ADCs on _ Channel ID

Citterio, Conti, Spadaro, Carbone
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Stave CO2 cooling test

» UT stave prototype tested using
TRACI system at -28° C v/

Simulation vs measurements v/

TC PROBE NUMBER
5 6

0 1 2 3 4 7 8 9 10 11 12
0.00 y L " " L " " L " L " " >

-5.00  EXPERIMENTAL MEASURE: POWER = 3W - CO, MASS FLOW RATE= 0.43 g/s - date: 15/06/2018
FEA RESULTS: POWER =3W - T CO, = -27.6°C - HTC = 5000 W/m?C - date: 27/06/2018

MEASURE
1638

»»»»»»
-17.35

23,738
-24,287
24,336
-25,385
-25,933
i T T9 T6 T2 T4 T3 T
21,58 Min
i e e P 9 10 11
=
T10 (285170 4
TC PROBE NAME
T3 [223nn 3

.| Coelli, Capsoni, Monti,
.. Trotta, Résati, Viscione
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UT CO2 distribution system

New solution designed in Milano
Prototype in construction

)
N

INF
L Cb (- Istituto Nazionate LHCb UT DETECTOR
‘ 'fi Fisica Nucleare CO2 COOLING DISTRIBUTION
scealtir | PROTOTYPE

20133 Milano, Italy

Project Document N. Institute Document N. Created 2018-05-10 Page: 1of 10

1970423 v.1 - Modified: - Rev. N.0

Description document

LHCb UT DETECTOR
CO: COOLING
DISTRIBUTION

PROTOTYPE

This document describes the CO; cooling distribution system proposed for the UT
detector. The design choices and the technological aspects for the manifolds and
connection pipes are described. The working drawings for the prototype production
are uploaded in the EDMS document.

Prepared by: Checked by: Approved by
. . Si Coelli-

CALIBRATED ORIFICES are used as inlet flow restrictor o rorta INEN M

Advantages:

* space saving in a crowded area pym——

* no need for 68 capillaries and additional joints

laser orifices on
VCR blind gaskets

Replacing VCR
gasket with

Coelli, Trotta, Gesmundo
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Equipment In Milano

Bonding machine from CERN Dry cabinet
Delvotec FEK6400

TRACI COz2 cooling system

i | |
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Requests

» Activity in Milano in 2019 is crucial for UT project

» Requests:
» 20% FTE Mauro Citterio (20 m.u. servizio elettronico)

» 30% FTE Simone Coelli (12 m.u. servizio officina e progettazione
meccanica)

» Need a laboratory space

efc INFN  Nicola Neri 23 LHCb status report



Conference contributions

1)ICHEP 2018, Seul, Korea, 4-11 Aug 2018. Parallel talk “CP violation in b-baryon decays at
LHCDb”, J. Fu

2) ICHEP 2018, Seul, Korea, 4-11 Aug 2018. Parallel talk “Search for exotic baryonic states at
LHCb”, P_Gandini

3)ICHEP 2018, Seul, Korea, 4-11 Aug 2018. Poster “CP violation in b-baryon decays at LHCb”,
P. Gandini

4)BEACH18, Peniche, Portugal 17 Jun 2018. Plenary talk “Multi-body charmless b-hadron
decays at LHCb”, J. Fu

5)LHCP18, Bologna, Italy, 4-9 June 2018. Parallel talk “Fast timing detector developments for a
LHCb Upgrade-II”, M. Petruzzo

6)LHCP18, Bologna, ltaly, 4-9 June 2018. “Upgrade and future experiment” session convener.
N. Neri

/)Beauty18, La Biodola, ltaly, 6-11 May 2018. Plenary talk “LHCb Phase-Il Upgrade”, N. Neri

8)Lepton Photon 2017, Guangzhou, China, 7 Aug 2017. Poster “Search for new Physics via
pbaryon EDM at LHC”, A. Merli - Winner of best poster award

9)Vertex17, Las Caldas, Spain 10-15 Sept 2017. Invited talk “Design and construction of the
LHCb Upstream Tracker”, M. Petruzzo

Nicola Neri 24 UT status update
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SELDOM

Search for the electric dipole moment of
the strange and charm baryons at LHC

Nicola Neri
INFN Istituto Nazionale di Fisica Nucleare, ltaly

Proposal n® 771642 SELDOM
iHere ERC CoG PE2

Established by the European Commission



General project information

» SELDOM: Search for the electric dipole moment of the
strange and charm baryons at LHC

»  Scientific program described in EPJC 77(3), 181 (2017)
»  Measurements based on the LHCb detector:

- i) spin precession of long-lived strange baryons in the
LHCb dipole magnet, ii) spin precession of charm
baryons in bent crystals

» Host Institution: INFN
» Project duration: 60 months (April 2018-April 2023)
» Project budget: 1.933.750 €
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Electric dipole moment (EDM)

» Definition 0 = / ro(r)d’r “1s

»  Quantum systems

» Hamiltonian T\ 4s ]T”f
&

HZ-&E—[,LB Iulls
S S
Time reversal, parity: duNa E—r > d/ﬁNa N

The EDM violates T and P and via CPT theorem, violates CP
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-DM a possible solution for baryogenesis

» EDM of fundamental particles from the structure of quarks and
gluons, and processes with photon and flavour-diagonal coupling

» A measurement of a heavy baryon EDM is directly sensitive tO:

qEDM ——6 qc’“ysq CICED'V'g iSq%MVstaqufv

ggp or

Charm EDM in Standard Model ~10-32ecm  Charm EDM with new physics ~5-10-17 e cm
EPJC 77 (2017), 102

D X

Standard Model Ne Dhys,'CS PR / \
/\ = v
/
»L L

C C / \ / \

CI 1 C C I C

W 9, X s XB X

- EDM observation = clear signature of new physics
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=DM proposal

~
Fill the experimental gap in charm and strange baryon
electric and magnetic dipole moment measurements

L (EPIC (2017) 77:181))
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=DM proposal

~
Fill the experimental gap in charm and strange baryon
electric and magnetic dipole moment measurements
L (EPIC (2017) 77:181))
S S
EDM 0 = duN§ and magnetic dipole moment MDM pt = g,uN§
Spin precession in external electromagnetic field (E* L B* in particle rest frame)
S ’
— = X ]3>'< X
dt S
B* = B*&
>
<
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=DM proposal

~
Fill the experimental gap in charm and strange baryon
electric and magnetic dipole moment measurements

L (EPIC (2017) 77:181))
S S
EDM 0 = duN§ and magnetic dipole moment MDM pt = g,uN§

Spin precession in external electromagnetic field (E* L B* in particle rest frame)
A

1S /| @ocMDM
— =l X ]3>l< X _\ Y
dt S ’\T
B* = B*%
ZP
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=DM proposal

~
Fill the experimental gap in charm and strange baryon
electric and magnetic dipole moment measurements
L (EPIC (2017) 77:181))
S S
EDM 0 = duN§ and magnetic dipole moment MDM pt = g,uN§
Spin precession in external electromagnetic field (E* L B* in particle rest frame)
A
Y| & x MDM
dS § § E* = E*§
— =uxB"+0 xE x B
dt S, <« EDM S
B* = B*#
>
<
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EDM proposal

~
Fill the experimental gap in charm and strange baryon
electric and magnetic dipole moment measurements
L (EPIC (2017) 77:181))
S S
EDM 0 = duN§ and magnetic dipole moment MDM pt = g,uN§
Spin precession in external electromagnetic field (E* L B* in particle rest frame)
A
Y & x MDM
asS § § E* = E'j
— =uxB"4+0xE x B
dt S, o« EDM S
B* = B*x
>
Z
| | | geB* T
» Necessary sizeable spin precession: & t~ 5
mc

» “Ad hoc” solutions for charm and strange baryons
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=DM proposal overview

Baryon Solution . EDM | MDM

ETeV baryons uniquely

Charm produced at LHC First measurement

N+ et 5 | EFII’S’[ Islelaroh for QCD & baryon
:Crystal channeling 'sensitivity 1,
ifetime 1017 e Cm;lnternal structur_e_
~10-18s  iEffective magnetic field in test <10 precision
:bent crystals B=103T '
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=DM proposal overview

Baryon Solution . EDM MDM
Ch+ar_m+ iFirst search EFirst measurement
Aet, Zc y e .for QCD & baryon

:sensitivity &,
lifetime 1017 e Cm;m’[ernal structure
~10-18 s E .test <10-3 precision
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=DM proposal overview

Baryon Solution . EDM | MDM
Ch+arm+ : EFII’S’[ search Flrst measurement
Aet, = i :for QCD & baryon

:sensitivity
lifetime 1017 e Cm:mternal structure
~10-13 g :test <10-3 precision

Strange iHigth boosted and

A Epo|ar|sed N (anti-/\) from PUSh EDM FlrSt test of CPT via
ifatime :weak charm baryon decays ' :sensitivity of :strange baryon,
E .factor 100 :anti-baryon MDM

~10-10 g :LHCb forward detector and i ~10-18 e cm:<10-3 precision
.dipole magnet B~1 T '
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=DM proposal overview

Baryon Solution . EDM | MDM
Ch+ar_m+ = iFirst search First measurement
Nt =c B ! o :for QCD & baryon

: e SENSItivity |
ifetime i SR . | () 17 o i eMal structiure
~10-13g i i ;test <10-3 precision
Strange ;
4 78 i+l = Push EDM  iFirst test of CPT via
ifatime isensmwty of istra}nge baryon,
1010 g W:factor 100 :anti-baryon MDM

' i ~10-18 e cm:<10-3 precision
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Channeling in bent crystals

2500 7 [ransversal potential

» Potential well between crystal planes

» Incident positive charge particle can
be trapped Iif parallel to crystal plane
(within few prad)

»  Well understood phenomenon y
(Lindhard 1965). a) <)

» Bent crystals can be used to:
- steer high-energy particle beams

- Induce spin precession. Net E field
INn presence of centripetal force
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Novel fixed-target experiment at LHC for charm baryons

»  EDM/MDM from spin precession of channeled baryons in bent crystals

z (m) X

y (cm) | not to scale

LHCb
v detector

s = EDM signature o
Bent crystal 4 N

- |
i LHCb - e - P Target =/ I B v '
1)Crystal kicker detector ~100 m T- | v v
Y E* 2) -
2)W target -
3)Bent crystal 4) Absorber

p extraction /\¢* polarised production channeling spin precession event reconstruction

e FINFN  Nicola Neri 39 SELDOM status report %




Novel experimental technigue for strange baryons

»  EDM/MDM from spin precession of A baryon in LHCb dipole magnet

p— O _
== A(pr) event T, 1,7y rRICH .
A % 3x4 layers / |
P 0N n.-— _ \.
2m + - /Sy = EDM signature*,
TT Y
| 2x2 layers K~ o
XF ILO 1 [ B L S0=Sz
ayers — 11 ;
JICCCEEEE sso | wegrete | |1 »p |
— \\\ l.a field o | T
dc | o _\ :-\,_\-$7t_
I N
2m —+ \\\ 71'jL
ST T Zaxis e
| | | | L Zoom 1n
om 10m

/\ polarised production spin precession event reconstruction
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Challenges and preliminary results

Baryon Solution Challenge Preliminary

---------------------------------------------------------------------------------------------------------------

> Fixed-target setup J Crystal kicker tested

Ch
am in LHC
Ae*, Ze* = - v Simulations
~ = :» Bent crystals with ! .

" targo bending angle /X reconsiretr
~10 s . (=10 mrad) |
Strange D |
A v Simulations

st &> Reconstruction of :v'Kinematic
lifetime : long-lived /A baryons: constraints from
~10-10s after magnet . entire decay chain

:v'/\ decay vertex
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Sensitivity on EDM

—10712 =— PoT = proton on target
§ = W target 5Smm thick
ok [—S1.Si10% PoT F=5x108 p/s for S1
210" | = S1,Ge
> = PP S2,Si 1017 PoT o EPJC (201 7) (7.828
"é A o S2, Ge
010" = —
w : . aasmmmn
E I L
|.IJ10-15 §_ E——

107 —_— T

10-17 ;_

e

10"

A 5 AYK Al > AT =t = Q = o}

» All first measurements with sensitivities capable to
test new physics models
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Funding and resources

» 1 PostDoc for each WP per 5

Requested EU contribution:

years 1.933.750 €
» R&D, construction, test and ® Personnel  ® Travel |
installation of fixed-target o e & e

setup in LHCDb

» Device construction:
goniometers, crystal kickers,
long-bent crystals

»  Sezioni: Milano, Ferrara

» Need a laboratory space

» 10% Coelli, 6 m.u. servizio meccanica
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Composizione gruppo di ricerca 2019

Personale FTE LHCDb (FTE)
Aiola 1,0

Citterio 0,2 0,2
Coelli 0,4 0,3
Frontini 0,45

Fu 1,0 1,0
Gandini 1,0 0,6
Lazzaroni 0,3 0,3
Liberali 0,3

Marangotto 1,0 0,7
Merli 1,0 1,0
Neri 1,0 0,2
Palombo 0

Petruzzo 1,0 0,7
Riboldi 0,2

Spadaro 1,0 0,7
Stabile 0,05

PostDoc 1,0

Inquadramento

AR INFN (UE)

Dirigente Tecnologo

Tecnologo

Dottorando

AR UniMi

Ricercatore

PA

PA

Dottorando

Dottorando

Ricercatore

PA in pensione

AR INFN

RU

Dottorando

RTDA

AR (CALL CSN5)




Backup

45 TIMESPOT



Organisation of activities

»  Work organised in 3 Work Packages (WP)

SELDOM chart | - MONTHS | -
6 12i18i24: 30 i 36 | 42 i 48 i 54 i 60

..........................................................................

Trigger for Algorithms Algorithms
WP1: EVENT strange for strange for charm

RECONSTRUCTION RELUS baryon baryons

_______________________________________________ ] ] | :
WP2: DATA Charm baryon Amplitude analysis of charm baryon MDM and EDM of charm
ANALYSYS polarisation *decays * baryons *
________________________________ Charm
Strange baryon CPT test via strange baryon/anti-baryon MDM EDM of
Strange polarisation * *strange *
_______________________________________________ baryon
WP3: FIXED- Design and simulations E::;_izz’zl & Zzztm ::S:al(l?tion 5
TARGET SETUP constructed i m
»  Control of project progress with milestones milestone

» Intermediate measurements beyond state of art * measurement
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WP activities

» WP1: event reconstruction

- development of trigger strategies and
reconstruction algorithms for long-lived A baryons
and short-lived Act baryons

» WP2: data analysis

- develop analysis technigues for the measurement
of physics observables

» WP3: fixed-target setup

- design, construction, test and installation in LHCb

_erc Z/INFN  Nicola Neri 47 SELDOM status report



Evolution of Rk error

S .
S Assumption:
S; constant ECAL
7o performance
Systematics from
imited modelling of
bremsstrahlung
Reduced material
betore the magnet
S8 R A N R would help
10 2
10 10 |
Observable (1.1 < ¢* < 6.0 GeV?/c?) Run 1 result 8fb~* 50fb~" 300fb~"
Ri Bt — Kete~ 0.745 4+ 0.090 4 0.036 [313]  0.04  0.015 0.006
Ry«  BY— K*ete~ 0.694+0.11+0.05[312]  0.06  0.020 0.008
Ry BY — gete - 0.13 0.05 0.02
Ry A)— pKete™ - 0.08 0.03 0.01
R BT — mtetTe™ — — 0.06 0.03
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TIMESPOT:
TIME SPace realtime
Operating Tracker

Progetto call CSNS

Consiglio di Sezione
Milano, 9 luglio 2018
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Rad-hard pixel detector for 4D real-time tracking

Hits no time information Stubs with time information

»  For high luminosity LHC experiments

»  Develop rad-hard pixel detector
prototype with precise space (<100 pm) >
and time information (<100 ps)

» Real-time 4D tracking based on
dedicated FPGA processors

hit stub, time

3D silicon sensor technology: rad-hard 106neq/cm?, o r —» ./'. (3—3’17 52’ t1, tz)
sub ns performance achievable

IEEE Trans. Nucl. Sci. 58 (2011) 404-417

p active - edge electrodes

~agemmman -y Develop in the project:
» Fast 3D silicon and diamond sensors
»  Front-end chip
»  DAQ board for real-time tracking

3 4 5 6 780910 20
pulse height (mV)

CNFN Nicola Neri 50 TIMESPOT


http://dx.doi.org/10.1109/TNS.2011.2105889

Milano contribution

» Responsabile nazionale A. Lai (Cagliari): 10
sezioni INFN, ~20 FTE, 6 work packages

»  Milano activities (3 year project):

>

Front-end chip (V. Liberali, WP3
coordinator): design, production and
test of chip prototype

Fast tracking device: (N. Neri, WP4
coordinator): simulation, test of the
performance on FPGA, design of
optimised board

System integration and test: prototype
characterisation in laboratory and on
beam

»  Additional resources: 1 PostDoc (2 years
AdR, 46 kEuro), travelling 36 kEuro

CNFN

Nicola Neri
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1.WP1: 3D silicon sensors (Dalla Betta, TN)
2.WP2: 3D diamond sensors (Sciortino, Fl)
3.WP3: Front-end chip (Liberali, MI)

4 \WP4.: Fast tracking device (Neri, Ml)

5.WP4: High speed DAQ (Gabrielli, BO)

6.WP6: System integration and test (Cardini,CA)

Composizione gruppo di ricerca Milano

Personale TIMESPOT(FTE) Inquadramento
M. Citterio 0,0 Dirigente Tecnologo
L. Frontini 0,45 Dottorando UniMi
P. Gandini 0,2 Ricercatore INFN
V. Liberali 0,3 PA UniMi
N. Neri 0,3 Ricercatore INFN, Resp. Loc.
M. Petruzzo 0,3 Dottorando UniMi
S. Riboldi 0,2 Ricercatore UniMi
A. Stabile 0,05 RTDA UniMi
PostDoc 1,0 AR Call
Tot. (FTE) 2,8

TIMESPOT



Activities In Milano

From __,
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To TDAQ

WP2: design of ASIC in 28nm TSMC CMOS
technology

Preparing first mini@asic submission in Oct 2018

Cagliari Milano | Torino
CSA X
Discriminator X
TDC X
DAC X X
BandGap x(+BG)
LVDS x(+BG)
OpAmp (Voltage Buffer) X X
Standard cells X
[Digital 1/F]
TIMESPOT




Activities In Milano

» WP4: fast tracking device

» Tracking algorithm optimisation ¢/
» Architecture design ¢/

» Implementation in hardware v

» Test (in progress)

(L*2) (M*L) (M)
FPGA
Distribution of r,,, parameter for reconstructible +‘ESW!““)
3 . . ngines,
tracks, re-binned according to the quantiles
dN/ d{ rplus) FPGA 1 M
_______ -) FPGA (Stub ] »
- (Read-out) constr.) ==
|'\| r"l ‘-'\I |
0.015 FPGA -
(Stub L /'
- FPGA tr.) --y
(Read-out) o
-~ FPGA
0010 T (Switch
+Engines)
N*(x/y) -> 1 Th/s
I ) ]
R Assumptions: * NVEIE
15. N*Z*(X/V)ZM '>2Tb/S:M N (O./B/X/Y).M K L
N=1000 tracks -> 12*K:M Th/s
F=40 MHz
10 bit/word
M: detectors regions WB/x/ b/
I ) ; ; ; - K: overlap factor N* x/y) : M*K->2*KTh/s: M
.000 H i rplus|[ mm L=6 (detector couples) (a/B/xAy)
1 0 2:-'1 0 40 50 &0 70 E,D

=
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RERRRR
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i 'Stubdatai
YYyvVyyvyy

Ty veve
- Fanin

\/
Tracks

|

N*(x/y)
->1Th/s

CNFN
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Richieste

»  Mini asic 28nm TSMC (2nd prod), 22 kEuro
» |C verification at IMEC, 5 kEuro

» Packaging for standalone IC test, 5 kEuro

» AR, 23 kEuro

» FMC card + optical fibers, 3 kEuro

» Travel expenses, 14 kEuro
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