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EP Jlaboparopusi pU3UMKH CBEPXBBLICOKHUX
yHepruu CIIOI'Y (pyk.I.A.®eoduion) e

Ha60paTopH51 B HaCTomuee BpeMs IPUHUMAET y4acTHE B MC)K,Z[yHapOI[HBIX
Hay4YHBIX KOJJa0opalusaX Ha ycTaHOBKax Kiacca MeracaiieHc B LIEPH u B O

1) C 1992 roga —B sxcnepuMente ALICE na BAK B IIEPH. B 1992-2002 rogax -
aunep no 2-m cucremam ALICE. MupoBo# peKOp/IHbIN YPOBEHb PAAUAIIMOHHON
npo3padyHocTu BHyTpeHHel TpekoBoii cuctemsl (ITS).

2) 1992-2002 —ITonnas unxxkenepHas npopadorka ITS-CMA (Cooling-Mechanics-
Assembly) ALICE, + TexHonoruu, + U3roToBJICHUE CUCTEM MOICPIKKH
KPEMHHEBBIX JETEKTOPOB U oxjiaxaeHus front-end snexkrpoHukulTS

3) 1996 -2003: B sxkcriepumenTe NAS7 110 UCCIEAOBAHUIO BBIXOAA CTPAHHBIX
YaCcTHIl B aAPOHHBIX CTONKHOBeHUsAX Ha SPS B I[EPH

4) C 2006 roga —B sxcriepuMenTte NA61/SHINE no uccienoBanuio Gpa3zoBoro
Iepexoia U MOUCKY KPUTHUYECKOU TOUYKH sijiepHor MaTtepun Ha SPS B IIEPH.

5) C 2018 roga - yyactue B HOATOTOBKE AKkcriepuMeHToB MPD u SPD Ha

komnaaepe NICA B OUAN



(OELNP  yyeGuasn JJadoparopus siIEPHbIX MPOLIECCOB
(pyxoBoauTeanb B.U.7KepedueBcKkuin)
Hcnbitanuga KMOII gerekropoB miist sxcnepumeHToB ALICE n
NA61(SHINE) B IEPH
SnepHble peakuuu
YCKOpHUTENBHBIE TEXHOJIOTUHN
Snepnas meauiyHa




(whep Jlaboparopust GuM3UKH CBEPXBBICOKHUX
yHepruit CIIOI'Y: HanpaBiieHust

)

2)

3)

4)

5)

6)

TeopeTnueckre UCCIENOBaHUS U OUCK HOBBIX
bu3nyecKkux SBICHUWU B aJAPOHHBIX -
CTOJIKHOBEHMSX IIpU IHEPTUAX -
xosutangepos bAK u NICA
Yuactue B MOJrOTOBKE W MPOBEACHUMU
skcniepumMeHTOB ALICE um NAG6I(SHINE) B
[HEPH, ananu3 u o0paboTka AaHHBIX  IIO
AIpO- SIICPHBIM CTOJIKHOBEHHUS MPU BBICOKUX
SHEPTHUsIX
Koopaunanust rpua-caitoB ALICE B PO,
Pazutue ['pun-rexnonoruii B CIIGI'Y u B PO
(World wide Large hadron collider Computing
Grid - WLCG) c¢ unensto obecrnedeHUs
HAKOIUUICHUs, OOpabOTKU M aHaliv3a JaHHBIX
merayctaHoBku ALICE na BAK
HccnenoBanus CBOMCTB KBAPK-TJIFOOHHOM
Cpepl B OKCIIEPUMEHTAX 1O Pp, p-A n A-A
CTOJIKHOBEHHUSM U 00pabOTKa OOJIBIITUX
00BbEMOB JTAaHHBIX
Pa3zpaboTka HOBEHIIHX AETEKTUPYIOMIUX
CHUCTEM BEPIIMHHBIX KPEMHHUEBBIX JETEKTOPOB
s sxcriepumenToB ALICE, NA61(SHINE) u
MPD u SPD na konnaitnepe NICA
Pa3zpaboTka cucTEMbl MOHUTOPUPOBAHUSA
ny4ykoB koyurangepa NICA

JiepHasi MEJMIIMHA: aJipOHHAs Teparus
[IpodopuenraimonHas padora co
IIKOJIbHUKAMH: TPAKTUKA, MACTEP-KJIACCHI 110
pabote ¢ manabiMu BAK, nekiuu, mau Hayku
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IHomHOMacIITAOHBIHM TENJIOBOW MaKeT
Bepminnnoro tpexosoro nerekropa ALICE ITS/SDD (60s1ee 2000
3JIEMEHTOB) U yriiekoMno3uTHbId MakeT ITS (2002)

Ceepxiierkue yriieKOMIO3MTHbIE CTPYKTYPbI MOAAEPKKH KPEeMHUEBbIX
nerekTopoB ALICE: ¢epma nimuoii 1.1m Becom 24 r ynep:kuBaer 2Kr rpys
(2002 rox)

Caepxiierkue yriiekommosutubie pepmbl (L=1500 mm, Bec ~33.6r) u
TemjioBble maneau (L=1500 mm, Bec 80 r) ayisi HOBeHIIUX NMHUKCEJIbHBIX
nerekTopoB MoaepHu3upoBaHHoil ycTaHOBKU ALICE na BAK (2019 rox).

YIi1eKOMIIO3UTHAS TEIJIOBAs MaHeJb ¢ HHTETPUPOBAHHOM CHCTEMOM
oxuaxkaenuust (0.5 Barr/cm2) (2019 ron)

CreHpa ¢ KpMOreHHbIM oxJiaxkaeHueM st ucnbiTanusa KMOII nerekropoB
nas sxkcnepumedToB ALICE u NA61(SHINE) B HEPH

JerexkTop Ha MKII B ToHKkocTeHHOM (100 MKM) BAKYYMHOH Kamepe .
C TeTTEPHBLIM HACOCOM




Tracking of charged particles

Illustration of ALICE
detectors used in track
reconstruction and
particle identificationt!]

» ITS

» TPC (blue)
» TRD (green)
>

TOF(orange)

[1] “Track Reconstruction in
the ALICE TPC using GPUs
for LHC Run 3”7, David Rohr
etal.,, arXiv:1811.11481
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(@rep Challenges
for open charm measurements a1

Challenge-1: Short life-time of D-mesons (< ¢ >=410.1+ 1.5)x1015s[1])
Small mean decay length ! N

. Pointin ' _
Reconstruction g1 4 momentum

from hadronic decay channels,
ct ~100um (!)

. secondary
vertex

Meson Decay Channel Ct Branching g ;"' f:; :
Ratio g [
D° D° - K-+ T 122.9pym  (3.91+0.05)% S BT
D° D° - K'+ TC" +1C°+1C 122.9pym  (8.1420.20)% ’
D* D* - K+ T+ 1" 311.8uym (9.2%0.25)%
D*, D', - K'+Km'  149.9uym (5.50%0.28)% Primary vertex
Vito Manzari
e e 2 0 +  mmcmeees )
L S S LXV Conf.Nucl.Phys.,

29.06-03.07.2015, SPb
[1]PDG, PL B667, 1 (2008)



EP Challenges
for open charm measurements aLice

Challenge-2: high efficiency is needed
for rare-probe registration

Pointing D’ reconstructed
intin |

momentum
Angle8 ':4

Coverage in transverse momentum to be as
complete as possible, in particular down to «
very low momenta.

. secondary
vertex

Challenge-3: Fast detectors and
continuous readoutl!!to ensure statistics

~ 100 um
“w DPflight Iint'\‘\\

Primary vertex

[1] David Rohr et al., arXiv:1811.11481



P
Impact parameter (d,) resolution
in particle tracking

> Example with two-layer setup: 6 =oys+0z.,,

with

2 2 Nscart
Géeom = ( o112 ) + ( it ) and  oj5= E(RJ'A@)')Z

r—n ra—T i1

> Strong effect of Multiple Scattering (MS):

r 7 X X
=—13.6MeV,/ — [1 +0.038log (—)]
p V Xo Xo

REQUIREMENTS are very contradictory (!):

» Sensors with high coordinate resolution -- minimize o, and o, (!)
» The first layer close to interaction point (IP) --decrease r; (%)

» The multiple scattering should be minimized — apply low-mass,
Iow Z materials to provide the minimal possible X/X, (!)

2 high thermo and mechanical stability ~10 i
NUCLEUS -2020 '




3 Inner Barrel layers (IB)
4 Outer Barrel layers (OB)

Radial coverage: 21-400 mm

Upgrade of the

Inner Tracking Syste
~ 10 m?

In|<1.22 over 90% of the luminous region

0.3% Xg/layer (IB) e .
0.8 % X/layer (OB) =

CDR: Endorsed by
LHCC in Sept.

Radiation level (IB, layer 0): TID: 2.7 Mrad,
1.7 x 10" 1 MeV n,, cm2

- 2012
Installation during LS2 < ALICE ITS Upgrade TOR > ITS Upgrade TDR:
ﬁ‘ =~ CERN-LHCC-2013-D24 R
T SR in March 2014

> 12.5 Gpixel ITS-2 based on Monolithic Active Pixel Sensors (MAPS)




Comparison of ALICE with
ATLAS and CMS upgrade

current ALICE | ALICE upgrade || ATLAS upgrade | CMS upgrade
innermost point (mm) 39.0 22.0 25.77 30.0
x/Xo (innermost layer) 1.14% 0,35% 1.54% 1.25%
do res. r@ (um) at 1 GeV/c 60 20 65 60
hadron ID p range (GeV/c) 0.1-3 0.1-3 — —

ALICE Inner Barrel

ALICE ITS-2 general design

CERN-LHCC-2012-013 (LHCC-P-005) l
.illlli E .




Silicon Genesis: 20 micron thick wofer

Ultra-thin
bent Si wafers

Cylindrical
Structural Shell

Half Barrels

32
o
N
oL

» Gaseous cooling and vibrations
of 20 micron thick large area sensors

NUCLEUS -2020

@ C Concept of ultra-light ITS-3[1!

ENO-WHILEL (Aside)

p

B Layer pParaucen =2 Layel1 v Layel I Layel L
Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 210 210 210
Pseudo-rapidity coverage” 2.5 23 2.0
Active area (cm’) 305 48 508
Pixel sensors dimensions (mm?) ~ 280x 56.5 280x75.5 280 x %4
Number of pixel sensors / layer 2

Pixel size (um’) 0(15x 15)°

“The pseudorapidity coverage of the detector layers refers to tracks originating from a
collision at the nominal interaction point (z = 0).
? For the fallback solution the pixel size is about a factor two larger (0(30  30) um?)




MAPS tests : see the next report by
Vladimir Zherebchevsky




Back-up slides




ALICE technology
for Inner Barrel staves of ITS-2

ALICE

Flex-cable bus

Mechanical structure

ALICE

Pads Over Active Circuitry

Thickness of detector

components in terms of fraction

of radiation length X/X, -

Material Thickness X, (X/X,
(nm) (cm) |(%)
Polyimide cooling pipe |25 um 28.41 0.003
wall
Carbon fleece 40 pm 106.8  [0.004
Water Imm 35.76 0.032
Carbon fiber plate 70 pm 26.08 ]0.027
K13D2U
Graphite foil 30pum 26.56 0.011
Thermal greese (glue) 100pm 44 .37 0.023
Si-sensor S50um 9.36 0.064
Total (without FPC) 0.164
Total ~0.3

> Record level of radiation transparency < 0.35%, X, [1].
[1] arXiv:1706.02110v2



CMOS Pixel Sensor!lil

ALICE

TowerJazz 0.18 um CMOS Imaging Process

» Pixel pitch ~ 30 um

» High-resistivity (> 1 k€ cm) p-type
epitaxial layer (25 um) on p-type substrate

NWELL NMOS PMOS
DIODE TRANSISTOR TRANSISTOR

PWELL NWELL

L PWELL

hu __oeep pwews » Small n-well diode (2 um diameter),
Shefet => Jow capacitance
‘ ‘;-__.!"Ieh » Reverse bias voltage to substrate
ey . 7 (contact from the top) can be used

Epitaxial Layer P-

to increase depletion zone around NWELL
collection diode

» Deep p-well shields n-well L of PMOS
Transistors

»> Very low power dissipation

(<300 nW/pixel)

Schematic of MAPS pixel

[1]J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002



