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NMnaH

Tekywmm anrpeng ALICE (ona paHa 3 n 4)
MnaHupyembin anrpena ITS anAa paHa 4

[1n3anH HoBOM 3KCnepumeHTanbHOM ycTaHoBKM ALICE 3 ana paHa 5 v panee

[MnaHunpyemas ¢usmnyeckaa nporpamma ansa ALICE 3
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ALICE Upgrade for Run3 and 4

Pixel Muon Forward Tracker

P
“Reall] o0

GEM-based
TPC readout

... and much more:

« Fast Interaction Trigger

* New Online-Offline system

« Readout upgrade of several detectors

pad plane

Record minimum-bias Pb-Pb data at > 50kHz (currently ~ 1 kHz)
(RUN3+RUN4): 13/nb - x 100 minimum bias statistics (compared to RUN1+RUN?2) 3



ITS upgrade

MoTtusauma:
LHC ~ * YnyyuweHwue paspelleHnAa gnAa BepLlimnH mn
B — TPEKOB C Ma/ibiIMK MMMY/IbCaMMU

= T 2020/21

* YBenunyeHue CKOPOCTN CHUNTbIBAHUA

6 cnoes (39mm < r < 440mm) 7 cnoes (22mm < r < 400mm)

ITS2 ocHOBaH Ha TEXHO/IOTMN MOHO/IUTHbBIX aKTUBHbIX
nuKcenbHbIX ceHcopoB (MAPS = Monolitic Active Pixel Sensors)
AKTMBHaa naowaab ~10 m?

12.5x10° nuKcenein

PaspelweHue ~5 um

MoTpebnaeman molwHOCTb < 40mW / cm?

LLym ~ 1 Hz/cm?

X/X, (nepBble Tpu cnosa): 0.35%

Beam pipe



= - . 0. 7
" - - A
== - — : 7
-~ /I/ - - 5 3
P~ P k 4 ¥
g 5 o o~ " 4 &
-t — o e A /
s a o wr

Sketch of the ITS upgrade with halfa Pb-Pb event superimposed

> S e e e U Wy 2.8 B

»

—



ITS1 vs ITS2

425 X 50 um

Magnus Mager at the 15t ALICE 3 workshop 6
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Source:

CMOS Image Sensors Keep Hitting Record-High Levels

. Sales (SB) —#—Units (B) §21.5 _
2013-2018 CAGRs .
Sales = 13.9% Units = 16.0% i
2018-2023F CAGRs $15.5 >16.1
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Magnus Mager at the 15t ALICE 3 workshop

Smartphone/DSC General Pixel Pitch Trend

I Major Pixel Generations, first in use I
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NMpumeHeHne MAPS B aKCnepumeHTax

Magnus Mager at the 1%t ALICE 3 workshop

Mimosa-26

2.7.cm?

".I;Ielescope) ALPIDE

... several experiments have selected CMOS APS (STAR, ALICE, CBM, NICA MPD, sPHENIX, Mu3e)
... and now intense R&D ongoing for HL-LHC (ATLAS) and ILC/CLIC

2014 FirstrciPS Detector

STAR HFT CBM MVD ALICE ITS Upgrade (and MFT) sPHENIX
0.16 m? — 356 M pixels 0.08 m?— 146 M pixel | 10 m2- 13 G pixel 0.2 m?2- 251 M pixel
L. Musa (Schleching 2020)

TexHnorna «cospena» anga Wwmpokoro npumeHenma B HEP...
No KpanHen mepe B Tex obnacTtax, rge paguaumoHHble TpeboBaHMA He Takme XecTkue, Kak B ATLAS/CMS



ALPIDE — ALICE Plxel DEtector o

)

Magnus Mager at the 15t ALICE 3 workshop



ALPIDE: oCHOBHbIe XapaKTepUCTUKH

* COTHM TPAH3MUCTOPOB Ha OAMH NUKCENb

* BblCOKas rpaHyNAPHOCTb
— 0O(30x30 um), ckannpyemasn c TexHoNOrmen

* BbicoKasa apPeKTUBHOCTb
* PagmaunmoHHaA yCTOMYMBOCTb

* T[loaTBepraeHa paboTa B 60/1bLINX MPUNOKEHUNAX
— Hu3KuM ypoBeHb LLIyMma

* CraHpapT MHAYCTPUM — MOXHO NPOCTO KYNNTb
* B ALICE xopowuni onbIT

NWELL TRANSISTORS
DIODE NMOS PMOS

DEEP PWELL DEEP /PWELL

l J PWELLI NWELL%PWELL

Epitaxial Layer P-

Magnus Mager at the 1%t ALICE 3 workshop

Front end

10



PaaunaunoHHan

ANVNHA BHYTPeHHux cnoes ITS2

X/Xo [%] for tracks in g <1

I
[N}

Flexible PCB

- Cold Plate

Space Frame

* HeKoTopble HabnoaeHUA:
— KpemHumn: Tonbko 15% oT noSIHOM paanauMOHHON AJINHDI
— HepaBHOMEPHOCTU CBA3aHbI C NOAAEPKMBAIOLLEN CTPYKTYPON U
BOASHbIM OXN1AXKAEHNEM

*  MoKHo 11 ybpaTb BoAAHOE OXNarKaeHune?
— [a, echv notpebnaeman molwHocTb byaeT Huxe 20mMBT/cm?

*  MoxHo n1 ybpaTb neyaTHyto NaaTy (MMTaHME N AaHHble)?

Other
Water
Carbon
Aluminum
Kapton
Glue
Silicon
mean = 0.35 %

o
o

o
n

o
'

— [la, MOXHO MHTerpmpoBaTb BCE Ha yune

* Y10 AenaTtb C NoaAeprKUBAIOLLEN CTPYKTYPOIL?
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Magnus Mager at the 1%t ALICE 3 workshop
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Yun MOXXHO N30rHyTb!

Magnus Mager at the 15t ALICE 3 workshop



KoHuenuua aeteKktopa ITS3 ana Rung

Mony-umnmHapuYeckue cnou

Cylindrical
Structural Shell

-
TN

Half Barrels

TexHonorua cwmBaHua (stitching) nossonser

[.eNnatb YNMNbl Pa3MEPOM C KPEMHUEBYIO

nnactuHy (amametp ao 30 cm)

Lol: https://cds.cern.ch/record/2703140

Beam pipe Inner/Outer Radius (mm) 16.0/16.5

IB Layer Parameters Layer O Layer 1 Layer 2
Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 300

Pseudo-rapidity coverage 2.5 +2.3 2.0
Active area (cm?) 610 816 1016
Pixel sensor dimensions (mm?) 280 x 56.5 280x 75.5 280 x 94
Number of sensors per layer 2

Pixel size (um?) 0 (10x 10)

Endorsed by LHCC on Sep 2019 13



https://cds.cern.ch/record/2703140

TecCTbl C USOTHYTbIMU YMNAMMU

% Magnus Mager at the 1%t ALICE 3 workshop

100 pm-thick Kapton e —
’ : 50 um-thick ALPIDE
yovesad-l JOQEy

R =18 mm jig .,

lagnus Mager (CERN) | ALICE 3 | 14.10.2020 27

v

* [okKa co ctaHaapTHbIM ALPIDE (50 mkm)

* [lpoTtoTUn:

— TPW CNOoA C NPOEKTHbIMK pagnycamu (18, 24, 30 mm)
— 6 TOYeK

— OKOLWLKO: TO/NIbKO 4unbl be3 AOMNONTHUTE/NIbHOIO MaTepmnaia

14



Cneumndukauma agna ITS3 (Run 4)

Parameter ALPIDE (existing)

Technology node 180 nm

Silicon thickness 50 um

Pixel size 27x29 um

Chip dimensions 1.5x3.0cm

Front-end pulse duration ~5us

Time resolution ~1 us < 100 ns (option: <10ns)
Max particle fluence 100 MHz/cm? 100 MHz/cm?

Max particle readout rate 10 MHz/cm? 100 MHz/cm®

Power Consumption 40 mW/cm® < 20 mW/cm? (pixel matrix)
Detection efficiency > 99% > 99%

Fake hit rate

< 107 event/pixel

< 10”7 event/pixel

NIEL radiation tolerance

~3x 10" 1 MeV ne/cm’

10 1 MeV ney/cm®

TID radiation tolerance

3 MRad

10 MRad

Towerlazz 180 nm (20 cm wafers) -> Towerlazz 65 nm (30 cm wafers)
Mo»KHO caenatb Ymn AZIMHOW 28 CM — OAHOTO YMNa A0CTAaTOYHO Ha BCHO AJINHY

bonee BbicOKaA MHTerpayma

bonee HU3Koe 3HepI'OI'IOTp66}'IEHMe
MeHbLlaAa CTOMMOCTb Ha KBa,EI,paTHbIﬁ METP

15



Yto aenatb pganviue?

* [lporpamma skcnepumeHTa ALICE ogobpeHa TonbKo Ao KoHua Run 4

e JlanbHeunuwee yBenm4yeHmne CBETMMOCTU HEBO3MOKHO U3-33 orpaHmndyeHnin TPC: o6beMHbIN
3apag (nckaxkeHnsa no 10 cm) n nNoTHOCTb TPeKoB (3arpy3Ka Ao 40% Ha BHYTPeHHUX obnactax)

* Yto genatb nocne 2030 roga”?

2019 2020 2021 2022 2023 2024 2025 2026 2027
FMAMJJASONiDJ FMAMJJASONDJFMAMJJASONDJFMAMJJASON%DJFMAMJJASDNDJFMAMJJASONDJ FMAMJJASDN}DJFMAMJJASON}DJ FMAM J|JAS|OND
. Long Shutdown 2 (LS2)| Run3 [ Long Shutdown 3 (LS3)J
ARRRRRRNRRRRRRNENINA T
2028 2029 2030 2031 2032 2033 2034 2035 2036
FIMAM{I[JAISION|DY I (FMAM] [ JAISIONDY ] [FIMAMI[JAIS|IONID I |FMAMI(JAISIOND| ] [FIMAIM [ A|S|ON|DJ] [FIMAM(]({J|AIS|OND{J [FMAIM ][] AIS|IONDII [FMAM[I[JAISIOND{] FMAIM J|]|A|S|ON|D]
Run4 | LS4 | Run5 | LS5

cortesy D. Rohr 16



Next-generation heavy ion experiment (ALICE 3)

Npea: NONIHOCTbIO CU/IMKOHOBBIN AETEKTOP

Shower Fixel Detector (SPD)

«— Time Of Right

MoHonuTHbie cnon MAPS (pa3speweHue ~3um) T
OueHb ManeHbKaa paanaumoHHasa anuHa: 0.05% X,/cnon o=
Bonbwon akcenTtaHc |n| <4 l

_ insert-able
conversion layer

TpeKuHr 4o o4yeHb manbix p; (ot 20-30 M3B)
PID: TOF (20 nc), shower-pixel detector
CsetnmocTtun B 50 pa3 6onble no cpaBHeHUto ¢ Run3-4:

- - s
<Lyn> 80 10%* cm2st p o N

OCHOBHbIe Uenu: OCHOBHbIE CCbINIKN:

— ®OTOHHbIE U AMNENTOHHbIe CNEeKTPbl NPU yAbTPa- * Eol: A next-generation LHC heavy-ion experiment. 1902.01211
MasIbiX NOMEPEYHbIX MMMY/IbCAX * Workshop on ALICE 3: https://indico.cern.ch/event/953710/

— I£|,€TaI'IbeIe ncenegoBaHnUA o4apoBaAHHBIX U

3K30TUYecKnx bapunoHos: X(3872), = .1 T.4.

1608+ 40Ar18+ 40920+ 78K 36+ 129X @54+ 208Pp82+
(Lpa) em™%s™" | 4.54 x 10%" | 2.45 x 10%° | 1.69 x 10%° | 1.68 x 10* | 2.95 x 10*® | 3.8 x 10**
(Lyn) em %870 | 1.16 x 10%* | 3.93 x 10* | 2.71 x 10* | 1.02 x 10* | 4.91 x 10** | 1.64 x 10** .



https://indico.cern.ch/event/953710/

OnTumusauma Tpekepa

Efficiency (%)

Momentum Resolution (%)
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I l I I l I I I I ‘ I [ 1 1 1 Lt I 1 1 1 = Iv— 0 prObabiIity Of being e B
0.1 1 100_2 107! 1 r tracked with no fake hlts §
Transverse Momentum (GeV/c) ' p, (GeV/c) 100.2 10" 1
i i i i i _ good electron efficiency down to p. ~ 20 MeV/c
for the B = 0.5 T field configuration, could go even lower with B =02 T ) pT (GeV/C)
good electron efficiency down to p; ~ 20 MeV/c
R S T 10 1 AR TR TR N R — s 0P T e even at high charged-particle multiplicity
Sl: i
Z [ allow tracking also for tracks e -
10 o I not reaching the TOF layer at 100 cm o
fiE SRt VOB NI OO T Rl g — sufficient to reach the layer at 20 cm (5th layer) i
2 | ) * PaspelueHMe Mo MMMybCy 3aBUCUT OT:
- — 2 ) %
B T o ot | n=0 — MarnutHoro nonda (B~ 0.2-0.5T)
" ? tracking with d i _ ~
2 ol e | Pa3pelieHuna getektopa (~5 MKm)
T T S\ : — MHorokpaTHOro pacceaHus
Mg o B=02T ~ o
i R 1 (X/X, ~ 0.1% wa cnoid)
V). ./ | B i ' |
--------- .1 - ost * [pu ManblX MAarHUTHbIX NONAX
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Transverse Momentum (GeV/c) i = 1 B 102

R. Preghenella at the 15t ALICE 3 workshop p; (GeV/c) 18



Mepsbin cnou

Pa3spelleHune no npuLesbHOMY napameTpy
3aBUCUT OT paguyca NepBoro CAos:

e &1y 4/X/X, (in m.s. dominated regime)
« x4/C+ rO/R (in resolution dominated regime)

MwuHMManbHbIN pagnyc onpegensetca TpebosaHuamm LHC:

e cTaTuyeckmii: ~ 15 mm (TpeboBaHMe NpU UHKEKLUN)

e ybuparowmica: ~ 5 mm (TpeboBaHue ana cTabuabHbIX MYYKOB)
HecKonbKo cueHapues:

* ro=15mm, 0.15 X/Xo

4
/é\ 10 E T LR IIIH! T T Illllll T TR O A B N ) T ) IIIIJ:-
5 E 100 MeV/c T ;
g i il
= 10°F =
= 2 scenario 1 3
& C scenario 2 o
o 5] 115 um @ 100 MeVic |
o 10° 75 pm E
C [ a
= s ]
£ - il
= i i
< 10¢ =
" scenario 3”7 i
scenario4” i 7w
1= 25 um =
- 18 ym ]
10—1 | | A | [lllli | | Illllll | | Illllll 1 Eb U ELL
1072 107 1 10 107

P, (GeV/e)

(static design outside of 500 um Be beam pipe) Scenario 1
* ro=15mm, 0.04 X/Xo .
(static design in secondary vacuum separated by 150 um Be foil) SoenanioR
* ro=5mm, 0.04 X/Xo 5 -
(retractable design in secondary vacuum separated by 150 um Be foil) genano’3
* ro=5mm, 0 X/Xo _
(retractable design in primary vacuum) Scenario 4
Ybupatowmiicsa (retracktrable)nepsbiin chon: Iris tracker
oy g A
n'/;’;' P 25 7= ]
‘w( ,,»,,*' - 5 B / A —— \H
t&\ (./’16 '\ (, y ‘ ‘?.3‘\
A L)

R. Preghenella, C. Gargiulo at the 1t ALICE 3 workshop
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TpeKuHr B obnactmn 6onbLumnx boicTpor

< 10 , e
o v =0 =F =0 =9 =4 =9 =£ = L 4 9 0 ¢ O 9 W 11 ¢ ) 10 1/ 10 19 « < L e -
EMCAL SOLPNOID MAGNKET n=0.5 FRONT ABSODEER SHIFLDING .5
3 !
o 1
isf DIPOLE MAGNET —ON =
WALR 3
| . QCJ 10—_ ]
= E T ]
o b ]
PMD — | | ! 4 ! £ . L — <!
{ ~1 't - = .
- . - L { | . r n=0
o [ 2 = - V4| N : - . I : | - L ot usssssasasssamata e et
| | | el 7 /M T
=5 T 1 . 4 :”7 l . : "; ! - 1 Ll Lol | N
] " : R T 135 102 107" 1 10 102
N | ||} = Ji»r""f ! . : J ...4.;4 - = efault central-barrel tracker up to n < Prleeis)
1721 i = x : - & ::afcki:g at :ar;:r rapli:jitiei witr?ftoraard‘lfilicon discs !
’\?102_ R L U SRR ) LR AL | LR RN L
LMN%R{’“) (m}' &g, E — z =180 cm (last disc) E
\ :D ) 4
\ §
install forward discs inside the L3 magnet N \\ @ [ n=25 /‘
increase n coverage depending on the location w \ g
04 L% é 1 n=20
z =300, 400, 500 cm 02 N o o
100% leverarmupton=1.8,2.1,2.3 | OO SO N Bis... S e g ]
L3 marHuT aoporoi B akcnayataummn (5MBT) + HyXKHbl 6onbline nHsectuumm B L3 (2.5MCHF). | \chm |
PaccmaTpuBaloTca pas3/indHbie BO3MOXKHOCTHU: .
A A A 1 x . ||L|ll| : : Illllll L I‘IHHI : L
* HoBbIM MAaNeHbKUN «Tennbln» coneHona, 1072 107" 1 10 - 1)02
A A A . " " p e c
* HOBbIM MaNeHbKNU «TENIbINY CONEHOUA + ANNONb 200 pm siicon discs (0.5% %), & um resoluton !

R. Preghenella at the 15t ALICE 3 workshop 20



PID: BpemAanponeTHbin AeTEKTOP

* Ha maneHbKoM gnnHe nponeta (1m)
TpebyeTcs xopoluee pa3peLlleHme no
BpemeHun TOF ~ 20 nic

* [lpobnema: npu 60NbLWNX NONAX SNEKTPOHDI
He 40/1IeTAlOT 40 BHELIHErOo C/101

* Bo3MOXHble pelueHunsa:
— B=0.2T, 1 cnon TOF Ha 100 cm
— B=0.5T,2cnoaTOF Ha 20 n 100 cm

* Bbibop TexHONOUM

With avalanche
gain

Sub-geiger mode
(LGADs, APDs)

[\

Without
avalanche gain

Geiger mode }

B = 02T TOFHa 100 cm

2

TN

(SPADs)
3D BiCMOS
[Dc-coupled [Ac-coupled ] [PlanarJ ( electrodes } [ (siGe)

R. Preghenella at the 15t ALICE 3 workshop
B=0.5T, TOF Ha 20 1 100 cm

~ ' O [ | l T T
i e 4 #‘ ———— — —
0.8 8 i » A;‘ // _
0.6 — - ; ’ .|
04 ol B ¥ 4  forceuse of TOF 100 _|
=, i L ; for p > 200 MeV/c i
- driven by - s =
0.2 momentum . i al
- resolution - -
L i TOF 20cm
- : TOF 100 cm - - TOF 100 cm -
O |[||| | ||1|||| | | T O s i i 0 1 lllllll 1 1 lllllll 1 1 | S S
10 1 10 107 1 1€
J ____________ N P (GEV/C)  ooor o s p (GeVic)
Shower Fixel Detector (SPD)
<— Time Of RAight
T (ToR
~100cm
____ insert-able
. conversion layer
HV-
CMOS
—————————————————————— 21




Low Gain Avalanche Diode

LGAD (Low Gain Avalanche Diode) Coreregion Junction termination
* TexHoI0MMA, NpeaioxKeHHas ana LS3 anrpeiga B ATLAS n CMS 1 o N\

* BbicoKas pagnaumoHHas yctondumsoctb (107 — 10 1 MeV n, /cm?)

* He oyeHb xopoluana rpaHyaapHoctb O(1 mm?)

* bonblas mepTBas 30Ha

* TOHKMW CNOW AOMUHIA — NIOXOMN KOHTPO/Ib YCUJTIEHUA

P - - substrate

wid prelectrode
Single Pad 0.8 mm?
— 60 T=-20C
Q
E‘ 50 a @ e  CrommocTb ~ 50 CHF/cm?
% 40 3 @ *  MoxHo nu caenatb TOF ceHcopbl € UCnoONb30BaHMEM
8 o 8 o 23 ctraHgaptHon KMOTI1 texHonornm?
= .
‘ Lo . .

£ $ 9 A Bo3smoxHo SPADs (Single photon avalanche diods), Ho
= 20 A © 500 VBD )

N - —  Wym nopagka 100kHz/mm

A B35 VBD
0

1.E+13 1.E+14 1.E+15 1.E+16
Neutron Fluence [n,,/cm?]

L. Musa at SQM 2019 22



RICH u Pixel Shower Detectors

«—— Time Of Flight
(TOF)

aerogel

\ .
\\___ insert-able
\ conversion layer

v

A

~400cm

* SPAD arrays
Single layer aerogel

 TOF pna peteKTMpoBaHUA YePEHKOBCKUX GOTOHOB?

Pixel Shower Detector

15X, 1X, O.

Xo (Pb) =0.56 cm

Absorber
Pixel Sensors

A. Di Mauro at the 15t ALICE 3 workshop

Cherenkov angle (rad)

0.1

o

-

o
IIII|IIII|IIII|‘II-"I'—|-‘ -+ iy

o

NHits

N events

10°

L} i
W,
f’l Ui ’ n

4l WEKHIIIH.HIE’"IU 1 (P, |

10

0 50 700 150 200 250 300
N hits
3 GeV
Blue: Electrons Red: pions

100K events each

23



dusnyeckaa nporpamma

ALPOHDI C TAXKENbIMU KBapKaM#u
— AJPOHbI C HECKONbKMMU C KBapKamu: = ., Q.. Q.

— To4Hble n3mepeHUa ¢ B mesoHamu Npu manbix p;

cc’ cc’

— X, Y, Z pe3oHaHcbl, Hanpumep X(3872)

CnekTp ANINEKTPOHOB
— To4Hble namepeHna TennoBoro cnektTpa 0 <m< 3 3B

Markue npsambie GOTOHbI
— o 50 MeV/c

YnbTpa-markme GpoTOoHbI
— 1 MeV/c < p; <100 MeV/c
— dopsapaHbIi cnekTpomeTp at 3.5< |n| <5

dusunka 3a npegenamum CM

$4333

MexaHn3m agpoHm3aynmn

BoccTaHOB/IEHUE KUPANbHOM CUMMETPUMN

Tennosoe nsnyvyeHue ot KITI

[MpoBepKa Teopem 0 MATKNX GOTOHAX

24



PereHepauua YapmoHuUA

Peter Braun-Munzinger at the 15t ALICE 3 workshop

T |J; [T T T [ T T T[T T T [T T T [T T T[T T T [T T T[T T T[T TT[T] § B T T T [ T T T T [ T T T T ]
\p - m . . “_: E T |+| T ‘ T T T ‘ T T T | T T | T T T | I’; | T T T | L T 3
1.4 T o ALICE, Pb-Pb {5,,=5.02TeV 2.5<y<4 (PLB766(2017)212) B B ALICE Preliminary . o 10° *.7: . Pb-Pb \s=2.76 TeV
Bl © PHENIX, Au-Au {5,-200GeV 1.2<|y|<2.2 (PRC84,054912) ] o - Pb-Pb sy =5.02 TeV - 2 . E- K central collisions :
1.2 ] i Inclusive Jhy Iyl <0.9 25<y<4 i a 10° 3 "“_ P A E
1 [ e Data 0-10% ® Data 0-20% ? qoL T es N
] B n o F L = 3
- i TAMU TAMU i Q 1L ¢ "-Q.l ) 2
08 L Mgm E ¥ SHM SHM | = ol L . y -
i o o ® 0 0 > 107F s 3
0.6 - ® l U s E 1 HI ;H: —————————————————————————————————————— - 1072;_ " b _
- ] ' i " Data (lyl<0.5), ALICE . :
0.4 [ - e L 4
C ] _E_ﬁ‘m‘ T 10 £ e particles ~3He 3 3
0.2 C dN/dn | Au-Au {5,,4=200GeV (PHOBOS, PRC83(2011),024913) ] - - — 10%: = antiparticles '!’!A -
Tr dNidn | Pb-Pb {f5=5.02TeV (ALICE, PRL116(2016) 222302) 1 —H%:_._t-:mt # F ., E
L | | | | ' | | | | | | ] B ] 10°k Statistical Hadronization (T=156.5 MeV) ay T
0 111 11 1 111 11 1 11 L1 1 11 | L1 1 11 1 L1 1 1 . L L J ) 7 I i I I i I | L L . ; i . '-'- H ;
0 200 400 600 800 1000 1200 1400 1600 1800 2000 %, 5 10 15 20 10°E total (+decays; +initial charm) '-.FG_E
(dN/d 1) E o meeeeee primordial (thermal) E
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Mass (GeV)

CTaTuctnyeckas moaesb agpoHu3aumnm

(SHM — Statistical Hadronization model) KoanecueHTHaa moaensb (TAMU)

* uds — 60/bLLION KAHOHMYECKUIN aHCamMb b

* PoKaeHHble c-KBapKU TepMaInN3YIoTCS

* YNnobHO MCNONb30BaTb C MAaKPOCKOMUYECKMMM
rMAPOANHAMUNYECKUMU MOAENSMMU

e PacueT BEpOATHOCTU NEPEKPLITUA BOJIHOBbIX GYHKLMIM C KBAPKOB
* 3aBucuT oT GyHKUMM BurHepa
* MOHO MCN0b30BaTb B TPAHCMOPTHbIX MOAENAX

&?p.  d*p.
(27)3E, (27)3E;

g [ p*dp Ny = gy / Pe - docpe - doe fe(re, pe) fe(ra, pe) Wy (re, e Pe, Pe)

272 Jo  ymeEn/Tn £ ]

stat
Ny~ = Vu

S. Cho at the 15t ALICE 3 workshop 25



PoxxaeHne 6apnMoHOB ¢ HECKONIbKUMM C-KBapKamMu

* [lpeackasaHWA KBapKOBOW moaenu * JKCNepumeHT

Phys.Rev.Lett. 119 (2017) 11, 112001

80F
60 F
40 ; +

U L I . E
= 180 LHCb 13 Tev :
é‘ 160 :
= 14[}:— + Data -
= C —Total -
= 120 - o Signal

% 100F ---Background

=1

=

8

L

C 4 1 i i i o i --b L 1 L
3500 3600 3700
m (Ze ) [MeV/c?]

:10"'|""|""|""|"'-'|"_"|'
* ObpasoBaHue Q. B pp CUIbHO NOAABNAEHO (HYXHO 3 & . raad ETM A
=~ - do,/dy = 0.532 +0.096 mb
YKECTKUX npouecca ¢ 0bpa3zoBaHMEM C KBAPKOB) 5?‘10_1
T a2
* B ueHTpanbHbix PbPb poxkaaetca nopagka 100 cc nap ”’3 Qoce
107
* BepoAaTHOCTb 06pa3oBaHunA B AA B pe3ynbraTte 107
KoasiecueHuumn 6onblue Ha HEeCKO/IbKO MOPAAKOB 107 -
6
(x30000 B SHM) 0 -

m (GeV)

red: single charm, green: double charm, blue: triple charm

G. Innocenti at the 1 ALICE 3 workshop Peter Braun-Munzinger at the 15t ALICE 3 workshop
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()...- BbI30B A/1A 9KCMEePUMEHTATOPOB

Tp66yeTCﬂ O4eHb Xopouwlee paspeweHune, 4yTOODI oTAENNTL CUTHA/IbHbIE U (I)OHOBbIe NMMN-ME30HblI:

0.025

0.015

0.01

0.005

d,(ro) - 43

i 52314 = 0.21 um|
o F\LIHM/2.355 22.08 jm

0.02

—%.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

—signal
—fit
7 from €.

)

0, . (cm)

+ onNnTMMM3aumsa cTtpaternm otbopa

+ pecypcbl CPU ana BocCTaHOBNAEHUA BTOPUYHbBIX BEPLUUH

G. Innocenti at the 15t ALICE 3 workshop

0.05}
0.04
0.03f
0.02}

0.01

dy(re) -

—background "

026.49 + 0.02 pm

AWHM/2.355 11.04

7 from €2

U9

]IIIIIIIIIIIII

%.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06d(()).0? 0).1

" cm

Q> QFf + a4t
Qf - Q0+ 7t
Q- Q + 7t
Q- > A+K
AN-=>p+n~



X(3872)

Tetraquark (49q)

X(3872) — otkpbIT BELLE PRL 91, 262001 (2003) i vl <12

OCHOBHbIE Uuenu:
N3yyeHune npupoabl X(3872)
N3yuyeHne mexaHn3ma agpoHu3aumnm

D° — D*° molecule

%

X(3872)

1.7 nb' (2018 PbPb 5.02 TeV)

10%E

£ CMS Preliminary pp (7 TeV, CMS)
~  PbPb (5.02 TeV, CMS) ¢ Inclusive
10 |yl < 1.6, Cent. 0-90% pp (8 TeV, ATLAS)
- m Prompt ly] <0.75
C e Prompt
- © Nonprompt
X AT + """""""""""""""""""""""
e — & ———— ¢
10l e )
10—2 lllll]lllllljllllllllll]lllll

G. Innocenti at the 1t ALICE 3 workshop P,
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Teopema Jloy

* Jloy 1958: amnantyga nsnyvyeHuA Lk
AONONHUTENbHOro GOTOHA CBA3aHA C ”j‘u P,
amnantyaom 6es3 nsnyyeHma GoToHa kg b

B npegene E,— 0

o P, Ptk //1;‘
* [lpamoe cneacteme KanMbPOBOYHOM '

P; P,
MHBAPUAHTHOCTHK B KTI1

€i1p1-€ é3pP3-€
M(p1p2; p3psk) = Mo(p1p2;p3pa) (( )

p1—k)*  (ps+k)?

amplitude elastic part photon part

O6o6uweHmne Ha cnydyan N yacTul, B KOHEYHOM COCTOAHUMN:

Ne2 o o dN L . B nnee(p-p,) dN
I?r(“zpr & Vv 24 3 3 3 ]77]7] rj p’ p] hadron
M(p,p>; Pspy--Pyk)=M,(pp,: P3P ..p‘v){g —} = d’p.d’p,.d p, E S - -
WPas PsBa-eFy O PP k d*k 27sz[ ST NS Ap k) py k) dpdip,.dpy

1

* [pnbos 1967: npun Kakmnx ycnosmnax GoToHbl Aat0T 6ONbLIOW BKAAA

o 0
p. -k =p, k(l—cosb)= pi0k7 = p.ok; 5 - Man, T.e. Manbie ky n yrbl 6



JKcnepuMeHTa/ibHble pe3yabTaTbl N0 MArKUM POTOHaM

dNE

2
dNT o -1 5. . nieiP;
— - 2 # ® @ ]
d3k (2:”') Egamma Particle i PIK
PacXoAMMOCTb
Experiment Year Ceor:gfg;n Photon pr Phot%naiigrems Detection method Reference
™p 1979 | 10.5GeV | pr<30MeVic ~1 bubble chamber | gPsMoR =t o 65 (1e79)
e 1984 | 70 GeV pr < 60 MeV/c 4.0£08 "”b'zg"E"é‘g;“be’ TR
e E;IPS NAzo | 1991 | 250 Gev pr < 40 MeV/c 6.4%1.6 bubble chamber |25 °e S a0
CERN, E;Ips e 1991 250 GeV pr < 40 MeV/c 6.9+ 1.3 bubble chamber |2 C ol oo
CERN. Wass, OMEGa | 1998 | 280Gev | PT=1ONEVE 7.9+1.4 calorimeter |paneriee Stal 62 (1993)
p-Be 1993 | 450GeV | pr<20MeVic <2 SUCEI, S
p-Be, p-W 1996 18 GeV pr < 50 MeV/c <2.65 calorimeter ;‘;;:‘gveg'd O
CERN, WK;F‘,I’, omega | 1997 280 GeV F < E, <1 e [BIESt ) pair conversion | L IR B 487 (1997)
CERN, WK;JF;,, omega | 2002 280 GeV S senll pair conversion | SER9 RN B o2 2002)
= WAP1%2, oMEGA | 2002 | 450 Gev Pr < 20 MeVic 41+0.8 pair conversion (Do d Pl Eta o 2002
cfé‘;NfD"élj_‘g;I 2006 | 91GeV (CM) | pr<80MeVic | 4.0+0.3%1.0 pair conversion 2o 00
C‘;}‘:&n;é’i;m 2008 | 91 GeV (CM) | pr< 80 MeVic ~1 pair conversion 25PN oo 2008

R. Reygers at the 15t ALICE 3 workshop

d3p:...d3pwn

Z.Phys. C59 (1993) 547-554
—~ T T T ¥ T T T T T T T T T
3
)
=
3
&
2
P—-
Z,
< 1
® BAF,y, =0
o BGO
bremsstrahlung, - 1/pr
(range = uncertainty)
;“ I | i i i 1 . n i i " i i
a 0 20 40 60 80 100
pr (MeVic)

B 60/1bLLUNHCTBE 3KCNEPUMEHTOB
06HapyXeHOo 3HaYnUTEeNbHOE

npeBbleHNne U3MepPEeHHbIX GOTOHHbIX

CNEeKTPOB Ha4 OXXUAgaeMbiMU
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Pe3synbtatbl DELPHI no markum ¢potoHam

N,/1 0°rad

ee — MU +ny

b) ® Data—-Ext.Brems
Int.Brems

o
TIITIIITTTTITI

a ddtdiat A

llllllllllllllllllllllllllllll+

Oi
s rs rlesxa largy
0.01 0.015 0.02 0.025 0.03

[T 9 g
0 0. 005 0.035 0.04 0.045 0.05
Yron BbineTta POTOHa OTHOCUMTENbHO UMMNYNAbCa MIOOHA 9, (rad)

ee — Up + ny
— HEeT pPacxoXAeHuA C npeacKa3aHnsaMU
— nepsoe HabntoaeHne «MepTBOro» K

ee — Z —jets+ny
— PacxoxageHue ¢ npeackasaHuamm B 4 pasa

— PocT 3HauMTeNnbHO 6biCTpee € POCTOM MHOXECTBEHHOCTH
HEeNTPaNbHbIX YacTUL,

— [pesbllweHne gna p;¥ <100 MsB

— [lpeBblleHne B OCHOBHOM A/1A Ma/ibiX MONAPHbIX YI/10B
OTHOCUTE/ZIbHO HanpaB/1eHNA CTPYU I’]Y >

Rate, 10™yjet

[02]
o

160

140

120 i
100 |
80 1
60
a0 |

20

ee —» Z — jets + ny

® Signal

A Brems

Rate, 10 %y/jet

5 10

Jet N

16
, Multiplicity

N charged

P photon

)

|-

jet axis

® Signal

N
W
(@]

- A Brems

200 —

150

Jet N, multiplicity

N neutral

DELPHI EPJC57 (2008) 499
DELPHI EPJC67 (2010) 343
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Kak perucrpupoBatb markme ¢poToHbI?

Shower Pixel Detector (SPD) pi'}: < p%adron ~ 300 — 500 MeV/c
<«— Time Of Flight

A (TOF) 10 ¢
9 09F
c E
| @) 0B E
¥100cm converter e o1f
tacker calorimeter E :
(8 o 3‘0'6 ~
p—( = r
smmu 1 |0 Fost
A + ¥ E
o4k
L, A04 g
p— -
___insert-able R -
conversion layer 02
01 i D
()A(): e I-~(—l..1’l.;l/l 1 1 - llll 1 1 1 11 II

1 2 5 10 20 50 100 200 500 1000
Photon energy (MeV)

N — E=myeoshy=preoshn—— 5,/GeV = 0.3 - B/T - r/m

< ~#00crn > y Ey (MeV) pr(MeVic) | r(cm)forB=05T
* lMpena: Tpekep 3NEeKTPOHOB KOHBEPCUM B 061acTh BonbLunX BbICTPOT 0 10 5. 3.
* TpyaHOCTM MeTo4a KOHBepCUU: 1 15.4 10. 7.
—  BepoATHOCTM KOHBEpCKM pe3ko cnasaet npu E, < 10-20 MaB 2 37.6 50. 33.
—  MHorokpaTHoe pacceaHne U MasieHbKMe paanycbl TPEKOB 3 101 100. 67.
3NEeKTPOHOB KOHBEPCUN ‘ 1000 v
e Uenb: n>3 E,~20-50 MaB P. ~ 5-25 M3B 4 273.
5 742. 32

K. Reygers at the 15t ALICE 3 workshop



PaccesaHue ceeta Ha csBeTte B UPC

Pb

Pb Pb(*) Pb

npeackasanmm CM

Events / GeV

“ATIAS: 200805355

—  3KCNOHEHUMANbHbIN POCT CEYEHUA VY — VY

—  0ocHoBHaA npobaema — poH oT doTopoxkaeHuA ° nap

I

5

MOHO 1 NPOABUHYTLCA B 06/1aCTb Ma/ibix Macc?

Signal region

e
ATLAS
Pb+Pb |/s,,, = 5.02 TeV

—e—Data, 2.2 nb”’ E
[ signal (yy — vv)
[CJCEPgg — vy

vy —ee

3 Syst. uncertainty

15 20 25 30
M [GeV]

N3mepeHnsa pacceaHue ceeta Ha ceeTe B ATLAS n CMS — noareepXaeHue

MonyyeHbl orpaHnyeHuna Ha ALPs (axion-like particles, akcmoHo-nogobHble
yactuubl) B obnactn macc m_>5 3B

—  XOpoLlMe NepcneKkTUBbl gasa Yy — Yy U3MepeHuii B 061actn macc

2< m.,, <5=Bwu m,., <0.2 =B

—  BO3MOKHOCTb OrpaHMyeHunit Ha ALPs B npomeKyTo4YHOM ob6nacTu

Existing constraints from JHEP 12 (2017) 044

LHC
Y =y +inv. (pp)
100'e"e‘—>\(+i 4 E
PrimEx
2019) 134826]
107" Beam-dymp (this paper)
10° 108
m; [GeV]
T T I T T T T [ T T T T ‘ T T T T
M=5.02 TeV, UPC
ALICE cuts
h”|7| <0.9, E‘{ > 200 MeV
1 1 1 ‘
) 33
PRD 99, 093013 (2019) M,, (GeV)



MBMGPEHVIE MaAarHUTHOIro MOMeHTa Tay-/Z1enTOHa

10

107

TeopeTnyeckoe 3Ha4YeHMe TOYHO PACCYUTAHO: iT777(q) = —ie vuFL(?) + z 0w d” Fa(q?) + 75(,qu/1:3((12)}
JN 2m 2m

sv: | aSM = 0.00117721(5) T "

CTaHAapTHbie MeToAbl CMTMHOBOM Npeueccun He paboTtatoT Pb Ze I@

|/|3M€p€HI/IFI npoBoAAT KOCBEHHbIMU METOA4aMU, HANPUMEP MO

T 0
CneKkTpy GOTOPOXKAEHUA ANNENTOHHbIX Nap ee — eett: T,r,T
Qr
Xopolue nepcnektusbl B UPC > @
Pb ¢ Pb

20

C == Existing measurement
a, Harvard06 (error bar x 109) |- i 8 . u -
== Theoretical prediction

PbPb — Pb(yy — tt)Pb, Y5 =5.02 TeV, 2.0 nb™!

SRI/T LBJL

Lo

= Sample (Yieldi ) E a,, BNLOG (crror bar x 106) | = PbPb— Pb(”y? - T’T)er (this work) _
= —— 1, 52,20, 5d,=0 (1.3e+03) 3 LHC \/Sax = 5.02 TeV

i ot ] ar DELPHIO4 - = : 2
_ 0 0015 2o ar 2 b7, 10% syst |- ——_—
; ; a- 2nb ', 5% syst |- S — . .
- | a-20nb ', 5% syst |- — —t -
? g SM a2 (error bar x 10%) |- W i
- ] SMEFT ared, ¢y — 1 | A2 H0GV A = 250 GeV |

bl b b b b i A Y T RS P P ST

—0.06 —0.05 —0.04 —0.03 —0.02 —0.01 0.00 0.01 0.02
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p,(1) [GeV] PRD 102, 113008 (2020) ar = (90— 2)/2 34
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3aKkn4vyeHue

ALICE 3 — cheaytowni war B 061acT GU3NKM TAXKENbIX MOHOB
— pPeBO/IIOUMNOHHAA TEXHONOTUS

— yBennyeHue ceetumoctu B 50 pa3 no cpaBHEHUIO C oXXMgaHMaMmmM Run3-4
boratas ¢usmnyeckaa nporpamma

— 3/1EKTPOHBI, POTOHbI, MaJible UMMNYNbCbl, MyN1bTMOYAPOBAHHbIE aJPOHbI
Lol K KoHuy 2021 roga, nepsble agaHHble B 2031 roay

MpeanoxeHna no puUsnyecKkon nporpamme n An3amHy geTektopa?
Yuactue NMMUAD B 3TOM 3KCNEpUmeHTe?



