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. RH ARG EERE=RET? At ARBSREXAS?
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173210
4180

[unit: MeV]
Heavy Flavour
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. HHAREERSEARE =S IHARBSRERAE?

« CKM 12820 ReER?

Vua  Vus Vb 0.9705 — 0.9770  0.21 — 0.24 0—0.014
Vea Ves Vo | = 021 —0.24  0.971 —0.973 0.036 — 0.070
Vie Vie Vi 0—0.014  0.036—0.070 0.997 — 0.999
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SEHRMESSIN R

» REFHEATIET

o KEFEHDREK: 1(BY) ~1.6 ps

=> a] Wil ZAIE KBoostLAE Il =
o BRSNS ELERRAE

» oJWHB® — B® #ici%

|My 5) = pIMO) + q|MO)

Mass Flavour
eigenstates eigenstates

Am=mH—mL

MG, PoS FWNP (2015) 001

o

e T[cosh(ATt/2) — cos(Amt)]
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» BLJ /mXiE/Z 1)

d(BB)~1nb
- IERABA Y FX
- I FRER e =2
- Epeam + tag B3R
- N +#

2022/05/19

= BeaE T X1
V4

(Z > bb)~0(10"H)nb @lHC A >
- ZHpbim—F-: o(bb)~0(10%)ub
B,B,,B., Ay, Ep, ... TN
- Ebeam + tag Bg"]ﬁi a yinlbﬂE?

- A tiF - @EEAboost
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BLJ)

HER RF
Collimators

HER Momentum

Region Collimators

12
LER SLM
LER Tune 1

Wiggler BaBar
HER Injection / Detector

/ ion ¢
Region Rogzlon

HENIT /]

LESIT [

10

LER 2 s
Injection " Ro%ton R-g;on
HER RF Tune

LINAC Region Roglon
9

LER Tune

RF, Feedback
HER Feedback,
Decoupling

Region

®
HER Tune, DCCT, BCM, Decoupling

LER Wiggler, DCCT, BCM

& HER : High Energy Ring
:‘ LER : Low Energy Ring
3
H

PEP-1l @ SLAC

. KEKB @ KEK
9.0 (e-)/ 3.1 (e+) GeV . Source 8.0 (e-)/ 3.5 (e+) GeV

~470 M BB

~770 M BB

7>
/O
BELLE

Collaboration Home Page

é.
COLOUR KEY ﬁ

[ Muon/hadron detector
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SuperKEKB #1 Belle li

e+ 4 GeV3.6A

/I’\lew beam pipe S upe I’KE KB

& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’\\
mamnen—. \
‘ M
v 4

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject

-y -

KEKB SuperKEKB

“nano-beam” scheme

L: 2x10%*cm™?s™1
— 8%103° cm™?%s71
THRIEN202559FERZ] 50 ab~?!
(Belle x50)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

p— 'h (end-caps , inner 2 barrel layers)
- P

EM Calorimeter
Csl(T)), f pling

—

S | |5
— y Particle Identification
electrons (7 GeV) S > Time-of-Propagation counter (barrel)

Prox. focusing Aerogel RICH (forward)

Vertex Detector o e a
2 layers Si Pixels (DEPFET) + | v i ~8
4 layers Si double sided strip DSSD '/

£

— positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

D

O

Beam squeezing: x20 smaller at IR

2022/05/19

3SH24H KM HRE, £/ R
https://indico.ihep.ac.cn/event/15900/
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LHC
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INA=—!
He g2

13 TeV / EHK 27km
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KELgXIEL

LHC

27% b/b

49% b/b
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LHCb MC

LHCb MC
/s =14 TeV

o(bb):200~500 ub @ 7-14 TeV
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LHCb

Integrated Recorded Luminosity (1/fb)

2022/05/19

N WA OO N 0 O

N

ﬁ\ Beam 2
N\

JINST 3 (2008) S08005

2010 2011 2012 2013 2014 2015 2016 2017 2018
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- Int.J. Mod. Phys. A 30 (2015) 1530022
E ° 2016 (6.5 TeV): 1.67 /b |

:_ 2015 (6.5 TeV)i 223 :ﬂ:

L § e . | Vertexres. op = 20 pm

E LRprenIu e I Time res. o, =45fs forBY > J/Ydor Dim~

]

g \ I I Momentum res. Ap/p =0.4 ~ 0.6% (5-100 GeV/c)

f i Lst / |

g /’ﬁf\\q{‘ /\ 7 ’&' <Y Mass o, =8MeV/c? forB - J/PX

C 7, .

X '@6)’ /‘K@’@' AP @y ! Hadron ID (K-> K)~95% mis-IDe(m— K)~5%

iR D\ 4 '(S » g

5 o”; - / b‘& ! Muon ID gu-p) ~97% mis-IDe(m->p) ~1-3%
E J ad ' ECAL res. AE/E = 1% @ 10%/./E (GeV)
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LHCb Upgrade |

Side View ECAL HCAL
M3
SciFi  RICH2 L
Tracker
b
(= [}
@) p « NN SE——

L:4%103%2cm™2s71 5 2x1033 cm 2571

11XIZI20309EE8EL 50 b~ (~ A X5 )
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TSN

» Win + HRNEE

R=p/(qB)

REE7TTE — BT g
[REEERZ e p
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l360
p [GeV/c]

a 1 . N 1 .
100 200

7ooo [ Py |

=/ . Typical pofselected B+

Y

107
=
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LHCOERER RS

Upstream track
71 2718
VELO = — Long track
||Qf
~N
VELO\track ~_Downstream track
/
T track
VELO 1T IT+OT
Vertex Locator Tracker Turicensis Downstream tracking
Silicon strips Silicon strips Silicon strips + straw tubes
Up@de Up@de Up@de
PIXEL VELO uT SciFi
Vertex Locator Upstream Tracker Downstream tracking
Silicon pixel Silicon strips Scintillating fibers
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MREE

» BESBAFIERET 1(B) ~ 1.6 ps
o W& (PItiEInR ) 2= (ORKRIn ) o] ®iT—ERiEE
o JLBEREKEILEZER, BURFboost
» mEREEMBENZTIRNEESEZE =T nm
o REMBEI00umLA, BEE ALK

« WREESHIER (pile-up), ThaRMZEAEX D HAREPY
gewwﬂld'z
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VELO TR RS

. IR ﬂ?&?aﬁﬂ%%}’“ R
TS HIPY PERR i

- BRRBEES
o Doy ~7x10M - 8x101° n,, cm ™2
o FMEHRED:

* RF foil 150um

* RuEEsL

cross section at y=0 390 mrad 70 mrad

: ””_Mﬁé&ﬁiﬂ .

ZH ‘ ’ HHH H B 6
N\ te raction region showing

X Opeam ™ 12.6 cm

ASIC

(veloPix)

~15 mm

ASIC

(veloPix)

ASIC

(veloPix)

< .l 6cm
Microchannels fof-., ealn .

CO2 circulation *, (stable beamns)
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UT Er 2 ERzS

. IRE R BRI RS —

T1 T2 T3

al

g (A AN =
o Ko, A FHFHanic, olge KIHVELOA R
VELO Long track
I
VELO track Downstream track 1 1
(SRS
. AR R ui
—+ “« 7 Z M) Vi B
o LD "B | PR EZFaAEE
80'6-"""""""""' 80'6-"""""—.—' ]
s L, —— forward S [ —— forward —e
gﬁ 0.5 ;—. —e— forward (with UT Hits) M +++# ﬂfm ; _;?D 0.5 ;— —e— forward (with UT Hits)_.__'_ _._+ _:
04f AT 3 04F . . 3
0.3F. = 03 = =
0.2 — .°""~. = 0.2 — - -
" 4 - e — .
- N st +"¢*¢m+*w ok — :
r LHCh simulation ] E - LHCD simulation ]
O:...|...|...|...|...:><1' 0:....|....|....'
0 20 40 60 80 100 0 5 10 15
P [MeV/c] #PV

2022/05/19 Detector for Flavour



UT Ll inzs

-SRI ES IR ES

UT Stave
Module

ASICs

Hybrid

Sensor \

Flex cable

Data
Contro
|
Board

Module Support

2022/05/19

1719 mm

[

£

3

1528 mm
Sensor| Type | Pitch,ym | Length, mm | Strips Sensor #

B n-in-p 9315 98 1024 48
C n-in-p 93.5 49 1024 16
D n-in-p 93.5 49 1024 16

Detector for Flavour
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6 metres

T T2 T3

5 metres
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NS5l

B /55 RN + B Eaess
ZF 93?%’“ IZs (=208 )

P /K/m?
. IEHRERIR > 6=

(!

L]

(il

\.ﬁ'\i;; \\\\\\\\
Stlicon ==~
Tracker A
Eﬂ@@ﬁfﬁ@[ﬁfﬂ@@lﬁ)@ﬁﬁé ,
Calorimeter
Calorimeter Superconducting A 4 /
Solenoid Iren return yoke interspersed /
with muon chambers '
Muon Electron Charged hadron (e.g. pion)
= ==-Neutral hadron (e.g. neutron) ----. Photon
2022/05/19 Detector for Flavour
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Cherenkov Angle (rads)
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T B 58—

L123EE}]$96/£|:

IOANE ﬁi’,{u,u
PSS SEVIES
22 >C|E/dX

KATHIEERNIES > RE

220
0.045
180
0.04 160
0.035}=
0.03f 100
» 80
0.025 o0
0.02 40
20
0_015 Il L 'l 'S 4 11 l 4 4 'l 'l 'S 4 11 l 0
10* 10°
LHCb RICH Momentum (MeV/c)
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dE/dx

10

CDC-dE/dx distribution and predictions

- hadronic events
- tracks from IP

B el | 1 P SR arl | IR o [l O . O B

107" 1

Belle Il CDC
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LHCb PID{ERE

i
VA

» 2-100 GeVAIESEEA: K&

Sl
\

28

o0
.|.

~95% / pion MisID ~10%

3‘ 1.4pr—r—v—p—r—r—"——r—r—r"1T-"r—"1r"—"T"T""T"T" o 14 - ; i . T . . . . T ; . . .

o LHCb Data O- O Alogh(K =50 % ,E LHCb oo Alogl  -m>0 ]

© e m AlogL(K-m>5 § “C Vs=8TeVData e m Alog L NCE >3 .

E ~‘-h:-l'-"~"‘""‘r"’h-k.'~ E 1 :— OO0 OO OO, 'O"—O——o—_:

0 :_-‘w-o—o-...-.—o—o—o_._,._—o—w 7

C e —e ]

0.6 -

04F evsm =

02F Toe -

i ¥ 0 W R

20 40 60 80 100 50 100 150

Momentum (GeV/c) Momentum (GeV/c)
g 1- ' (B | ] g 1F= R I | ' \ ' ]
= [ ey ..';"::r::k..,m'” LHCD - = N teac LHCD -
8 r B & . ]
‘o 08— -4 p 08 . .
S 0qr . B .
e O6j '.. X ] S 0()? ) a -
o r UVST = @ 2 C pvsm S
g 04+ o 2 04 M
e ) g R
02 + AlogL(u-m e 02F Alog L(p -m) p
-+ ProbNNu \ ] -+« ProbNNp ]
0_ I N S T T i 0_ L P R R e R L

0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1

Signal efficiency Signal efficiency
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BRiEHRC Flavour Tagging

. BERHEE AN TR S TR PRI B E 5%

. EEMEB T A IR TR . e Rl
5 - SYA S : o Tagged unmixed
Acp(t) = LBLO 2 1) T (Bi®) = 1) R i’ Wit
L (BY(t) = f) + T (BY¢) — f) £
_ Sysin(Amt) — Cfcos(Amt) 5 = TN
_COSh(AFt)+AAFSIHh( ) glee 5o
s
» KEfRC & ENIENR = Nright + Nwrong
« FRMEREE tagging efficiency Nrigng + Nwrong + Nuntagged
o IZFRICE mistag probability "
. BRIFRMCR effective tag. eff. W = —

Nright i Nwrong

2 2
Eoff = Etag D™ = €tag(1 — 2w)

2022/05/19 Detector for Flavour
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RiEfRCRIE

Same side (SS): exploit the charge of the fragmentation particle (pion, kaon, proton)
produced next to the signal b-hadron in the hadronisation process to infer its initial flavour (¢=0)

SS Kaon ,
SS Proton Sngrnigl Decay
B SS Pion
£ 0
[ \ B
‘\ . ‘ Same Side

Opposite Side
OS Kaon

OS Muon

OS Vertex Charge
OS Electron

OS Charm

Opposite side (OS): exploit the charge of the particle (lepton, kaon, charm decays) or of the
reconstructed secondary vertex produced from the other b-hadron in the event to infer

signal b-hadron initial flavour (t=0)

2022/05/19 Detector for Flavour



FT{ERE
« FTgeSeTRKSEX

= OS taggers:

1.0

Tagging efficiency, etag

2022/05/19

Tagging algorithm performance from
B? — DsKnm and BY) — mm(KK) Run 2 data

o o o
£~ (=] [o=]

Effective tagging efficiency, cef
Tagging efficiency, ciag

©
[N}

0.0

0.1 0.2 0.3 0.4 0.5 0.0

Mistag fraction, w

Detector for Flavour

good mistag / low decision rate
=SS taggers: modest mistag / high decision rate

.
/ 4 °
R
0.0

1.0

LHCb B® — D*D~

0.8

Py LHCb BY — Jpo

o
o

o
~

o
()

0.1 02 03 0.4 05
Mistag fraction, w

Effective tagging efficiency, cef
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SRR PN

BRELAREZ
o WIRERUERTB BB RSEE M AR A !
» BALHCb FEIRSEAKFATLAS/CMS, flAZFRE

(!

&l

high level-1 trigger high no. channels
. leve | 1 rate (1 MHz) * high band width (500 Gbit/s)
A C (Hz) . 10°
':g 3000 :— LHCB O
2 o0 aw Al
‘3 2500 — 10° T
2 - 1 billion people '
= 2000 - surfing the web ﬁ CDF lla
3 L KLOE DO lla
[ C A
2 1500
g L high datg archive
5 - CDF (pet3byte)
= —_
w 1000 — 3
- - 10 T —
£ - ZE ALICE
500 —
r 7 NA49
S I L PR
10h 13h 16h 19h 22h 01h  04h 10 10° 10° 107
Date: 2011-10-08 LEP 6 event size (bytes)
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LHCORAZ RSTEN=I

AT A4 gE—HinE=EET?
o IMHZIEHANA . fisa R SHESSE MRUAIEM 1
- RNBFSHRES,; BRslieHanmb

THRoRiE : RERRIE R ! T el %S

LHCb Run 2 Trigger Diagram LHCb Upgrade Trigger Diagram

25 - T

%

° DK

(!
Trigger yield (Arb.unit)
N
I T . -

L]

< 5 LU AL

LO Hardware Trigger : 1 MHz Software High Level Trigger
readOUt' high . Signatures [ Full event reconstruction, inclusive and }
e i i i i ions

xclusive kinematic/geometric selection
450 kHz 400 kHz 150 khz

h+ H/pp e/y : O

Software High Level Trigger

Buffer events to disk, perform online

detector calibration and alignment

L

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online Add offline precision particle identification
detector calibration and alignment and track quality information to selections

. Output full event information for inclusive
]‘ triggers, trigger candidates and related

primary vertices for exclusive triggers

[ Full offline-like event selection, mixture

of inclusive and exclusive triggers

T IF & 3 IO OO
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B Yo i
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0.5
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e
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15 oo b b v b v b b by 40 ]
-1.0 -0.5 0.0 0.5 1.0 15
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2009

p

2.0

2021

15 7 [T T 11 | T R T | AL L
: excluded area has CL > 0.95 | 2 :
1.0 — —
- sini2p -
0.5 — __
. i
e Ea —
| a |
0.5 -
1.0 &
- fi r E sol. w/cos2B<0
~ Spring 21 : (excl. at CL > 0.95) —
15 Coavoa oo b b v b by o 0]

-1.0 -0.5 0.0 0.5 1.0 1.5

Detector for Flavour

2.0

(65.4%33)



Tension with SM?

» —HRIGAEERZTIBEHNE 2 R5SME2-3sigmaliZE ik

x19>_[Phys. Rev. D105 (2022) 012010)
0.7

I T I

+3_ |- contours ¢ onTespond to 68‘7 95%, 99‘7 CL regions B d(’f
P e o g* = dilepton invariant mass squared
c‘2?0.5_— —omp! i‘m L2 " L D Y
04+ - . LHCb Run 1 + 2016
6 N ﬂ 1 SM from DHMV 5
: 0.5 =
e . apl [PRL 125 (2020) 011802] 1
o . oF ]
0 T : N/ | x10 K —— ]
0 1 2 3 4 5 i 6 B —~ ]
B(B;,—utu- - A — .
Bi—uu) _osf + z % 5
. :'-"|""|""|""|""|""| : |: ~ } ;-'—*—' :
Q’? 1.0 ;_l.*f ......................................... B e __ ~1 . T .| e N _
0.8 F I ] 0 5 10 15
i ] 2
. 1 E ¢? [GeV?/ 4]
061 ® LHCH ]
[ BIP
04 v CDHMV ]
- [JHEP 08 (2017) 055] B EOS ]
02F ® flav.io
[ LHCD e IC 1
(m'....l....|....|....|....|....| o _
0 1 2 3 4 5 6 b b
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E{ /N S

» RERSHREES
FTIEE AL e & |

BI1J

. ¢
@ SuperKEKB
D
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Attribute T (49)

All hadron species

High boost

Enormous production cross-section
Negligible trigger losses

Low backgrounds

Initial energy constraint

NANE

N NN

@FCC-ee/ CEPC

Z1)

@HL-LHC

@ CMS
%!&I&ﬁé '
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Higgs ] f0Z1J

= CEPC
o JEH< ~100km
o JROEEEI0 ~ 240GeV, oJHEKE360GeV
o =4 100 Higgs, 108W, 1012Z
. 2012 9P ERIFRIETD
= FCC-ee
o 80~100km
« EHL-LHCEREH1GEIR

i

&l

Positron Ring |

Electron Ring

e*e- Higgs (2) factory
Ring length ~ 100 km

2022/05/19 Detector for Flavour

J (RF)

-
=
P

104

102

Gym)

e+e' cross sections

1 eV

800 1000
Vs (GeV)

D (RF)
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LHCb —FAFER

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

% Upgrade la Upgrade Ib [ Upgrade Il P

current LHCb — Upgrade | —— Upgrade Il—»

» 5753 M A HL- LHme, firn
LHCbit+&1 ~ 2031317 NE EW
0, H?E'F'H]LEEETEEZSEi gm-_ @ ?} _§1sof__§’
1.5%x103%cm™2s71 . g E

» BN SERIA 300/fb £
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PN UE NS T

» BEEPh R AR TS AER
» BEZALIR IR

» B ARREMERE

» IR AKHIEHEIERE N

v B
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VELO

Run 1-2  Upgrade | Upgrade Il
Luminosity / year[fb™"] 2 ( ~ 50
Pileup 1.8 7 ~ 50
Integ. Fluence [MeVng,/cm?] 4.3 x 101 8 x 10®> 6 x 10%°
Readout rate [10° hits/s] 600 ~ 4500
- Time [ps] 25 - T‘:‘:[;’S]
: I 1000 2.5‘ ‘ Time [ps]
— /// . 15
= B = 500 3 - J Time [ps|
E o= Aﬁ\ O@;Qm@mmo — dt =30 ps g / y // I 15
> /BN L2 e 0 > = ‘/ A 10
: RN -2. E 0 ,g_/j/,/p"~ 6 5
‘ N -500 x %\ 0
2520 0 120 \\\\ |
A e 2520 a 0 120 I_10
. z [mm] -15

= 4D tracking sensors required!
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Mighty Tracker

UT:
HHFEREMmauTa
AT UNREGESR;
SR

SciFi:
FEERREBD T EN
=& Ulb/UlIZRE

0 2 4 6 8 10
(m)
Stave

( ) Plane

£
£ 2
o [ e
d ]
] A "3
% CMOS ===
3 ° | —
: S— > — —
@ @

as Sensors
[&———— — 12 staves, ~1672 mm —— |
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PN E

ey | BOE || B | e -

SR
k.

LHC (2018) Facebook™
science data g Uglsdes SKA Phase 1

300 PB (2023)
science data

300 PB

Google A &
Internet archive 1 ' HL-LHC (2026)
~15 EB SKA Phase 2 science data
\ (mid-2020s) 1EB
science data
1EB
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