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The LHCb experiment
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Origin of LHCb: 1995

CKM matrix (quark-mixing matrix)
& the unitarity triangles

CERN/LHCC 95-5

1HC-B = &

25 August 1995

Last update
28 March 1996

LETTER OF INTENT

A Dedicated LHC Collider Beauty Experiment

for Precision Measurements of CP-Violation

Abstract

The LHC-B Collaboration proposes to build a forward collider detector dedicated to the study
of CP violation and other rare phenomena in the decays of Beauty particles. The forward
geometry results in an average 80 GeV momentum of reconstructed B-mesons and, with mul-
tiple, efficient and redundant triggers, yields large event samples. B-hadron decay products
are efficiently identified by Ring-Imaging Cerenkov Counters, rendering a wide range of multi-
particle final states accessible and providing precise measurements of all angles, a,3 and v
of the unitarity triangle. The LHC-B microvertex detector capabilities facilitate muiti-vertex
event reconstruction and proper-time measurements with an expected few-percent uncertainty,
permitting measurements of By-mixing well beyond the largest conceivable values of z,. LHC-
B would be fully operational at the startup of LHC and requires only a modest luminosity to
reveal its full performance potential.

d (3 b
C g (P, 1)

0,0 (1,0)

Apply unitarity constraint
to these two columns

... dedicated to the study of CPV
and other rare phenomena in
the decays of Beauty particles.

... precise measurements of the
CKM angles ...
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Physics at LHCb (now)

» Indirect search of BSM via precision measurements

- CKM CPV and rare decays in b and ¢ hadrons
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The LHC b d ete ctor f::ISJT &gzdc?opagys;(.)iogg (2015) 1530022

gg::i'on mf - spn;pgu Pseudorapldlty coverage
T3QRICH2 1 2 < n < 5
Beam1::pef Beam2
ﬁ _________ "'. .
VELO silicon strips NN\ b
| | LHCb MC
I /s =8 TeV
[

Vertex:

Time: o, =45fs for BY - J/y¢ or DIm™
Momentum: Ap/p =0.4~0.6%(5-100GeV/c)

Mass : om =8MeV/c*  for B - J/PX (constrainted my )
HadronID: &K - K) ~95% mis-ID e(mr -» K) ~ 5% A detector at the collider
Muon ID: eu-u ~97% mis-IDe(m—->u) ~1-3% which looks like one for
ECAL: AE/E =1 & 10%/./E (GeV) fixed-target experiment
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Pros of hadron spectroscopy at LHCb
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* Large production cross-section

* Efficient trigger

* Vertex locator with high precision
* High precision tracking system

* Powerful hadron identification

* Efficient muon system

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2016
https://twiki.cern.ch/twiki/bin/view/LHCb/ConferencePlots
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https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPlots2016
https://twiki.cern.ch/twiki/bin/view/LHCb/ConferencePlots

Integrated Recorded Luminosity (1/fb)

Data taking (runl+run2)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

L 2018 (6.5 TeV): 218 /1b
L 2017 (6.542.51 TeV): 1.71 /b + 0.10 /b
o 2016 (6.5 TeV): 1.67 /ib

2015 (6.5 TeV): 0.33 /ib

o 2012 (4.0 TeV): 2.08 /fb

2011 (3.5 TeV): 1.11 /ib
2010 (3.5 TeV): 0.04 /ib
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> A huge amount of bb and c¢
have been produced

e ~ 1012 pb
e ~ 1013 ¢c

» Many impressive results
have been achieved

More than 9 fb~1

accumulated
InNn Runl+Run2



Large bb (cc) cross-sections at the LHC

proton - (anti)proton cross sections

o(bbX) ~ 0.2%

inesl

~10'! b-hadrons per fb~1

o(ccX) ~ 4% X

inesl

Opp »

~101% c-hadrons per fb~1
All species of heavy flavour hadrons:
B°, B, B*, B}, Ay,
D° D%, D AT ELF P,

]/, P(25),
Y(nS), ...

2019/11/23

A huge charm factory
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Reconstruct heavy flavour decays at LHCDb

~200 prompt tracks in acceptance

Primary Vertex M,

Displaced Vertex

Detached tracks

2019/11/23 iRt , BEAXFERYEAR T
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Charmed baryons at LHCDb

» Prompt production » From b-hadron decays
* Large cross-section =» Large sample size * Sample size relatively small
* Background level usually high * Background level relatively low
y Chal‘m bea
NNTHEN NNny ch
Primary Primary mm’ ~ ‘ar,
Vertex charm Vertex b-hadron
vertex vertex charm
vertex
Detached tracks Detached tracks

2019/11/23 iRt , BEAXFERYEAR T 11
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Singly charmed baryon
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Lifetimes of charmed baryons

» Known much less precisely than lifetimes of charmed mesons
» Test of HQE In particular on higher-order terms

» EXxpected lifetime hierarchy
t(EF) > t(A}) > 1(&2) > ©(n?)
* Consistent with measurements by previous experiments
» LHCDb can significantly improve these measurements

o 442 4 26
Af 200+ 6 PDG2018
50 112*33

02 69 + 12

2019/11/23 2R, BERFSERYEBEHARFO
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Measurement of the 22 lifetime

PRL 121 (2018) 092003

iR, BFEXRFERMERAR PO
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Measurement of the 2? lifetime

> Data sample: Runl (3 fb™1)

» 12 from semileptonic decay 2, — Q22u" v, X
* 0 - pK~K~m* decays used to reconstruct 29

» 10 times larger signal yield (978 + 60)
compared to previous experiments

» D from B - D" (K n*n*)u~v,X used for
reference, measuring the lifetime ratio
Tﬂg = T_Qg/TD+
to reduce systematic uncertainties

» Result incompatible with the PDG value (69 fs)

2019/11/23 iRt , BEAXFERYEAR T

PRL 121 (2018) 092003

- LHCb ~+ Data

ﬁ lv+l +l.l

T lT%//\\m%ﬁ 7}
I | | I | L

Candidates / (2 MeV/c?)

— Full fit
— Q’pK Kt
Comb.

1 1 1 Il 1 1 1 I 1
2660 2680 2700 2720
pK K z* mass [MeV/c?]

Signal yield / 0.04 ps

" LHCDb Q,—Q%u vX

+ Data

. = Fit

- + - 1=69 fs

o 02 04 08

.Q.g decay time [ps]
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Measurement of the 2? lifetime

PRL 121 (2018) 092003

t(22)
(D)

=0.2581+0.023 +£0.010 =

T(22) =268 +£24 £ 10+ 2fs

» New charmed baryon lifetime hierarchy
t(EF) > t(02) > t(A}) > ©(&2)

PDG Average —e— LHCb, 2,»20u"vX Z! (PDG) —e—
2% pK K n*
A (PDG) =
FOCUS [2003] -e-
59 (PDG) —e—
WA89 [1995] —e—
E687 [1995] d — Q7 (PDG) —e— —e— Q7 (LHCb, 2018)
0 200 200 0 200 400 |
QY lifetime [fs] lifetime [fs]

2019/11/23
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Measurement of the A}, ZF

PRL 121 (2018) 092003
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and =7 lifetimes
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At X and E? lifetimes: strategy
PRD 100 (2019) 032001
> Same strategy as 29 lifetime measurement

0 +, —=
» Data sample: Runl + Run2 Ab — At VHX

» H. from semileptonic decay Hj, - H.u" v, X - A - pKTn?
e H. = A} EF or £O Eg —> E:u_ﬁuX
« Hy = A),E) or & T
> D* from B -» DY (K n*n*)uv,X used for _ Hf -
reference, measuring the lifetime ratio Zp = Sl VA
o = To/Tp+ ~ 20 S5 pK Kt

to reduce systematic uncertainties

2019/11/23 iRt , BEAXFERYEAR T 18



At EX and 22 lifetime: mass fits

» Signal: sum of two Gaussian
» Background: exponential
» Much larger signal yields than previous measurements

Candidates / (0.5 MeV/c?)

3<1o3

—
o
T I T

%))
T I T T T

- LHCb

P T !

—+-Data

— Full fit

— Ai—=pK a*
Background

40x

[ Lo e

2240

2260
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2280 2300
pK 7* mass [MeV/c?]
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Candidates / (0.5 MeV/c?)

\®)

—
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— Background
=
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"v‘\“—va !-‘-'-vvnﬂ"‘#

1 1 1 1 l 1 1 1 l 1 I 1 1

2440 2460 2480 2500

pK n* mass [MeV/c?]

iR, BFEXRFERMERAR PO

PRD 100 (2019) 032001

—_
%))

Candidates / (0.5 MeV/c?)
o
(6)] i
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S LHCDb ~+-Data
i — Full fit
I — E—»pK K n*
Background
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=
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PRD 100 (2019) 032001

Ar, X and z? lifetime: decay time fits

_ LHCb B—D*u vX

- LHCb A= AGUX

—
Q
T

+ Data
—Fit

ry+ = 0.1956 £ 0.0010 £ 0.0013
ro+ = 0.4392 £ 0.0034 =+ 0.0028
r=o = 0.1485 £ 0.0017 = 0.0016

Signal yield / 0.02 ps
Signal yieltl/ 0.02 ps
o

-
<
I\l

ST T R RN SR S TR NN TN SR S N S SR S S SR S
0 0.2 0.4 0.6 0.8 1
A} decay time [ps]

T+ =2035+1.0£ 1.3+ 1.41s

S 53103 ~ LHCD Ey—>Eou VX
T+ =456.8 £3.5+£29+ 3.1 fs S =" o
Tzo = 1545+ 1.7+ 1.6 £ 1.0 fs g §

| | ' . L . . ; | . ; |
1 15 0 0.2 0.4 0.6
=7 decay time [ps] =% decay time [ps]
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PRD 100 (2019) 032001

lifetime: decay time fits

At EC+ and zg
» 3-4x smaller uncertainties for
442 + 26 456.8+ 3.5+ 2.9+ 3.1 T+, Tgt, Tzo than previous world
Aj 200+ 6 203.5+1.0+1.3+1.4 average
9 112+13 154.5+1.7+1.6+1.0 > Tyo IS 3.30 larger than previous
09 69 + 12 268+ 24 + 10 + 2 world average
» Tpo IS 6.90 larger than previous
£ (PDG, 2018) —— .| |ich. 2019) world average
A; (PDG, 2018)=
| A¢ (LHCb, 2019) T(HC ) > T(A+) > T(Hg) > T(QO)
Ze (PDG,2018)==" . -0 | jcp, 2019)
-
@ (PDG, 2018) = ——— 27 (LHCb, 2018) T(._.C ) > T(.QO) > T(/l+) > T(:g)
0 200 400 600
lifetime [fs]
Bikfs, FEREFERYEHAR DO 21
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Observation of excited 22 baryons

PRL 121 (2018) 092003
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Five narrow excited 2? states all at once

PRL118(2017)182001
+ an evidence for 6" broad state at high mass

[2*0 - E'l' K_ Resonance Mass  MeV) [ ( MeV) N, = +JAx2
I I | |

. —e -— 23000 3000440240122 45406403 204
%zﬂm; LLHCb h (2.(3050)" 3050240140177 08402401 204
b= ! P - < 1.2MeV,95% CL
= : : — Fll it | 12.(3066)" 30656+ 0.1+03%7  35+044+02 239
: 300_— . --- Background £2.(3090)Y 300024+ 03+ 057 ST+ 1.0408 211
:LC; i : Feed-downs ~ _ 2,(3119)" 31191+ 03+ [].gt::_; 1L.1+£08+£04 104
o - . B =] sidebands - = 2.6 MeV.05% CL
gs i . i

= Ul T ok {l . r .
g 200_ i ] ...}r (-{IHH'} I.JF].H'H :I: 2 :I: 1!.{ h” :I: 1 :I: ].1 6.4
© i - . 35

. . Belle, PRD97(2018)05110%
+ t |

25

_
S
T

E/F K~ threshold 20

|
‘. - l |||‘ (IWh +
: l ‘ ‘ “| “‘“I‘“H Im | ‘ H “ 152 ilulrl 'm . ||'|. ‘ ul"'i bl |||! I||‘E'!!!LF|LI“I IL;Ii I I
0 .12“ .| ' .“" . g .: | ; .‘ il' ‘IF" il "L"i'fi*'i::‘ﬂ;!é". ad :'il o ,].lli

3000 3100 3200 3300

m(Z7K ) [MeV] T80 3 "3.15'2' 32 325 33
M(ZK) (GeV/cd)
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New excited 29 states in Ef K~ s

. . . PRL118(2017)182001
»Not clear which state 1s which
»Spin and parity need to be determined
o E
= N NS =
v v AL A =
TN (D210 2 UD)ECE ] = 0 (3090)0
2 \ ............................. R Sl
= s e m i i e 00(3066)°
7 e R 2:(3050)°
’ 2 3 2.(3000)°
_ E
L drd o =
S S P P P P P D D D D D D )
j 1 1 O 1 1 2 2 1 1 2 2 3 3
g3 Iy 3osSoroyysyosor
2 2 2 2 2 2 2 2 2 2 2 2 2
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Doubly charmed baryons
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Theoretical calculations of &,
El. Afe—Es 57

“‘(T(f

» Many models calculated the masses < S
- m(E/7") € (3.53.7) GeV, m(2},) ~ m(E.) + 0.1 GeV @ @
« Mass splitting between £/, and z};: a few MeV

M(E,) ~ 3.6 GeV, M(Q}) ~ 3.7 GeV

> Lifetime: t(E}) > ©(EL,
« T(EXH) € (200 — 700) fs
« T(E}) € (50 —250) fs

Emoi Cbredicted =5 mass o 1 HQET: two charm quarks
e 1 considered as a heavy
wpZe TN @ . =7 diquark, doubly heavy
eof T 0T e 4 baryon similar to a heavy
35502— o Ty — meson Qq
3500 —DDDDDDD ------ =
SO

2019/11/23 iRt , BEAXFERYEAR T 26



Experimental efforts: SELEX

Ece & AEK™ T PRL89(2002)112001
»SELEX (Fermilab E781) collides high energy hyperon s -
beams (X7, p) with targets, dedicated to study charm 3 10
baryons s -
»Observed £}, in £, - AK~ntt (Ng = 15.9) 54 w
and £f. - pD*K~ (N; = 5.62) decays RERTIRaN |J|U njj
* Mass (combined): 3518.7 + 1.7 MeV/c? . Hﬁhl i o ‘
S ST Ecc > PDTK™  pige2s(2005)18
ome significant puzzles of SELEX results

(1) pD'K’
peak mass: [ 4-bin Poisson Prob

* Too short lifetime: T(£}.) < 33 fs @90% CL, but not zero

—AF +
(~cc)><B<~agrl+)/‘ KD~ 20%

* Mass lower than expected

Events/2.5 MeV/c?

35 3516 MeV || . <64x10"
Al Lic>10

W

* Too large production: R =

No evidence observed by FOCUS, BaBar, Belle, and LHCb MM

%46 348 35 352 354 356 3.58
M(p 0" K)

2019/11/23 2R, BERFSERYEBEHARFO 27



Observation of £/ - ATK ' n™

PRL 119 (2017) 112001

» Suggested by theorists [Yu et al., Chin.Phys.C 42 (2018) 051001]
> Significant structure around 3620 MeV/c? in the 2016 data (> 120)

70) |m =3621.80 + 0.72 MeV/c?
0 =6.63+ 0.82 MeV/c?

» Confirmed in the 2012 data (>

70
60

N 1 T T T T T T T T T " ]
S 180F 1HCb13TeV [Ny = 313 + 337
+ Data .

50
40

Candidates per 5 MeV/c?

3500 3600 3700
m_, (Z) [MeV/c?]

30
20§
10F

— 1 T 't . T 1 T r ]
LHCb8 TeV ~ Ngjg = 113 £ 217
-+ Data I _:
— Total =
------- Signal | *E
---Background | o
c.oo0 o A e
3500 3600 3700

m_, (Ze) [MeV/c?]

2019/01/10 Zhenwei Yang, Center for High Energy Physics, Tsinghua
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Comparison with SELEX PRL119(2017)112001

Am = m(u )LHCb — m(E:c)SELEX

> Large mass difference, B 30F CHOH 13 TEV gt

inconsistent with being S 3001 BV b S

Isospin partners: E s +-Data SB -
Am = 103 + 2 MeV/c? w <OF
. 200k
»Production: N(&..)/N(A}) g 2k
much smaller in the LHCb S 150F
result than that in SELEX g F
© 100 =

505—4} oy, i | ]

R l RV :

B00 3200 4500~ “de00 3700 3800
m(E) [MeV/c2]
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Measurement of the =} lifetime

» Use the same sample as the observation of 5% - ATK nn*
> The A) - Atn~ntn~ decay used as reference

T=++ = 256+ i 14 fS

=cc

Confirmed it is the weakly decaying ground state

Source Uncertainty (ps)
Signal and background mass models 0.005
Correlation of mass and decay-time 0.004
Binning 0.001
Data-simulation differences 0.004
Resonant structure of decays 0.011
Hardware trigger threshold 0.002
Simulated =1 lifetime 0.002
AY lifetime uncertamty 0.001
Sum in quadrature 0.014

6-—-++ _(1;" T )
Fosr(O) = F () X == x @ \'5 "3
cC 0

Candidates / (0.095 ps)

PRL 121 (2018) 052002

60F
50
40f
30f
20
10

. C T BRI
0.5 1 15 2
Decay time [ps]

2019/01/10 Zhenwei Yang, Center for High Energy Physics, Tsinghua 30



Measurement of £ production X910 11316

Submitted to Chin.Phys.C

> Data sample: 2016 (1.7 fb~1)

» Selections almost the same as those used in the observation

> Relative to A} production - G(EH) x B(E+t = AP K-rtrt)
o(AF)

» Three lifetime hypotheses used

R[10-
Category Tz++ = 0.230 ps Tz++ = 0.256 ps Tz++ = 0.284 ps
TOS 2.90 £0.57 £0.49 | 2.57 £0.51 £0.43 | 2.31 £0.46 +0.39
exTIS 241 £0.35 £0.34 | 2.11 £0.31 £0.30 | 1.88 £0.27 £0.27

Combined | 2.53 +£0.30 £0.33 | 2.22 +0.27 £0.29 | 1.98 £0.23 +0.26

2019/11/23 iRt , BEAXFERYEAR T 31
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Observation of

» Another decay possibly with large
BR suggested by theorists
[Yu et al., Chin.Phys.C 42 (2018) 051001]

» Significance: 590

» Mass and resolution consistent
with those of the ATK n*n*

channel N
-

d

S — &

[I

2019/01/10

only gL
— S 1T

PRL 121 (2018) 162002

Zhenwei Yang, Center for High Energy Physics, Tsinghua

sig — 91 i 20
:IOO'I""I LA I L LR B R L
= i LHCD —+ Data
% . — Total
2 Ol 1+ Slgna]
‘2/ | + ) Background
S 60 {_
= i |
o B "
S| . \
§ 401
@) i H' 'H_ 3 7
20 1 # I
0 ] "IN S B I DO T IO .L"{ T W U0 OO SO TON I RO
3500 3550 3600 3650 3700
m(Z; ") [MeV/c?]
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PRL 121 (2018) 162002

Results of 51" - Erg™

» Branching fraction ratlo
R = B(E, - EfnT Ef - pK™m™)

BEF > AFK—nrnt; A7 -» pK—ntt)

* Consistent with predictions [Yu et al., Chin.Phys.C 42 (2018) 051001]

» Mass and resolution consistent between the two channels
* Combined mass: 3621.24 + 0.65 + 0.31 MeV/c?

» Mass difference between the LHCb £}
and the SELEX HCC E:;+%ACTI>K77I+7I+
* M(E& ) ther — M(Ed)selex = 103 £ 2 MeV/c?

* They could not be isospin partners

=(3.5+0.94+0.3) x 1072

.y mtgt
Lo 72T

LHCb Combined
L I 1 1 1 I 1 1 1 I 1 1 1 I
3618 3620 3622 3624

M(ZLT) [MeV/c?

2019/01/10 Zhenwei Yang, Center for High Energy Physics, Tsinghua 33



£ mass measurement arXiv:1911.08594

Submitted to JHEP

> Data sample: 2016-2018 (5.6 fb™1)
» Decay mode £ - AJK ntnt and £ - EXnt used

=

T T L) 'I L) T T
—+ Data

SR - P q '
Q - Q N
= b LHCb - Data = LHCb :
800 — - —_ — . — Total i
3 L E A K atat Total V =
S [ = ¢ - - Signal = 600 - - - Signal -]
s - 1 - [ -~ Background |
= 600 — -- Background : [ L ucc—’::ﬁ+ ]
3 N ] e 400 T o B Erpt —
5 400 = [ to
3 : o i N
= o
S 200 g 2000 ]
: U ------ 1
P T T AP VU S 0 b——t R PP L S R
3500 3600 3700 3400 3500 3600 3700 3800
m__(E:5) [MeV/c?] / m__(Z%5) [MeV/c?]

- Ext = Efpt (=t
Partially reconstructed _ -
=+t 5 (> Efy)nt

—cc
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m(EZT) = 3621.55 £ 0.23 (stat) £ 0.30 (syst) MeV/c?.

mass measurement: results

Previous result: 3621.24 + 0.65 + 0.31 MeV/c?

2019/11/23

CPRESICNE o O
P ATK atat 00—
Combined O LHCb 13 TeV
| | 1 1
3620 3621 3622 3623

M(E:") [MeV/c?]

iR, BFEXRFERMERAR PO

arxXiv:1911.08594
Submitted to JHEP
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JHEP 10 (2019) 124

Results of 5} - DTpK ™
> Helpful to further understand the dynamics of £%.*
« Efficient DT trigger at LHCb

* Low branching fraction (and also low background) due to small phase space

» No signal observed
* Relative branching fraction measured

- LHCb 13 TeV
[ ¢Data
[ -Background

—
[\
-]

—
)
]

o0
-}
L L

B(Ei+ — DtpK )

Candidates /(5 MeV/c?)

R C
B(-'j(L+ — AFK—ntnt) 60
40 f
20 F .
R <1.7(2.1) x 107 at 90% (95%) CL 30500 3550 '3'60(; I3650 3700 3750 3z;00

m(D*pK ~t*) [MeV/c?]
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Prospects
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LHCb Upgrade (2019-2020) e

New electronics > Increase IuminOSity to

for muon and

e /g;;:;::w 2 X 1033 cm~%s™1
New silicon upstream Side View :caL HCAL . M- .
racker U1 N e e * 5 times larger than current

maximum instantaneous luminosity

> All sub-detectors read out at
40 MHz for a full software

trigger
New RICH1 and * Record with 10 GB/s
New PIXEL photodetectors New RICH2 — 117 .; ' " '
weor o e [T e | > All SUbdetector apart from
muon and calorimeter systems
CERN-LHCC-2012-007 will be fully replaced

2019/11/23 1aiRfE, BERESRYEHRR B 39


https://cds.cern.ch/record/2310827?ln=en

Scintillating Fibre (SciFi) tracker installation

aaaaaa
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LHCb Upgrade 2

» Upgrade 2 proposed to take full profit of HL-LHC
e L=1-2x103*cm 2571 10 times larger than Upgrade 1
« Aiming at 300 fb~! after Run5

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LHC - Run 3 LS3
Run 4 Run 5 l"

Upgrade la ] Upgrade Ib // [ Upgrade || =
‘, LHCDb only ge flavour expt in HL-LHC era

» Consolidate in LS3
» Major upgrade in LS4

» EOI submitted in 2017 (CERN-LHCC-2017-003)
» Physics document submitted in 2018 (arXiv:1808.08865)

2019/11/23 iRt , BEAXFERYEAR T

Opportunities in flavour physics,
and beyond, in the HL-LHC era

Expression of Interest

s

Physics Case
for an
LHCDb Upgrade Il




Physics case: hadron spectroscopy

» Much more b- and c-hadrons would be produced with the Upgrade

» More precision measurements for SM tests and NP searches with
heavy flavour, CKM, CPV, RD, spectroscopy,...
* Observation of new states

* Double heavy flavour production, e.g. Y(nS) + Y (nS)

* Detailed studies of y. = J/Yyu u~

LHCb Belle 1I : |
Decay mode 23fb~! 50fb~! 300fb~! | 50abt S 02r
BT — X(3872)(— Jprtn )KT | 14k 30k 180k 11k £
B*— X (3872)(— ¥(2S)7) K™ 500 1k 7k
B ¢(2S)K~n™ 340k 700k AM 140k
Bf — DfDDP 10 20 100 — T
A)— JpppK~ 340k 700k AM —
E, = JWAK™ 4k 10k 55k — o
EXt— AFKntot Tk 15k 90k <6k |
Ef o JWES 50 100 600 —

2019/11/23
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Physics cases: RD and CPV ariv:1808.08365

+10.0 i26 200 LHCb +33.0 x 10~% +5.4 +49 +28.0 x 1075 LHCb
Current | Current
Belle Il Belle Il
+3.6 +0.50 — +1.5 +35.0x 1073
— — ATLAS/CMS F— ATLAS/CMS
-4
+2.2 +0.72 +34 LHCb +10.0x 10 215 214 +4.3x 107 Rals]
2025 2025
+21 *22
+0.70 +0.20 +10 +3.0x 10~* +0.35 +4 +1.0x 1075
Ry [© *\1r1o BB=u*u~) ro ) s ° )
« [%] RD") (%] MO (%] manc || a5 vi] ¢ [mrad] Ar
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Summary

» LHCDb has been operated well in runl+run2 and produced nice
results in charmed baryons

» LHCDb Upgrade iIs under construction
* Expect to accumulate data of 50 fb~1 after Run4 (2019)

> LHCb Upgrade 2 aiming at 300 fb~1 with fully new detector to
deepen our understanding of heavy flavour physics

* You Inputs are essential

2019/11/23 2R, BERFSERYEBEHARFO
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Backup slides
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Track types for the LHCb Run I and Il

Upstream track
T T2 13

TT
VELO — " Long track
ll
VELO track Downstream track
V/

T track

[r—

/

2019/11/23 iRt , BEAXFERYEAR T
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How to Increase the LHCDb statistics significantly?

Luminosity [x10 30]

-
o
w

1 1111|

" LHCb

|

J.Beam 2. ——————

" LHC Fill 2651

LHCbUpgrade

- Luminosity potential _exhausted
-) Beams head-on -

._ FWWW«WM{;WWA\

!

2_mmmwmmewwM;MmmmwmwmwémwwwMMWWm@Mwwmwwmmmjw

P ,I. | i & ..‘ |

2019/11/23

5 10 19 20
Fill duration [h]

BiRfs, B

» LHCDb up to LS2 (2018)

* Running at levelled luminosity of
~ 4 x 103 cm™?%s71, pile-up~1

* First level hardware trigger running at

event rate ~1 MHz
* Record ~12 kHz (0.6 GB/s)

» LHCDb Upgrade | (2021-)

* Increase luminosity to a levelled
2 x 1033 cm™2?s71, pile-up~5

* Run fully flexible and efficient
software trigger up to 40 MHz

 Record with 10 GB/s

The most severe bottlenecks:
* Hardware trigger limited to ~ 1 MHz
* Tracking reconstruction

ERFSRYEBEWRRH O 48



The LHCb Upgrade | detector

» A complete new detector
* All sub-detectors read out at 40 MHz for a fully software trigger

New electronics

| e for muon and
| New scintillating fibre ) .
tracker (Sc|F|) ‘ calorimeter > TraCkI ng Syste‘ l l
systems
ECAL HCAL
M3

Newsilonupteam \_s_i_v__ o U5 e VELO: Silicon strip = 55 X 55 pum? PIXEL
\ Magne EFi- Irici M2 * TT-> UT: Silicon strip =2 Silicon microstrip
o \\\\\\\\\\\\\\ T I\ * T1-T3->SciFi: Straw + silicon microstrip
V| | | ‘ - Scintillating Fibre Tracker
—i3 .;1: = |

» PID system

* RICH: HPD = MaPMT
Improved optics + mechanics

om RIcHL amg | == =1 ‘ } ]  ECAL/HCAL: remains the same
New PIAEL photodetectors NewRICH2 | ol | L1 ECAL inner modules replaced in LS3
vertex detector T T LE U LN\
(VELO) IO ete e Plus new trigger  Muon: increased granularity
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We are here Install Upgrade | Consolidation and Upgrade II(?)

upgrade maintainance
———) 5 =
max _ 32 -2c-1 max _ 33 -2c-1 — 34 —2c-1
L .—.4><.10 cr.n S _, 5 cmax L '—.2><'10 cr.n S —>50LmaXL .2.><19 cm.s
1.1 visible interactions 5.5 visible interactions 55 visible interactions
per bunch crossing per bunch crossing per bunch crossing

LHCDb up to 2018-> 9 fb~" LHCb Upgrade | > > 50 fb~1

L LHCb Upgrade Il & > 300 fb1!
v'Demonstrated feasibility of - -
high precision flavour Increase trigger efficiency v’ Take full profit of HL-LHC

physics at hadron colliders > Aim at experimental _
sensitivities comparable to » Physics document has been

» Find/rule out large sources theoretical uncertainties submitted to LHCC arxiv:1808.08865
of NP at the TeV scale
2019/11/23 HikiE, BEAFZFESRYERRF L 50



Charmed baryon lifetimes: systematic uncertainties

Source roo (107%)
Decay-time acceptance 13
(2, prod. spectrum 3
(2, lifetime 1
Decay-time resolution 3
Background subtraction 18
H.(77,D), random g~ 8
Simulated sample size 98
Total systematic 101
Statistical uncertainty 230

Source Fa+ Tzt T
Decay-time acceptance 6 13 4
H. lifetime 4 4 12
H, lifetime 1 3 0
H,, production spectra 2 4 1
Background subtraction 8 17 7
H.(r=, D,random =) 5 11 3
Simulated sample size 4 13 5
Total systematic 13 28 16
Statistical uncertainty 10 34 17

2019/11/23
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E1 T mass measurement: systematics

3621.55 4 0.23 (stat) 4= 0.30 (syst) MeV/c?.

Uncertainty [ MeV/c?]
Source EtT S ATK atpt | ZET 5 Efat
Momentum-scale calibration 0.21 0.34
Energy-loss correction 0.05 0.03
Simulation/data agreement 0.09 0.05
Selection-induced bias on the =1 mass 0.09 0.09
Final-state radiation 0.05 0.16
Background model 0.01 0.04
A, =T mass 0.14 0.22
Total 0.29 0.49

2019/11/23
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Measurement of £1.* production: systematic uncertainties

2019/11/23

Source TOS [%] | exTIS [%]
Simulation sample size 8.8 7.3
F'it model 5.4 5.3
Hardware trigger 9.0 6.3
Tracking 3.4 3.4
Particle identification 5.0 5.4
Kinematic correction 7.3 6.0
Sum in quadrature 16.8 14.1
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Doubly suppressed £ - pg
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2 data used
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Doubly suppressed £ - pg

2019/11/23

Source Uncertainty (%)
Signal fit model 0.5
Background fit model 0.5
sPlot-related uncertainty 1.0
Trigger efliciency 3.0
PID efficiency 2.2
Tracking 1.0
(pr,y) binning 1.3
Size of simulation sample 0.7
Selection requirements 0.8
Total 4.4

iR, BFEXRFERMERAR PO
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