Flavour and CP physics with b-hadrons

And one word
on D physics

Context

CP violation

Rare decays (B — pp and b—stf)

Semileptonic decays

S PARIS
50

Marie-Héléne Schune
LAL, Orsay
No time to enter into any details ...
this talk does not give justice to the
huge amount of results and studies

performed

No time to discuss topics related
to a better understanding of

non-perturbative QCD
(resonances, exotic states)

LHCb Upgrade II: arXiv:1808.08865

Flavours at HL-LHC: arXiv:1812.07638

Belle Il physics book: arXiv 1808.10567
ESPP Granada May 2019 Inputs to Granada 1



Overall situation in particle physics

Observations

Higgs boson seems
quite SM-like

No sign of direct signals of
NP particles (gap between
SM and NP mass spectra)

A few open questions

Dark matter candidate ?
Baryon asymmetry generation ?

Which are the sources of flavour
symmetry breaking we observed ?

No stone left unturned
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Flavour physics |

Probes scales >> 1 TeV

(depending on cyp)

CP violation and FCNC : sensitive

probes of short distance physics

Many tests limited by

statistics not by
systematics nor theory

_ Csm , Cnp
A(l/’i ~ Yt X) = 4o ( 12 t Aﬁp) NP scale and coupling

1987 B4 mixing /s=10 GeV (ARGUS)

2
) ps 1~0.5ps~?!

Amy~0.00002x (
= m; >50 GeV

t
1964 K —nr : CP violation GeV/c?

3 families
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Experimental heavy flavours: a large and active community

( Publications:
~ 50% from LHCb
BESIIl and Belle

dess from BaBar, ATLAS and CMS )

A (People in Europe: )
61 groups on LHCb
36 in Belle |l
17 on BESIII
HFLAV inputs + ATLAS & CMS
- J

+ theoretical community !
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Where are we ? (since September 2012)
Where are we going ?

log scale !
#B produced
CP violation 101 .
Rare decays (B, — up and b—sff) ™
Semileptonic decays e I
1086

2ooo 2008  2010-2018 2020-2025 2026-2036

=P Crana s M Gwen at HL-HE LHC (March 2019)



Experimental environments
Belle-lI LHCb

14.6. 2011 18:57:08
Run 93593 Event 1179897868 bld 1140

Immensely different environments = complementarity !

Trigger fully efficient on B events:: Access to tiny BRs, all b-hadrons
modes with neutrals, inclusive types
measurements ESPP Granada May 2019 6



LHC

Belle I

Where are we going ?

We are here

HL-LHC

® >

2010-2012 2015-2018 2021-2023 2026-2029 2031-2034 2031-2038

Run 1 |LS1T [Run2 |LS2 [Run 3 |LS3 |Run4 | LS4 |Run 5 [LS5 |Run 6 ...

4
Upgrade | Upgrade Il
A I A
- - -1 -1 50fb1/ year 300
3fb- 9fp-1 23fb 50fb g._____i___ﬁ(lo_ﬂ?,'1
rLHCC approval (end 2018)to |
| proceed to framework TDR :
1ab-! 50 ab!
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...but also: 6 N

_ 0 factories
Belle 11+1= Belle I
Goal: 101" — 1012 Z0 (CEPC)

Just started within Belle Il 5.10'2 70 (FCCee)
BR(Z0 — bb) = 15%

Goal: x5 increase in peak

luminosity ILD-like detector + charged
hadron PID. /
0 Doable from a machine
perspective ? [ FCC-pp a dedicated J
O Detectors issues running at experiment (a la LHCb)

4 1036 cm=2 s

. @ A
O Physics case e*e” Super t-charm factory (Novosibirsk)

E: 2to6 GeV.

Under study, more before e
@e end of 2019 / Peak luminosity (>4 GeV) 103> cm=2s~!
0 Y




Interferences between b—c and

v angle measurement

b—u tree-level transitions: SM

candle (and many modes to be

used) : B>DK

NP in

Y VS Y+0s

mixing?

measurement : B, — DK

[Time dependent

]

02018 = O2012/2.5

NP in loops ?

y =(71.152%)°

Fully dominated by
LHCb

ESPP Granada May 2019
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017 X LHCb In ~ 2030 O14co-ur ~ OBellen = 1.5°
+  LHCb+ Belle Il
5 End of HL-LHC (LHCb-U2) :
+ § subdegree uncertainty
11 +
x | A precise knowledge of the D
strong phases is mandatory
(BES Ill, t-charm)
0.1

5 23 50 300
Integrated Luminosity [fb™!]
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CP violation in the interference between mixing and decay

cl)deccy

By > f

_q)decoy

(Dmix
Bd,s

By system: 23
B, system : ¢,

@M= —0.0368617 00068 rad
[CKMFitter]

(D: (DSM + Aq)peng + A(DNP

For the ultimate precision: non perturbative QCD

¢ = cI)mix_2 (Ddecoy

Mostly B —J/d6 but not only
(LHCb analyzes B, —J/WKK, J/pnrm)

Needs :

* Initial state tagging

« Decay time measurement
* (Angular analysis)

(penguin pollution) : should be constraint fromdata



HFLAV

68% CL contours

(Alog £ =1.15)

0.12
CMS 19.7 fb~!

0.10
CDF 9.6 fb!

0.08

ATLAS 99.7 fb!

0.06

Al",[ps'l]

04 02 00 02 04
¢ [rad]

Very new ATLAS & LHCb measurements

Tagging performances to be
maintained

ESPP Granac

Mostly B —J/d but not only
(LHCb analyzes B, —J/UKK, J/bntr
D:Ds)

HL-LHC

0.105 1
68% CL contours

) Alog £=1.15
0.095] 15 3 ah (4 log )

0.0851

0.0751 Current Exp. Constraint

(Run1 only results)

0.0651 Combined Projection

-0.050 ' 0.000 ' 0.050
¢ [rad]



2018 projections for B mixing and CPV in one slide

arXiv:1808.08865

+33.0x 1074 +5.4 +49 LHCb
as of mid
Current 2018
Belle Il
+1.5
— ATLAS/CMS
+10.0 x 1074 +1.5 +14 LHCb
2025
+22
+3.0x 1074 +0.35 +4
ag) y[°] ¢s [mrad] HL-LHC




0-7 % 1 1 I 1 1 1 I 1 1 I 1 I 1 1 1 _

: L R -

A ! 1 I T

0.6 a ! Amd SK Summer 18 —

n ! _

~ 8 : Z

— : sol.w/\cos 2 <0 —

— (3 (excl, atCL>0.95)  —

04 —3S —

L5 _

— |3 : 2 -

0.3 .

[ : o _]

0.2 ' _:

0.1 N
0_0 1 1 q | 1 | 1 1 | \ | , . )

-0.4 -0.2 0.0 0.2 04 0.6 0.8 1.

=l

ESPP Granada May 2019

14



End of HL-LHC

0.7

0.5

20l. w/cos 28 <0
(excl. at CL>0.95)

0.4

' excluded area has CL > 0.95| 7

0.3 \ ¢

0.2

IIIIIIIII|IIII|IIII|!/iII|IIII

~ -

-H/l/lllllI|l|II|IIII|IIII|IIII|IIII

0.1

0.0

0.4 -0.2 0.0 0.2 0.4 0.6 0.8

Inconsistencies among measurements ?




NP in IAFl = 2 transitions ?

15 - 15

| g | ) -
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< oF NP fit < 10~

Summeri2 vs Summeri8

NP fit

Summer12 vs Summeri8
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o s, _ (BHEYB)
q (B, B,

Now: NP transition about an

order of magnitude smaller
than the SM-allowed one

blue becomes green
axes size changed

HL-LHC will allow to gain a
factor 4
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Discovery of CP violation in charm decays

. o ) : 3_104
CP violation in up-type sector. SM expectations [ 10-3 - 10-4. Extremely large

Occ = 200, at LHCb samples needed !

1964 2001
1956 Strange particles: Beauty particles: 21 Marc h

Parity violation CP violation in K CP violation in B® 201 9
T.D. Lee, meson decays meson decays ~ 80 1 Oé Si N al
C. N.Yang and J. W. Cronin, BaBar and Belle g

C.S.Wu et al. V. L. Fitch et al. collaborations events

1963 1973 2019
Cabibbo Mixing Charm particles:

N. Cabibbo R T CP violation in D°

T
Prlt s:::g;:’m and meson decays N LHCb— Upgrade II
. LHCb collaboration N 1 0 0

N Belle II

ESPP Granada May 2019 |n key—Chaﬂne|S 17



Experimentally: ~ N(D° — f) — N(D° — f)

raw = - = Acp + Ap(ry Ap(D** /DR
N(D0—>f)—|—N(D0_>f) cp + D(Trs/:u)_l_ P( /fromB)

DO KK or it

Charge Symmetric AACP = AraW(KK) — Araw(7r7r) %“JACP(KK) — Acp(7r7r)

~ B¢ . ~ 220058
Q LHCb Q LHCb
= 6000F 4 = 2000¢
44M = 13M
. . . . . E 5000F * Data E :288_ + Data
Kinematical reweighting = production = Broxc] 2 a0 T
. . < 2 Y = - <
and detection asymmetries cancel ; = 00 Bcom v = 12000 Bcons.tke
2 £ s00F 3
n ag £ 2000 S 600k ;
E 1000 :% 400¢ E
S S 200F 3
%005 2010 2015 2020 9.005 2010 :'ZOISA o 2020
AACP=('O°1 5410029)% m(D'z*) [MeV/c?] m(D'x*) [MeV/c?]
. . . X0 e X10 : }
Observation of CP violation at 5.3 o 2 soof ey ] g @ LHCh
> oM ' > 140F 3M T
L 500F t Data 2 120 t Data
E B’ = k«k* = ¢ W=
u tag Z 400¢ By -k : 100F B -k
5 300} DComb. bkg. E 80 E:]Comb. bkg.:
Run2 dataset (6 fo'!) & .t 1 £
@] O 2
arXiv:1903.08726

1850 1900 1800 1850 1900
ESPP Granada May 2019 m(DO) [MCV/CZ] m(DO) [Mev/cz]



2018 projections for D CPV in one slide

arXiv:1808.0886F
A

I
+80.0 x 105 +96.0 X 10~ +14.0 x 105 LHCb| ¢ 02 I | | HFLAV World Average 2017 |
I I I L
Current ~ | [ LHCb 300/fb
Belle II 0.1
+46.0 x 107 +12.0x10°° — i
LHCb
+32.0x 1075 +40.0x 1076 +6.2 X 107 — 0~
I I I |
2025
0.1~
_02 contours hold 68%, 95% CL
| | L | L | L |
0.85 0.9 0.95 1 1.05 1.1
|a/p]

LHCb may well be the only experiment to be able to observe CPV in mixing in charm if
there is no NP contribution

A joint program between experiments and theory to progress on the predictions

i ranada Ma
Challenges in the amount of data =7 ¢ May 2019 .



By, s—HH

SM: B(B, — ptp ey = (3.64£0.11) - 1077,
B(B; — p ey = (1.00 +£0.03) - 1071

arXiv:1812.07638 and refs therein

" ><10‘1|0 — _
* SM: very rare (Vi helicity suppression) P T
» Very sensitive to NP (eg models with " P el W
extended nggS SeCtO r) T:Z 4 - ./.";: S - Gaussian. cc.>mb. »
. . +, ! i A *  SM prediction
* Clean experimental signature ol R |
* Observed by LHCb, CMS and ATLAS % N
BR +,—\ — (9 a7 +0.45 -9 |
BR(Bs = p" ™) = (2.677532) x 10 N | .
Mass resolution is a key-ingredient 0
. x107°
ESPP Granada Mayab%w:’l 903.10434




Expected sensitivities at HL-LHC Experimental sensitivity:
« dominated by systematics (f./fg)

B 06__I S NP(SUSY) * close to the SM uncertainty (CKM
E 1 NP (SUSY), matrix elements, By decay constant)
‘= oMS To compatible with
B LHCDb 1o
+j_ i other measurements
T 0.4F -
o _T - - .
2] ! Additional observables:
m ! ] « effective lifetime (precision for LHCb :
0.2l ] 8% for 23 tb! and 2 % with 300 fb-1)
- . * time dependent CP asymmetry
- I (sensitive to NP phase) . Accessible

0.0ttt only with 300 fb"
arXiv:1812.07638 B(BS — pt ) [107]

21



b—sf? transitions

BO

(:i ~ K0 BO d K0 BO
b u/c/t 5 b W+ 5
T e
W+ . Pt
/Z° v/Z°

Relative importance of the different diagrams varies with g?= M#(£+£)

Rich phenomenology:

o BF (but large theoretical uncertainties due to non-perturbative QCD)

o Angular observables

o Ratios of BF (test of Lepton Universality)

ESPP Granada May 2019
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\ K* @/
\ A /
,

— 7
e LHCbdata o ATLAS data

m Belledata © CMS data

[ SM from DHMV
SM from ASZB

\
\ - //

/J _l

1
I

JIw(1S)
\\i(l\)
L 1 J§' 11 1 1

‘7//%%
"

1 1 1 L 1 1 1

0
Tensions with the SM. Clearly exhibited in P'5 observable

cT loops : theoretical

debate about their

15
q? [GeV?/ 4]

LHCb JHEP 02(2016) 104

ATLAS JHEP 10 (2018) 047

CMS PLB 753(2016)424

Belle (PRL 118 (2017)n0.11,111801)

wn
[
[
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An example of global fit : B;—up + B->K* pu angular analysis
ATLAS, CMS & LHCb

30 contours

X 300 fo! ATLAS and CMS Run3
300 fb1 LHCb end of
§= oo . 3000 fb-! ATLAS and CMS | HL-LHC
@)

0.5 1 Other measurements:

Phase I 30
sl Belle |lI: measurements of the

—1.0 1

y N gj:_cw related B — K(*) vw modes

-15 —-1.0 -0.5 0.0 0.5
bspp
Cy
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LU tests in b —sf8: the R ratios

2
9max dF(Hb—>HS/L+ILL_) dq2

R Pin de? Ry =1 (at 103) in the SM
H, =
qu“‘"‘x Y QED effects ~ % arXiv:1605.07633
9min q

LU : an accidental symmetry of the SM

R+ Ree s Ry + Roe -

arXiv 1903.09252 Belle M. Prim Moriond 2019
20474707777
:24 20r - Belle preliminary
LHCb | »
15F 15[
1.0 T T\. k: 1.0 L : . I
I - I S I I
- L I <$ ot 4 Belle
055 Ij 325:1 05| ¢ LHCb
B - ’—}‘ BaBar |
C e LHCb Run 1 + 2015 + 2016 I sM prediction 1
X 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 00 ...................
0 00 5 10 15 20 0 5 10 15 20

q2 [Gev2/c4] ESPP Granada May 20



Rys precision in the 1-6 GeV? bin

0.30 = | | I I arXiv:1809.06229
— Belle — II Rg
_l Belle — II Ry
0.25|- —— LHCb Rx ]
_ LHCDb Ry, Statistics only
£ 020 — M 0 T systematics wall around 0.5 % ?
E — LHCb Rk
= 4 N
o Belle Il and LHCb
H (Upgrades) B—K® £4¢,
o \ J
4 ) N
With LHCb-Upgrade
| | | | unique access to b —dée
S y

2015 2020 2025 2030 2035

Year

LHCb Upgrade | and Belle-Il in ~ 2030: measurements at the few % level

LHCb-Upgrade Il is needed to enter the sub-percentlevel to characterize the NP type

ESPP Granada May 2019



Do both !

Differences in the angular distributions of K*ee and K*uu

Run3 (23 fb)

Upgrade |1 (300 fb-1)

30 contours

scenario Cj° Cpy Chy

0
I —14 0 0 0 b->sll
11 07 07 0 0 b=>sll+R(D*
ESPP Gre

2'_

AReC10

1.5F
)i

0.5F

25—
L —— SM

R scenario |l

— — scenario |

~{LHCb
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+10.0 +90 LHCb
Current
Belle Il
+3.6
F— ATLAS/CMS
+2.2 +34 LHCb
2025
+21
+0.70 +10
B(B°»u*u~) ro
RK [%] B(BS_’I-‘+IJ_) [A)] HL-LHC

2018 projections for rare decays in one slide

arXiv:1808.08865

28



b —-clvand b —-ulv

Historically, mostly the domain of B-factories
winter18 (but not fully)

—0.006
Q C

a).ooss —

0.005F

0.0045[

Inclusive versus exclusive puzzle.
(call for publication of unfolded/efficiency corrected

data)

\ LHCb

I I 11 1 I 11 1
42 0.044 0.046 0.048

V|

0.004F

Vs |? _ B(A)— pu=1,)

_ : w) (po Lattice QCD
V| B(A)— AFp—v,)

Larger statistics will (hopefully) help claritying the situation

o

cb

LHCb LHCb Belle Il | LHCb
Vul/Vg| precision: today | 2025 50 ab' | Upgrade Il
6% 3% 1% 1% 29




LU tests with tree diagrams
<<€; o BlHy— Horw)
He ™ B(Hy— H.l'"p)

tﬁ%{“{gg{g@lHl \ e oru
\/ 3

Need to “compensate” for the missing neutrino(s):

rest of the event (B-Factories)
information from large flight distance (LHCb)

ESPP Granada May 2019 30



Ve 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1
* - _
e/ [~ [] HFLAV average AXZ = 1.0 contours _
04— -
[ LHCbI15 ]
B BaBarl2 ]
0.35 — 3G _—
B LHCb18 1
0.3 — —
025 __ '}' Belle19 ~ Bellel5 _—
B Bellel?7 7]

0.2 — + Average of SM predictions HFLAV

~ R(D) = 0.299 +0.003 | Spring 2019 | -
B R(D*) = 0.258 +0.005 PO =27%

1 I 1 1 1 [l I 1 1 1 1 I 1 1 1 1 I 1 1 1

0.2 0.3 0.4 0.5

R(D)

Compatibility with the SM at the level ot 3.1 ¢
Will greatly benefit from the twordifferentexperimental environments



2018 projections LU tests in b —cfv in one slide

I+

2.6

LHCb

Current

I+
o
Ul
o

I+
o
~
N

Belle Il

ATLAS/CMS

LHCb

2025

+0.20

R(D™) [%]

HL-LHC

arXiv:1808.08865

(

.

\

[R(D), R(D*)]

J

|

RD.) R(A, R(JAp)]

theory predictions
to be improved

And additional observables
(T polarization)

ESPP Granada May 2019 32



Summary

LHC:

* main results from LHCb

« ATLAS and CMS also contributing and are working to enlarge their flavour physics scope
A charged hadron PID is mandatory for a full physics program.

Important to have experiments in very differentenvironments (pp and e*e-).

LHCb Upgrade Il (x2 in Anp wrt Upgrade |) = LHCC framework TDR for beg. of 2021.

Complementarity/synergy with 1-charm factories results (BES Ill), and lower energy experiments

In order to benefitfrom the experimental precision, parallel effort on the reduction of theoretical
uncertainties is required

In the longer term: « Z%-factory » a fantastic tool for Flavour Physics

Critical for medium term:
preparation of LHCb Upgrade II, full exploitation of LHCb & Belle Il data samples



Backup slides
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Max Luminosity [10%/cm?s]

LHCb Upgrade Il: Luminosity

current LHCb — Upgrade | ——» Upgrade I|l—»

LS1

8_

£ »
lIIIIlIlIIIlIII

N

LS2

IIII|IIII|IIIIIIIII|IIII|II

°f

N
o
purd
o

2015

2020 2025 2030 2035

Lol 1 Jidiiaua viay «vi 7z

250

200

150

100

50

Integrated Luminosity [fb™]

35



Belle-1l luminosity

Expected (Integrated) Lummoslty

x1035— 16

6 mo shutdown

B for RF upgrade : D

0

8 mo shutdown assuming we
replace PXD and TOP PMT

[;.qe] 7 "3

2 — Conse rvatlve

5?5i;:|§i;:;i;:.~;.n;
ehe"es 1/1/2021 1/1/2023 1/1/2025 1 1/2029
1/1/2019

Peak Luminosity [cm™%s™!
S

)
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2012 2018

1 .5 T T 71 l LI ‘ T T 7T la I LI I LI l LI ] 1'5 T TT l T TT ‘ T Ig I T T T T TT ] T T
excluded area has CL > 0.95 . %o i e GUSIGOEIE 3,
: Y % R i : % ]
s ? | ! T %
1.0 : V — — : o

w‘ﬂ ] 1.0 B E /*5 AT & Amg |
05 - — 05 .
i Amg - 1 E ]
= 0.0 e T = = 00 R - —
- o i X \ ]
L [ “
3 r | \ :
a0k ? -1.0 - Y & ]
- % Y sol. wicos 23 <0 r % ' sol Weos2p<0 -
- Summer 12 . (excl. atCL > 0.95) - - Summer 18 : (excl. at CL> 0.95) ~

15 hinnlnnn /S EEEEEEE /e 5 L [ TERTI A S S NS ST T S B AT LR

1.0 0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 15 20

‘_) -
v angle measurement factor 2.5 improvement

Amy , Amg as well as QCD parameters : factor 2 to 4

Vi : factor 2 improvement but inclusive versus exclusive puzzle still present



) [mrad]

CcCS
S

Ustat ( ¢

O, prospects (LHCb)

1000;
1003

|
10-
3
1 o
]
]
)

—
L
X 4 + X

1 === ¢, central value [CKMFitter Summer 2016]

LHCb

@A + X o

@xX4 A
L ]

B? — (25)0 X
B? - D;Df ;
B — J/YK* K~ high mass °
B — J/ynn

BY — J/vo

BY all czs

0.1

5 23 300
Inteerated Luminosity [fb™!]
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-~

1.00
0.75
0.50
0.25
0.00
—-0.25
—-0.50
—-0.75
—-1.00

BN SM

B scenario I1
B scenario |

LHCb unbinned
analysis 300 fb-"

Belle 1l 50 ab
Random central
values

ATLAS 3000 fb-?
Central values
from Run 1

CMS 3000 fb!
Central values +
syst. from Run 1

Adapted from

1812.07638 &
1808.10567



Pentaquarks

2015 PRrL 115,072001 (2015)

< 25
%’1000 MWdata My, all , my,>2 GeV =
L. @ total fit . §.
%’ ~— background 1
gaoo N P(4450) b g.
AO D «Pasy  § A ]
b 600~ - A(1405) ()
& A(1520) f W Y
-0+ A(1600) :" ¥ (
400 and other (]
P_(4450): a T
x0° 5o two peaks ,-’f [l | ommasagor o
3 : ; strudture ! ot .
2019: S0
g ——data LHCb
© — total fit A
. i preliminary
é‘ooo — background
3] H
2 800
£
©
[+¥]
=
600
400} ;
P (4312)
200 d
arXiv:1904.03947 300 4250 3350 4400 4450 4500 4550 460C

Myyyp MeV] 7



Update using Run2 full statistics =x 9 statistics of the published result !
(x2 selection , x3 integrated luminosity, x cross section changes with energy)

Narrow bump hunting analysis with empirical background shape

P.(4450): a two

P (4312)

LA B I T ITEI L l T 7T I LI

l.l.M//lL

P (4440)

I
» . ., peaks structure !
2: D 2 c D /
[ —data LHCb
- total fit preliminary
background

P (4457)*
@
|

/\
ljllA

New peak at _
4312 MeV g
&
Full amplitude analysis ongoing g
. . ©
especially needed to confirm the broad 8
P.(4380) £ s00
]
> 600
State M [MeV ] I'[MeV]  (95% CL) R (%] 400
P.(4312)* | 4311.9+£0.7558 | 98 +£27F 31 (<27) | 0.30£0.077053
P.(4440)* | 44403 £1.3731 1 206 £4.9757  (<49) | 1.11+0.337022  |200
P.(4457)* | 44573+ 0.674 | 64+2.0% 37 (<20) |0.53+0.167513
a3

B(A, = PXK-)B(P+ — Jjbp)

R
B(A, — JJopK-)

ESPP Granada May zu1v

00 4250 4300 4350

4400 4450 4500 4550 460(
mJ \,p[ eV]
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Table 9.1: Expected data samples at LHCb Upgrade II and Belle II for key decay modes for
the spectroscopy of heavy flavoured hadrons. The expected yields at Belle II are estimated by
assuming similar efficiencies as at Belle.

LHCb Belle IT
Decay mode 23tb~! 50fb~! 300fb~! | 50ab~!
BT = X(3872)(— JWnTn)KT | 14k 30k 180k 11k
Bt — X(3872)(— ¥(28)y)K+ 500 1k 7k 4k
B = ¢(28)K 7+ 340k 700k AM 140k
Bf — DFD°D° 10 20 100 —
A)— JhpK~ 340k 700k AM —
- JWAK— 4k 10k 55k —
EriT—S ATK ntwt 7k 15k 90k <6k
Er— JWEF 50 100 600 -

ESPP Granada May 2019



Rx expected precision in the 1-6 g2 bin

When ? At hands End of Run3 | 2027 ? End of Run4 | End of
(2025) (20307) HL-LHC

Int. Lumi 9 fb! 23 fb 50 ab™ 50 fb 300 fb?

Rk .043 .025 .036 017 .007

R+ .052 .031 .032 .020 .008

Ro 13 076 - .050 .020

Rok .105 061 - .041 016

NB : Run1 + 2 fbo-! @ 13 TeV R achieved precision 7%

LHCb Ugrade | and Belle-II: measurements at the few % level

LHCb-Upgrade Il is needed to enter the sub-percentlevel
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Events / 40 MeV
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JHEP 04 (2019) 098
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ATLAS

{s=13TeV, 263 fb"
0.4163 <BDT <=1
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NP couplings = 1 NP is MFV coupling, contributes at the

tree level 1-loop level
< 10g — 10
> ; [Jimc, 2n8  [imc, HLLHC > C |[]mc, 2me  []'me, HLre
& N g‘::g.’";' E“":"z:‘:‘fm UT ot 'S) [ |me,ms  [imec,minc UT ot
-~ 0F - [ Bec, 2o [l Aoc, HLuHC 1 ~ | |[]AbsC,, 2ns [jAvsC, H-Lic 1
< 1 E limc, 202 Jllimc, HLIHC . < || A cs, 208 [ ADs s HALHC
o F o |
8 1ol I B s
c‘f 10° ;— | M | ] Du_) .
= [ - i I S |
10°E1 1 Ll 1= I
10° I i |
g : il W
“CC ¢ C G ¢ ¢ ¢ ¢ ¢
7 2 3 9 5 7 2 3 9 5

After HL-LHC with LHCb Upgrade Il increase by a factor 2 of the NP scale reach
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[Upgrade |l physics case, LHCb-PUB-2018-009]

Yield Run 1 result 9fb~" 23fb~" 50fb~" 300fb~"
Bt = Ktete™ 254429 [274) 1120 3300 7500 46000
B — K*ete~ 1114+14 [275] 490 1400 3300 20000
BY— ¢ete” — 80 230 530 3300
A)— pKete™ - 120 360 820 5000
Bt = ntete — 20 70 150 900
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