- B- a @1 r G :»{-‘, a

z:

e BsSm 1’
. E ;/“fh l 1 , I w' M’L

- i

_ . ’
& ' . e - - - -‘-.‘,-'

FIavio Archilli
Lepton Photon 2019
5/8/2019-10/8/2019

—
-

ﬁﬁu -‘ UNIVERSITAT I P 2 I l H C b
' ,,,,|||| N" .| | HEIDELBERG * ‘
Kt ZUKUNFT

'I / SEIT 1386




Why flavour physics?

1 I 1 1
| fitter

Summer 18

sol.w/\cos 2B < 0
(exclh, at CL > 0.95)

excluded area has CL > 0.95 7
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® SM very successful theory able to explain physics up to the EW scale
e Still incomplete theory

® O(20%) NP effects to loop-level process still allowed
2



Why flavour physics?

® SM as a effective theory at low energy
® New degrees of freedom expected above the EW scale

Lerr = Lsm +Z e 40,,(1‘1)

® Precise measurement of precision process at low energy

| b
CS M | CN P coupling
i MW NP scale
\_/v

® SM predictions and inputs have to be under theoretical
control




Mlain players

Nucl.Instrum.Meth. A479 (2002) 117-232
Nucl.Instrum.Meth.A479:1-116,2002 JINST 3 (2008) S08005

B-factories hadronic machines - LHCb
The Belle detector

Aerogel [ herenkov ont.

LHCh Detactor

Electromagnetic
Calorimeter

13T e LA N 3.5 GeV e
CsI(Th) - —80 |6 —"
1hX, o W ™

IOF connter

8 GeV ¢ 4"/ I\ '« I(‘cntral Drift Chamber
f:" X \ smAll cell —He/C-H,
Sivix. det. U i ;Kl. deteetion el Stations
3(&) lyr. DSSD 14/15 lyr. RPC+Fe Magnet I.ftgil“;gil c.glarl'né:er
* bb x-section ~0.001ub * bb x-section ~500ub
* Cleaner environment, simpler e Larger production rate, all
trigger b-hadron species
e Smaller production rate, e Harsher environment,

mostly BO/B+ physics difficult trigger



B-physics Precision era

LHC run Il HiLumi,

HL-LHC PROJECT

® New precision era in B
physics

1012

# B-hadrons produced

10°

® In the future CMS and
ATLAS will produce a B- 106
factory (109 B’s) dataset

every 20s 2000-2008 2010-2018 2020-2025 2026-2036




CP violation in Bs-system

0
® Interference between the decay amplitudes B q _m
and the mixing can give rise to a CP violating

phase. b fCP
e CP-asymmetry small in SM — particularly 0 _4
sensitive to new particles B dec
q
SM __ +0.96
S mix dec
¢ time dependant angular analysis:
® ¢good time resolution - P
—g—
e flavour tagging B; O ’ ) W W B
-
t,c,u b
® decay time acceptance - -
i — s e details in e ot
" Update with B/ and B/ Ci\irrl;); Santamarina and Shohei Nishida’s
: Rios's talk -

e




CP violation in Bs-system

£ o1 posfo! TN
I/—]’ 68% CL contours
) 0.1 (Alog £ = 1.15)
CMS 19.7 fb !
0.10 |
CDF 9.6 1tb
0.08
LHCb 3 fb!
0.06 ATLAS 19.2 fb!

0.4 0.2 0.0 0.2 0.4



CP violation in Bs-system

HFLAV

£y 044 DO 8 fb~'
Z 68% CL contours

(Alog £ =1.15)
CMS 19.7 fb!

0.10
CDF 9.6 fb~!

0.08 Cb 4.9 fb

0.06 ATLAS 99.7 fb!

ATLAS-CONF-2019-009

04 02 00 02 04
LHCb combined arXiv:1906.08356 HFLAV average @5 [rad]
P = —0.041 4+ 0.025 rad 95~ = —0.000 = 0.021 rad

AT, = 0.0816 & 0.0048 ps~* AT, = 0.0764170003% ps~!




Pps from penguin

® In penguin-dominated decays
BsO—p, it gets very close to zero
assuming SM — Null test of the SM.

® Based on Runl+’15+’16 LHCb
dataset.

e flavour-tagged, time-dependent and
angular analysis

¢ = —0.073 + 0.115 £ 0.027 rad
Al = 0.99 + 0.05 £ 0.01

In agreement with the SM expectation

LHCb-PAPER-2019-019 0



Flavour anomalies
b— cly, b— slT0

® FCNC process suppressed in the SM

[ .
Tree-level charged current Several observables:

Process

Theoretically clean
observables: R(D) & R(D¥*),
R(J/)

Large datasets

A~4TeV

® A~40TeV mc:r\a Marin

10 Patete



LFU In charged transitions

® Access to a large rate of charged current decays
e Ratio of decays with different lepton generations

® Theoretically clean due cancellation of form factor
uncertainties

® Cancellation of experimental uncertainties
B(B — DWry,)

R(D™) =

® Sensitive to any physics model favouring 3rd generation leptons

T

., W—/H;,/:/HT
B{ﬁ :%>< t§<>§<> q }D(*)
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R(D) & R(D*)

RaBar hadronic g
PRD 3% (2013)0720G12
033220024 % 0018
Belle hadrenic tag
PRDYZ (2015) 07201
D2NGF 0 D3EE 0DIS
Belle SL lag

PR 94 (2016) 072007
0502 L 0.030 1 0.011
Belle |-prong

PRL LIS (20170 21150
0,270+ 0033+ 0027
[.HCH munnic

PRI 11542015 111803
0336 £ 0027 £ 0,030
[LHCH 3-prong
LHCb-PAFPER-2017-017
\

g " I
0233 L 0019 K 0,023

LLHCH averzge

O3 +00lcE0022
Fajter et al. (SM)
PELD 33 (2012) 0U30G 35
02521 0.003

l -

R(D*)

| - |

0.1 0.2

0.3 0.4
R(D*)

0.45

0.4

0.35

0.3

0.25

0.2

|

| I
BaBar, PRL109,101802(2012)

Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

sz = 1.0 contours

———= Average of SM predictions

R(D) =0.299 = 0.003
R(D*) =0.258 = 0.005

‘s\~~fl-0'

IIIsl—IIIIIIIIIIIIIIIIIIIIII

HFLAV
P(y2) = 74%

PRL 115 (2015) 111803

0.5 0.6
R(D)

PRD 97, 072013 (2018)
PRL 120, 171802 (2018)

® LHCb combination 2.1c from SM
e All the experiments see an excess of signal w.r.t. SM predictions

e HFLAV average 3.8c from SM

12



R(D) & R(D*)

e At Moriond EW, new results S [T T T T ]
were presented by Belle s ga [ T LAV avemee 4’=1.0 contours . -
arXiv:1904.08794 . LUCbS S— -

e Simultaneous R(D*)-R(D) 035 [ : § =
analysis with SL-tagging . _ = @ _E

® Using the full Y (4S) data set 025 = et o ]
with 772x106 BB events e Bellel? ]
02 oSt ton %‘-

R(D) — 0.307 = 0.037 = 0.016 L, onmeasRas R)=2T%
R(D*) = 0.283 £0.018 =0.014 02 03 04 0> R(D)

e New average from HFLAV 3.1c difference with SM
R(D) = 0.349 + 0.027 & 0.015 . in Karol

R(D*) = 0.298 4+ 0.011 £ 0.007 W

13




® R(J/P) = 0.71x0.17(stat) £0.18(syst)

® Systematics from limited sample simulations,
but largest from uncertainty on form factors.

RU/W)

Compatible with SM at 2o level

Will improve with lattice calculations.

PRL 120, 121801 (2018)

B(B. — J/vyTv,)
B(B. — J/vYuv,)

R(J/¥) =

—+— Data
Mis-ID bkg.
° " Jhp comb. bkg.
B, — xc(]P)l+v,
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RD - Effective field theory

e Similarly to the P-decay we can integrate out the heavy
field of the SM

Full theory Effective description




Effective Hamiltonian

® Model independent description in effective field theory

Hepr = 4G Vi Z (C;0; + C!©’] + CiWilson coefficients encoding
V2 info of the short distance physics
O; four-fermion operators
b /
s /
Or(;) X (EO-/M/PR(L)b) kit Oé/) X (E’YMPL(R)Z)) (Z’}/ME) OS (SPR(L)b) (66)

O o (37, Pr(myb) (Cr"50) O%) o (3Pr(1)b) (5¢)

b — s7v umbﬁgéf I W S%KJFZ_‘ ”




Effective Hamiltonian

® Model independent description in effective field theory

4Gy . r.~1* Ci Wilson coefficients
Hers = 2 ta Vb Z Ci0; + C0i] encoding info of the short

distance physics
 O;j four-fermion operators

® NP can modify SM or introduce new operators

Anp

Rare decays (AF = 1)
C
e O R
Direct searches

CKM-like , N generic

lllustration following D. Straub

NP scale

Y
flavour violation

18



Bs— M U-

® FCNC pure leptonic decays B9%—{+{— are even rarer in the
SM due to helicity suppression

B o [VinVig|? | (1= 57#)ICs — CGf2 +(Cp = Cp) + F72(Cro = Cho) P

Bobeth et al.

B o const X [PRL 112 (2014) 101801]

error budgets
non-param.

® SM prediction: Tha
BB} — putp™) = (3.6640.23) x 1077
BB’ — ™) = (1.06£0.09) x 107

19



Bs— M-

LHCb rro 118 (2017) 191801 P
! ! // /./ .......... ATLAS
B(B) — p ™) = (3.0 + 0.6(stat) o (syst)) x 1070 |11 7 - LHCD
| 1 T CMS
— 1.2 9 —1 : ' : ./7/ //’ T~ —— full comb.
B(BO — ILL_|_ILL > — (15—'—_10(Stat>t%1(sy8t)) x 10 ! 4 - :| :. '/'/i P === Gaussian comb.

I ‘\‘ SRSl W *  SM prediction
1 3 +

<34-107% @ 95% CL

CMS prL 111, 101804 (2013) 3- \
B(BY — ptu™) = (2.8%55) x 1077 ) \\
B(BY — p*p~) = (44775) x 1071 N
ATLAS JHEP 04 (2019) 098 0

0 1 ;

B(Bs — ptu~) = (2.8157) x 107°
BB’ = ptu) < 2.1 x 107 @95% CL

From naive combination of LHCb+ATLAS+CMS results BF(B%—utu-) ~ 20 below SM
0 + —\ __ +0.5 —9
B(Bs — 2 ) — (2'7—0.4) x 10
key measurement to understand NP contribution to Cio

20



Bs— M-

LHCb pru 118 (2017) 191801 6220 .
A ATLAS
B(BY — u" 3.0 4+ 0.6(stat +O 3 H(8yst)) X 10~ ; ~—- LHCb
s MM . A o
_ — — 1; = full comb.
B(BO — lu—|_1u > — (1 5+1 O(Stat>+0 Q(SYSt)) x 10 10 li 4 4 i - ;};Iussia; comb. ‘
* rediction
<3.4-1071% @ 95% CL ) e <
MS o talk N
¢ new result (P. Mcbride’s 1077 i\
+ - 29*‘07(e><p>J‘—'Oz(fs/f“>> . - A
BB, — pp) = S N \ /
+ oy <36x107P@ 95% CL TR Iy S woN\ N
B(Ba— i 1)< o WA ] e
P 04 (2019) 098 LN NN N ]
B(B? — ptp~) = (3271 x 107° : 1 o y ! 5
s MM BR(Bs; = pp™) <10

BB’ = ptu) < 2.1 x 107 @95% CL
From naive combination of LHCb+ATLAS+CMS results BF(B%—utu-) ~ 20 below SM
0 + -\ _ +0.5 —9
B(Bs — 2 ) — (2'7—0.4) x 10
key measurement to understand NP contribution to Cio

21



tanf

Bs— M U-

Straub 1702.05498

present status

8OF T
70, —T
| %
60f U
; <A,
50, O
[ % )
i = at
407 = I
i s
30, QO
i D
f et
20
0 BR(B;— up) BR(B, - 1)
05 10 15 20 25 30 35 40 05 10 15 20 25 30 35 40
m, (TeV) m 4 (TeV)

® In MSSM BF(BO%—uu)« tan®p/ma*

® Present status assume BF(B%—uu) = (3.00+0.55)x10-9.
With full Runl+Run2 ABF/BF ~ 13% can be reached —
Together with ATLAS and CMS ABF/BF ~7%, which is the
expected uncertainty at the end of Run4 for LHCb only

® Complementary to direct searches of Tt resonances

® Effective lifetime useful to break the degeneracy
22

—— present

—0.05

flavio v0.20.4

X

B(B® — u* w) [107]

T T T T T
~0.05 —0.04 —0.03 —0.02 —0.01 0.00 0.01 0.02
ReCg = —ReCp [GeV ]

-+ sSMm

— ATLAS 1o
CMS 1o
LHCb 1o

0.6

0.0b+ L L

arXiv:1812.07638
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Measurements of b—s#¢ decay rates systematically below the SM predictions, 2-3 o

depending on the final state
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Angular distributions

[LHCb, JHEP 02 (2016) 104]
[Belle, PRL 118 (2017) 111801]
[CMS-PAS-BPH-15-008]
[JHEP 10 (2018) 047]

5~4 ie 1E | | I
e LHCbdata © ATLAS data
e — = Belledata © CMS data
05— SM from DHMV

\\ | . | ’
K 0 g / - —— SM from ASZB
\ O W O : | 0 ‘ [
\ K0 | i
\ \ > |_.

_ }_._{( |

! T: ! ! | | | ] !
5 10 15
g* [GeV?/c4]
® Access to observables with reduced hadronic uncertainties

V
\\\0
vs!
S
;\
|
-)
)
||||||||||

|
- |
5
T N T

e [LHCDb found a deviation from SM at the level of 3.40

24



Lepton flavour universality

q - q
W Gmax AT H
q
t H;n dl'|B H Te
max _>
/ € ] dq2
fY/ZO //L_7 6_ mln
ut et

® Extremely clean test: cancellation of hadronic form-factors uncertainties in
predictions

® Ry = 1£0(10-3) (me << mp)
® Rk k= is close to unity in SM, with very small uncertainties
® Possible deviation from QED corrections ~1% in the central g2

25



LFU with B—K*¢?

—I | | | | | | | | | | | | | | | | | | | I | | 1 | 2.0 B
1.0 i P _ i: B
-~ Ve - A -
B ] 1.5
0.8 N I H ;
I_P ] B
0.6 - ® LiCh — 1.0 I B B B
I [EPJC 76 (2016) 440] A BIP I -
0.4 B [JHEP 04 (2017) 016] Y CDHMV E}i I i
i [PRD 95 (2017) 035029] M EOS i 0.5 =
0.2 [EPIC 77 (2017) 3771 @ flav.io ] B ® LHCb Belle
- LHCDb [PRD 93 (2016) 0140281 @ JC i - LHCDb BaBar Belle 2019
0.0 R TR ST T N ST AN A SN S ST A SR A B R 0.0 B I T T oo o
y 1 2 3 4 : O , g 0 5 10 15 20
- |GeV7/c] ¢* [GeV? /]

[LHCb, JHEP 08 (2017) 055]

. . . [BaBar, PRD 86 (2012) 032012]
® [.HCD result in tension with the SM at ~20 level [Belle, PRL 103 (2009) 171801]

[Belle, arXiv:1904.02440]

® New results from Belle in agreement with SM and previous
experimental results

20



LFU with B—K{/?

w 2.0
~ I LHCb

1.5

|0 ) SR R I L ] ---------------------------------------
i ¢

05 o » BaBar Babar [PRD 86 (2012) 032012]

~ L s+ Belle Belle [PRL 103 (2009) 171801]
- LHCb [PRL 113 (2014) 151601]
I e LHCb Run T +2015 + 2016 LHCb [PRL 122 (2019) 191801]

() () 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
0 5 10 15 20

72 [GeV?*/c4]
® LHCDb recently reanalysed Runl data adding 2015-2016 dataset

Ry = 0.8467 (054 (stat) 016 (syst)

® New result still compatible with the SM expectation at 2.50
27



LFU with B—

KEL

o

20 T R T
1.8Preliminary Rk £
® New results from Belle with 711 fb-! 1.6/ 3
1.4 =
® Both charged and neutral mode and 1.2 =
Rx measured as the weighted average = -
0.8 -
® Rk measured for [0.1, 4.0],[4.0, 08F E
8.12], [1.0, 6.0], > 14.18 and > 0.1 04 E
q2 bins 02 E

OT L A T T R N I ST S T AN SR R N T R R

0 5 10 15 20

, g2 (GeV?/c?)
® [sospin asymmetry also measured —~ S
06 A (B— Kte) E
® Deviation fount at ~2.50 level in the ! 04 Preliminary =
first bin 11} -
<02 ]

 (rp /7e0) X B(B® — KO¢0) — B(B+ — K*2¢)

A = -0.2
' (rg+ /7o) x B(BY — KO¢¢) + B(B+ — K+e¢)
~0.4
S. Choudhury for the 06
Belle collaboration

QEPS19 28
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Global fits

D. Straub et al. 1903.10434

b— sup lo
1.54 —— global 10, 20
1.0 1
0.5
0.0 H
—1.0 1
0.5 —— Rk & Rk~ 30
. _1.9 b— sup lo
global 1o, 20
15 10 05 0.0 05 ~15 ~1.0 ~0.5 0.0 0.5
CSSMM Cgmv.

® Global fits of b—sll observables favour NP in Ci0 and Co

® Consistency between Rk and other observables
29



New Sics?

b -~ s SM cc loop 0~
\.\
Z,Z/ \;\
wo A
b S
ut
b > > K d d
_+_
X _ . . ..
cC contribution can mimic vector-
like NP effect (corrections to Co)
S
New vector Z', leptoquarks ... Lyon, Zvicky [1406.0566]
Altmannshofer Straub [1503.06199]
[PRD 89 (2014) 095033] [PRL 114 (2015) [PRL 116 (2016) 141802] [JHEP 06 (2015)

151801] [arxiv:1503.06077] [PRD 91 (2015)  072] [arxiv:1704.05835] [EPJC 76 (2016) 67] Ciuchini et al [1512.07157]

075006] [PRD 92 (2015)015007] [JHEP11 (2015) [PLB 755 (2016) 270] [PRD 90 (2014) 054014]

173] [PRD 93 (2016) 074003] [PLB766 (2017) [JHEP 05 (2015) 006] [JHEP 10 (2015)184]
77] [JHEP 03 (2017) 117] [arxiv:1704.06005] [PRL115(2015)181801] [PR641(2016)1] [JHEP 11
[arxiv:1705.03447] [arxiv:1705.00915] (2016) 035] [JHEP 12 (2016) 027] [arxiv:

1704.05849] . . .

30



Experimental constraints

_ _ Direct searches _

S S q H
b b q T
14 TeV, 3ab™', MDM Model

SO0 e — o%%sensivity
) 99% sensitivity
. 2.5 N
® Masses typically heavy mz ~ O(TeV) | arXiy:1810.02166

arxiv:1705.03465 arxiv:1704.06188

® Strong constraint from Bs mixing
g/myz <0.01/2.5TeV

7 -~ o 7/
7 W
PN ’

:/ / // /;,B Mixi
/ o 2 - ixin T
0-57 lllll S 1 (/ 1 A | 1 I SI 1 Ig I I 1]
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W]

Leptoquark

" C WQJQT
b S -

explain Co# = — Cyot

® Clear advantages concerning |
constraints form non semi- gu 20
leptonic constraints (Bs mixing) Lk

Direct searches b

4.0 LI | L | LI I L

® Model addresses anomaly and g ey 0
3.55— T& _ QQ]@&é . _
. P I ?% ) PASN
3.0 B = & 4 & i
C = o~ I 4 e}q’b
2.55— é E : ]Q&\\rb« -
i g ::'o; o
C 48 .
» AN
5 ;
A 4
1L0f & N
® Limits from direct searches 0sF e
0_0:...I....I....I....l....l....l....l...:

32 My [TeV]



B(LQS — b1)

Leptoquark

e Atlas experiment re-optimised/re-interpreted

o relevant HH or SUSY searches to produce LQ limits
L b e Exclude mio< 800 GeV for LQus and LQd3
\999’ \ independently of the branching ratio (assuming LQ
T couples only to the 3rd generation)

JHEP 06 (2019) 144
1’_ | | B | JF BRI B N - AAd BAAAA o BAAEA BESES RARESR -
0.9E- ./ ATLAS 3 ‘{ ATLAS 3
0'8;:— \fs =13 TeV, 36.1fb“é ngm \/5 =13 TeV, 36.1fb ‘é
3 1 & E
bl S — observed - — observed —5
0.6 ----@xpected ] ----@xpected —
05F = 3
E — It + ETmlSS'O(( E — 4 ETm[SS'Of 5
0.45— — tt+ EM%.1 ¢ E —t+Er -1¢ ]
0.3 ttb+ ET ] rtb+ET {
0.2F- —btbr = — brbr —*i
: bb + ETmnss E bb + ETrmss 5
0.1 E : o
P oira IR PRI LN IO L A T T RAPI (I RO = (i S B M LW Y T T e
400 500 600 700 800 900 1000 1100 1200 1300 400 500 600 900 1000 1100 1200 1300
m(LQ3) [GeV] m(LQ3) [GeV]
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B(Bs»Ttu~) x 104

Searches for LFV

e [f LFUV confirmed several LFV NP signature expected in

b—stu and b—sue
| /”
0.0 \ //

0.00 0.02 0.04 0.06 0.08 0.10 0.12
B(T-3u) x 108

Bordone et al.
JHEP10(2018)148 (2018)
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arXiv:1905.06614
e LHCb analysis with Run 1 data (3 fb-1)

® Reconstruct BO;) — T+ candidates
using the 3-prong T decay

Q) ] v T T - T -

= 1 s==+ Expected limit

'c—c A LHCb Expected limit (16)
= s  Expected limit (20)
o081 —— Observed Lmit

L1 l L1 l L1l I

e
-
-
.
e
el
LT
Y
-
-
-
..
e
.....
..........

Ix107

1 M n
20 ) 40
B! > 7*u* branching fraction

Modec Limit 90% CL 95% CL

BY = 7+pt | Observed | 3.4 x 1077 | 4.2 x 1077
Expected | 3.9 x 107° | 4.7 x 107°

BY 5 7+t | Observed | 1.2 x 1077 | 1.4 x 1077
kxpected | 1.6 x 107 | 1.9 % 107
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Bordone et al.
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Conclusions

® [ntriguing pattern of anomalies in rare and semi-leptonic decays, measured, by
LHCb, BaBar and Belle — still need larger statistics to disentangle BSM effects

® More results will come from LHCb Run2 analyses for both anomalies.

-

i
N
w"';'.'.

1 and HCb Upgrades will allow to further clarify the situation and if
1alies are due to NP to disentangle between different scenarios

sics is and it will remain strategically important for the HEP community:

o~

~

avour a

malies will be confirmed, the interest towards the physics results of
(and other experiments!) cannot be underestimated.

nomalies will d1sappear and no ev1dence of NP on- shellﬂ 2 LGN v
cs will remain hig '31‘ ina
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Impact of dilepton vector
coupling

® [mportant to understand how much the long distance contribution from SM and interference
with the short distance

® Measurement of the phase difference between the short-distance and narrow resonances in

B+—K+u*tu-
‘/\‘: 10° | | =
= - - e Dependence of the observables enters
> " LHCb -
O i i through Co
2 104 __ [] Signal — Ceﬂ, C Y 2
NGJ [ Specific backgrounds 2 — ( )
; B Partially reconstructed ] 9 9 —I_ q |
O 3 background . . . .
< 10 O Combinatorial background 3 ® Y(qg2) summarises contributions from
= } Daa - bsqq operators
2 r ]
S 100 E = ® Main culprit is the large cc component
£ . such as the J/psi
] ] ] ] ] ] ] ] ] ] ] I
5500 6000 6500
5
My, IMeV/c?

[Eur. Phys.J. C(2017)77:161]
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Measuring phase

differences

® Fit to full di-muon mass
distribution including:

® Resonances: p, w, ¢, J/P, Pp(2S)

® Broad charmonium states:
P(3770), P(4040), p(4160),
P(4415)

e Four-fold ambiguity in J/1 and
(2S) phases signs:

e compatible with /2 — minimal
interference with non resonant

e Dedicated analysis needed for
BO%K""‘OM‘FILL—

'S
—
—
p—
—

b
Lh
-

h
S

Candidates / (44 MeV/c?

[Eur. Phys.J. C(2017)77:

161]
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Fit to Wilson coefficients

[Eur. Phys.J. C(2017)77:161]

® Non resonant sensitive to Co

0"'|"|‘|"|H
and Cio :LHCb /

Re(C,)

® Deviation of 3.00 from SM

® Low B*—K*+u*u- BR not
explain by resonance |
interferences 4

® [ts measurement in
agreement with previous
measurement -5

B(BT— Ktutp™) = (4.37 £ 0.15 (stat) = 0.23 (syst)) x 1077
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LFU R(D(*))

® Prospects for several
modes in the coming
years

e systematics wall at 0.5%

J. Phys. G: Nucl. Part.

Phys.

46 (2019) 023001

0.12 —— |

(.10
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573,
[

0.06 |-

jected uncertainty

T T TR
Belle — II Rp-
— LHCb R
LHCH R
—  LHCb R, H
LHCh Rp.
LHCb Ry

2 0.04
=
(.02
0.00) b—~— _ L L —
2015 202() 2025 2030 2035
Year
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LFU R(X)

arxiv:1808.08865
] ] ] I ] ] - ] I ] RKI [1,6] I ] ] ] .
LHCb Upgrade 11 R [16] <! v LHCbH
Scenario | - K E{
R, [1.,6]
LHCb Upgrade II - % ' v
Scenario II - E v
— o 3
R
LHCb Upgrade II T > v
Scenario III ul <<
i - X
0.01 5 . )
LHCb Upgrade 11 - ‘ .
Scenario IV - | x X=D'717 = u v
— e X=D""7 —=nrntnu .
LHCDb Run 1 I I | v x= T/, 7= = @,
04 0.6 0.8 1 1.2 0.001 ' — '
3 23 50 300

Integrated Luminosity [fb™!]

scenario Cy° Oy Cy Ci,

I —1.4 0 0 0
II 0.7 0.7 0 0
IT1 0 0 0.3 0.3
1Y 0 0 03 -0.3
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Projections
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) [mrad]

CCS
S

O.stat (¢

Ds

Comparison of s sensitivity from different decay modes

10001 =z
| = 010 . LHCb
) LHCb . = 0.1 v
100 T - o 0.05° _—
] v : ' % :
] - xmmmmmmmm e [ ]
o
M y .
10 1 o BY—y((29)¢ o X y .
1 x BY— D;Df Y _
+ BY— J/YKTK~ high mass ) 1
1 v BY— J/rr I X BS — ‘]/w¢ X
s Ba | B
I Y all ces I | P
1 === ¢, central value [CKMFitter Summer 2016] v B s 7 K 7T K ™

0.1

5 23 300 5 23 50 300
Integrated Luminosity [fb™!] Integrated Luminosity [fb™!]
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candidates / (0.1 ps)

Bs mixing

New J. Phys. 15 (2013) 053021

i e Tagged mixed
- 2¥ & o Tagged unmixed
400 AN ' 8 —— Fit mixed
: g Fit unmixed
200
0 5 4
0 I 2 3 .

decay time [ps]
e Mixing frequency from Bs — Ds- i+ :
® Ams = 17.768+0.023stat+(0.006syst ps-1
e Standard Model: Ams = 20.31+1.34 ps-1
® (2016: A. Lenz: arXiv:1603.07770)
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CKM angle y

® The only CP violating
parameter that can be
measured from tree-
level decays

® Measured using B—Dh
decays

® Exploit interference
between amplitudes
b—c (favoured) and

b—u (suppressed)

X V(,/,Vm_ Asup X Vu/)v('.s'

/’ DOK:: \
- | fK::
\» EOKjt )

*
_ VoV,
¥ = arg = 2
cdV qp
more details in
Shohel Nishida’s talk
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CKM angley

® Combined several measurement from tree-level decays

B decay D decay Method Ref. Dataset' Status since last d
combination [3]

Bt — DK™* D — hth~ GLW [14] Run 1 & 2 Minor update —

Bt — DK™* D — hth~ ADS [15] Run 1 As before

Bt — DK™* D — htn—ntn™ GLW/ADS  [15] Run1 As before

BT — DK™ D — hth—n° GLW/ADS  [16] Run1 As before

Bt — DK™* D — K2hth~ GGSZ [17] Run 1 As before

Bt — DK™* D — KOhth~ GGSZ [18] Run 2 New

Bt — DK™* D— K)Ktr—  GLS [19] Run 1 As before

Bt — D*K* D — hth~ GLW [14] Run 1 & 2 Minor update

Bt — DK** D — hth~ GLW/ADS  [20] Run 1 & 2 Updated results

Bt — DK*t D — htr ntnm GLW/ADS  [20] Run 1 & 2 New

Bt - DK ntn= D — hth™ GLW/ADS [21] Runl As before

B — DK*® D — Ktr~ ADS [22] Run 1 As before

B—» DK*n~ D — h*h~ GLW-Dalitz  [23] Run1 As before

B° — DK™ D — Kt GGSZ [24] Run 1 As before

BY — DFK* DY — hth~xt  TD [25] Run 1 Updated results

BY— DFp* Dt — Ktn—nt TD [26] Run 1 New

® most precise measurement from sigle
experiment
® in agreement with world averages
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Y angle projections
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LHCDb - recorded luminosity

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
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Angular distributions

_i[
- 327

— Iy cos? Ox cos 20, + S3 sin® Oy sin” 0y cos 2¢

+ S4 sin 20k sin 20, cos ¢ + S5 sin 20k sin 6y cos ¢

(1 — Fy)sin® Ok + F1, cos” Ok + z(1-Fy) sin” O cos 26,

N

1 %AFB sin? O cos By + S7sin 20k sin 0y sin ¢

+ Sg sin 20k sin 20, sin ¢ + So sin? Oy sin® 0, sin 2¢]
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LHCb upgrade

Upgrade |
current LHCb — Ula — Ulb +» Upgrade ll—»

BELLE 2

e [.S2 (2019-20):

e Change subdetector electronics to 40
MHz readout

® All trigger decision software
e Start data taking in 2021

e Upgrade detector qualified to accumulate
50fb-1

® In order to exploit the full potential of the LHC, it is natural to have a further

major LHCDb upgrade during LS4

® The Upgrade II will allow to increase data sample from 50fb-! to 300fb-1
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LHCb upgrade
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B(B” — pu u )= (15 1O(stat) 1(syst)) x 10 1.66 e MY/
<3410 @ 95% CL
Yy [ — — :
: : = 08§ LHCb
« Main source of systematics: = o oF _
T Ok .
+ BOy—u+u-: knowledge of fi/fq 2 b E
: 2 04F E
[ O ‘- - .
BO—u*tu-: exclusive backgrounds : ;
0.2 ]
0.1 1 .
. L L A | 110
% 6 8

BF(B" — utu”
53 By 2 )



Impact on NP



