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https://www.nikhef.nl/~pkoppenb/#contact
https://www.nikhef.nl/~pkoppenb

ttom Line Up Front]

BLUF — BortomMm LINE UpP E

Lepton flavour violation is

There is a pattern of 2-
universality tests
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https://en.wikipedia.org/wiki/BLUF_(communication)

[Nobelprize.org]

NUCLEAR 8 DECAY

Curie Einstein Dirac Heisenberg Pauli Fermi Feynman Gell-Mann
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https://www.nobelprize.org/nobel_prizes/physics/laureates/

[Nobelprize.org]

NUCLEAR 8 DECAY

For Fermi, it was a four-particle
interaction.
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Curie Einstein Dirac Heisenberg Pauli Fermi
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https://www.nobelprize.org/nobel_prizes/physics/laureates/

[We have no idea]

PARTICLE INTERACTIONS

FORCE CARRIERS
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http://phdcomics.com/noidea/

I PRECISION MEASUREMENTS

Sensitive to “New” Physics effects off-shell
* When was the Z discovered?
« 1973 from vN— vN
« 1983 at SpS collider?
* c quark needed to explain K? — pu~ (GIM)

« Third family (b,t) to explain CP violation (Kobayashi
& Maskawa)

g ;22
-

Generic New Physics Amplitude:
Csm CNP)
A=Ay ( G =
Mz, A . A
=» Sensitive to very high NP ‘
scales A "‘
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PRECISION MEASUREMENTS

Sensitive to “New” Physics effects off-shell
* When was the Z discovered?

« 1973 from vN— vN
« 1983 at SpS collider?

* c quark needed to explain K? — pu~ (GIM)

« Third family (b,t) to explain CP violation (Kobayashi
& Maskawa)

¢/ Estimate masses

« t quark from BB mixing
¢ Much larger mass coverage than /s

v Get phases of couplings

« Half of new parameters
« Needed for a full understanding

* Look in lepton and flavour sectors
=» CP asymmetry in the Universe
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I PRECISION MEASUREMENTS

Where to look?

Need three ingredients:
@ Precise SM prediction

© (desirable) Precise beyond-SM
predictions

© Good experimental precision

Generic New Physics Amplitude:

Csm CNP)
A= Ao ( T =
Mz, A
Check out my Scholarpedia article
on Rare Decays.
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http://www.scholarpedia.org/article/Rare_decays_of_b_hadrons

BY— ptpu”

Very rare decay, well described in the SM
B(B = utpu)sm = (3.57 +£0.17) - 107°

[Beneke, Bobeth, Szafron|, [Bobeth, Gorbahn, Hermann, Misiak, Stamou, Steinhauser, PRL 112, 101801 (2014)], [De

Bruyn, Fleischer, Knegjens, PK, Merk, Pellegrino, Tuning, PRL 109, 041801 (2012)] ...

Very sensitive to NP, e.g. Minimal supersymmetric Models:

6
0 _ mbmg tan® 3
B(B— p" 1™ )mssm o - 4 b wt
A
S /,L_

Nik|hef
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [6 / 83]



http://arxiv.org/abs/1708.09152
http://arxiv.org/abs/1311.0903
http://arxiv.org/abs/1204.1737
http://arxiv.org/abs/1204.1737
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[LHCb, LHCb-CONF-2016-005]

DIMUON MASS DISTRIBUTION
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2016-005

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

m.,- (MeV/c?]

BDT

A B— utu~ search using 2011-2016 data (4.4fb™1)
is done with a mass fit in bins of BDT output.
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http://arxiv.org/abs/1703.05747

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

r LI L - L .
S - LHCb : D e Combinatorial ]
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The BDT is optimised to fight combinatorial and specific
backgrounds.
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http://arxiv.org/abs/1703.05747

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~
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Mass plot shows candidates with BDT> 0.5.
The significances are 7.8 for BY — u*pu~ and 1.60 for B — ptpu~.
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http://arxiv.org/abs/1703.05747

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY BY— ptpu

0.9X10°

0.8 LHCb
0.7
0.6
0.5
0.4
0.3
0.2
0.1

BF(B® - py)

x107°

o

ptpm)=(3.04+0.6"53) x 107 and
+92) x 10710 are consistent with the SM.

The results B(B? —
B(B—= ptp~) = (15713

[Bobeth et al., PRL 112 101801 (2014)]
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http://arxiv.org/abs/1703.05747
http://arxiv.org/abs/1311.0903
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http://arxiv.org/abs/1910.12127

B — ppu~ RACE TOWARD THE SM
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[Aebischer et al., arXiv:1903.10434]

B— uTp~ AFTER SUMMER 2019

x10~10 Thanks '
o ATLAS to  David
—.—- LHCb Straub for
o S CMS the updated
> —— full comb. plot
—~
‘1 41 === Gaussian comb.
™ *  SM prediction
3 .\‘\‘ 4
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S~— \\ \
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m i \
t \i
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i b !
0
0 j— 5
- -9
BR(Bs — pu™) x10

[PRL 118 (2017) 191801] [ATLAS JHEP 04 (2019) 098] [CMS, arXiv:1910.12127]
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http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1703.05747
http://arxiv.org/abs/1812.03017
http://arxiv.org/abs/1910.12127

BY— ptpu”

Very rare decay, well described in the SM
B(B = utpu)sm = (3.57 +£0.17) - 107°

[Beneke, Bobeth, Szafron|, [Bobeth, Gorbahn, Hermann, Misiak, Stamou, Steinhauser, PRL 112, 101801 (2014)], [De

Bruyn, Fleischer, Knegjens, PK, Merk, Pellegrino, Tuning, PRL 109, 041801 (2012)] ...

Very sensitive to NP, e.g. Minimal supersymmetric Models:

6
0 _ mbmg tan® 3
B(B— p" 1™ )mssm o - 4 b wt
A
S /,L_
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http://arxiv.org/abs/1708.09152
http://arxiv.org/abs/1311.0903
http://arxiv.org/abs/1204.1737
http://arxiv.org/abs/1204.1737

CKM and CP violation
with b and ¢ hadrons

measurements in the
forward acceptance

|

Spectroscopy in pp
interactions and B decays

Exotica searches

N R
3, 2 s . _
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CKM and CP violation
with b and ¢ hadrons

EIectroweak and QCD
measurements in the

Rare decays of b had BL forward acceptance

and ¢ hadrons

Spectroscopy in pp
interactions and B decays

ey

Mes(Gevie) [ S
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[Max Degtyarev (2019)]

HC )
THCD

E
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https://www.behance.net/gallery/67661801/The-incident-at-the-Large-Hadron-Collider-experiment

[Max Degtyarev (2019)]
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https://www.behance.net/gallery/67661801/The-incident-at-the-Large-Hadron-Collider-experiment
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LHCb DETECTOR

Forward detector: many b hadrons produced forward at LHC, (144 +
1+ 21) pb in acceptance at 13 TeV (pr 115 (2017) 052002)

@ Warm dipole magnet. Polarity can be reversed
v/ Good momentum and position resolution
o Vertex detector gets 8mm to the beam


http://arxiv.org/abs/1612.05140

LHCb DETECTOR

Forward detector: many b hadrons produced forward at LHC, (144 +
1+ 21) pb in acceptance at 13 TeV (pr 115 (2017) 052002)

@ Warm dipole magnet. Polarity can be reversed
v Good momentum and position resolution, high efficiency

v/ Excellent Particle ID
RICH2

(preliminary)

Kaon ring

wRICH1
(prel 8

pion ring

21
g LHCb

£ 12F Preliminary
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% ]
b o
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http://arxiv.org/abs/1612.05140

LUMINOSITY LEVELLLING

Beam 1 Beam 1 Beam 2

Beam 2

Beams are offset in

instantancous Luminosity W B Updated: 12:01:44 real time to keep a
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[Lumi Plots]

INTEGRATED LUMINOSITY

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
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http://lhcb-operationsplots.web.cern.ch/lhcb-operationsplots

LHCb TRIGGER IN RUN 2

LHCb 2012 Trigger Diagram LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate 40 MHz bunch crossing rate

~ LU > < b I

LO Hardware Trigger : 1 MHz LO Hardware Trigger : 1 MHz
readout, high Ey/Pr signhatures readout, high Er/Pt signatures

450 kHz 400 kHz 150 kHz

450 kHz 400 kHz 150 kHz

h* H/pp e/y

Defer 20% to disk ) , :
( Partial event reconstruction, select ]

O displaced tracks/vertices and dimuons

SR

Software High Level Trigger :
29000 Logical CPU cores Buffer events to disk, perform online

detector calibration and alignment

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive [ Full offline-like event selection, mixtureJ

of inclusive and exclusive triggers

selection algorithms

5 kHz (0.3 GB/s) to storage 12.5 kHz (0.6 GB/s) to storage
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LHCb TRIGGER IN RUN 2

Events are buffered on disk (]_0 PB) LHCb 2015 Trigger Diagram

while calibrations are being run. 40 MHz bunch crossing rate

-> Ofﬂ.lne—quallty trlgger objects Ny Ny NgH
available for analysis. LO Hardware Trigger : 1 MHz
o Disk = more CPU. The full readout, high E1/Pr signatures
reconstruction can also be run
during LHC downtime.

450 kHz 400 kHz 150 kHz

8 Oé' :' Software High Level Trigger
= U .
@ 0.8 Partial event reconstruction, select
E 0.7 displaced tracks/vertices and dimuons
g 06 :
S 0.5 Buffer events to disk, perform online
-ﬁ 0.4 detector calibration and alignment
403 : L

0.2 Full offline-like event selection, mixture

0.1 of inclusive and exclusive triggers

0 L L L

20 25 30 35 40 45 50
Calendar Week 12.5 kHz (0.6 GB/s) to storage
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LHCb TRIGGER IN RUN 2

Events are buffered on disk (]_0 PB) LHCb 2015 Trigger Diagram

while calibrations are being run. 40 MHz bunch crossing rate

-> Ofﬂ.lne—quallty trlgger objects Ny Ny NgH
available for analysis. LO Hardware Trigger : 1 MHz
o Disk = more CPU. The full readout, high E1/Pr signatures
reconstruction can also be run R I I
during LHC downtime.

1 . Software High Level Trigger
g 09 LHCb : :
S 0.8 q Partial event reconstruction, select
ﬁ 0.7 Disk b f]?’ usage displaced tracks/vertices and dimuons
1L to 28/11/2017 R
+< 06 .
L 05 Buffer events to disk, perform online
g’ 0 detector calibration and alignment
3 0.4 |
¥ 03 : :
'5 0.2 Full offline-like event selection, mixture
0.1 ,_,JIJ\ //\,\‘ of inclusive and exclusive triggers
0 L

20 25 30 35 40 45 50 U D D
Calendar Week 12.5 kHz (0.6 GB/s) to storage
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[P. Koppenburg, LHCb-FIGURE-2019-010]

TURBO

We perform a full calibration in real
time. The output is ready to be used
for physics.

Plenty of collision events discarded, while the interesting are kept.
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https://cds.cern.ch/record/2693187

[P. Koppenburg, LHCb-FIGURE-2019-010]

TURBO

We perform a full calibration in real
time. The output is ready to be used
for physics.

TURBO then stores only the information needed for the analysis
=» Huge savings in time and cost
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https://cds.cern.ch/record/2693187

[P. Koppenburg, LHCb-FIGURE-2019-010]

TURBO

We perform a full calibration in real
time. The output is ready to be used
for physics.

TURBO then stores only the information needed for the analysis
=» Huge savings in time and cost
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https://cds.cern.ch/record/2693187

FrLaA ANOMALIES

sy~ Flavour

FCNC ﬁ% anomalies

I
wm
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[inspireHEP]

MosT CITED hep-ex 2019 PREPRINTS

1. Observation of a narrow pentaquark state, P,(4312)", and of two-peak structure of the P,(4450)"
99) LHCb Collaboration (Roel Aaij (NIKHEF, Amsterdam) et al). Apr 8, 2019. 11 pp.

Published in Phys.Rev.Lett. 122 (2019) no.22, 222001

LHCb-PAPER-2019-014 CERN-EP-2019-058

DOI: 10.11

hysRevLett. 122.222001
1904.03947 [hep-ex] | PDE
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server; ADS Abstract Service; Link ; Link to Fulltext from Publisher; Link to Article from SCOAP3
Data: INSPIRE | HepData
Detailed record - Cited by 95 records

. Search for lepton-universality violation in B — K ¢* ¢~ decays
(89) LHCb Collaboration (Roel Aaij (NIKHEF, Amsterdam) et al). Mar 21, 2019. 13 pp.
Published in Phys.Rev.Lett. 122 (2019) no.19, 191801
LHCb-PAPER-2019-009, CERN-EP-2019-043, LHCb-PAPER-2019-009 CERN-EP-2019-043
DO 103/PhysRevLett.122.191801

09252 [hep-ex] | PDF
References X | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
RN Document Server; ADS Abstract Service; Link to Fulltext from Publisher; Link to Article from SCOAP3
Detailed record - Cited by 89 records

w

.Measurement of R(D) and R(D*) with a semileptonic tagging method
55) Belle Collaboration (A. Abdesselam (Tabuk, Coll. Technol.) et al.). Apr 18, 2019. 12 pp.
e-Print: arXiv:1904.08794 [hep-ex] | PDE

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
BELLE ADS Abstract Service
Detailed record - Cited by 58 records

BEE

IS

. Physics Beyond Colliders at CERN: Beyond the Standard Model Working Group Report
“7) J. Beacham (Ohio State U., Columbus (main)) et al.. Jan 20, 2019. 150 pp.
CERN-PBC-REPORT-2018-007
e-Print: arXiv:1901.09966 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server; ADS Abstract Service
Detailed record - Cited by 47 records

5. Test of lepton flavor universality in B — K*{*{~ decays at Belle
46) Belle Collaboration (A. Abdesselam (Tabuk, Coll. Technol.) et al.). Apr 4, 2019. 8 pp.
BELLE-CONF-1901
e-Print: arXiv:1904.02440 [hep-ex] | PDE
BELLE References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 46 records
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https://inspirehep.net/search?ln=en&ln=en&p=find+primarch+hep-ex+and+de+2019&of=hb&action_search=Search&sf=earliestdate&so=d&rm=citation&rg=25&sc=0

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s+, the first observed
penguin decay
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http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm
=» Decay the 7 into 2 leptons
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http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm

=» Decay the 7 into 2 leptons
o Add an interfering box diagram
=> b— sT¢~, very rare in the SM
B(B— K*¢*¢~)=(1.840.2)-107°

[Huber et al., Nucl.Phys.B802:40-62,2008]
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http://arxiv.org/abs/1606.00999
0712.3009

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm B
=» Decay the 7 into 2 leptons
o Add an interfering box diagram

=> b— sT¢~, very rare in the SM

@ Sensitive to Supersymmetry, Any
2HDM, Fourth generation, Extra
dimensions, Leptoquarks, Axions ... & ——---*-- s

PR
¢
Chargino loop ¢

Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [24 / 83]

v/ Ideal place to look for new physics

Gluino loop
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http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm

=» Decay the 7 into 2 leptons
o Add an interfering box diagram
=> b— sfT¢~, very rare in the SM

X But beware of long-distance effects:

o Tree b— ccs, (cc)— ¢
v/ Can be removed by mass cuts
X ¢ Interferes elsewhere

O e @H)

Long distance
contributions from CC
above open charm

threshold

interference

4[mi{)? A

(c) Jaeger
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http://arxiv.org/abs/1606.00999

FrLaA ANOMALIES
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Search for lepton flavour universality violation in
BT — KT0*T¢~ decays

Paula Alvarez Cartelle

HEP seminar,
|mperia| C0||ege Imperial College London
London

June 26, 2019
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[Hiller & Kriiger, PRD69 (2004) 074020, arXiv:0310219]

LEPTON UNIVERSALITY IN b— sfT{~

X

2

qj’axdqz dr(B—>x2u+u—) «
2 dq

Dnin

2

max | dT(BoXete~)
/ dq >

2 dq

Dmin

Rk — 1o B(B)— ptu™) *

Rx =

Assuming: |

@ Right-handed currents Ll L

o 10 107
negligible BR(B,—>un)

o (Pseudo-)scalar couplings
xX my,

@ No CP phases beyond the SM
[Hiller & Kriiger, PRD69 (2004) 074020]

Nik[hef
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [26 / 83]



http://arxiv.org/abs/0310219
http://arxiv.org/abs/hep-ph/0310219

[LHCb, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482]
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[LHCb, Phys. Rev. Lett. 122 (2019) 191801 arXiv:1903.09252]

pe’- ]

LEPTON UNIVERSALITY IN BT — KT¢* ﬁo

Using 2011-12 and 2016 data we get

& 350
§ 300 LHCS
—— Data
Rk = 0.846 +0.060 +0.016 = — Totd fit
K = —0.054 —0.014 S 20 Tota Ry = 1
Pris] S B B~ Ky
(250’ from the SM) g 150 Combinatorial
o
The Run 1 result is consistent with § 100
0.745 8 930 + 0.036 [PRL 113 (2014) 151601] 50 !
0500 5300 a0 B0 5600
7-8 TeV + 0.083 + 0.017 m(K*ut ) [Mev/cg
Ry =0.717 Z 5071 T 0.016 =
13 TeV +0.089 + 0.020 k) LHCb
Ric ™™ = 0.928 To076 " 0,017 3 % —+Daa
= — Total fit
g 80 Total R =1
Z B Ty e B'- K'e'e”
The BF of BJr -  Ktete™ g 60 B Pat. Reco.
in 1 1< q?<6Gev?/c* is T 4f mme - JueeK
(28.6 120 £ 1.4) x 107° 8 wf
0

m(K*e*e”) [MeV/c?]
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http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1406.6482

[LHCb, JHEP 08 (2017) 055, arXiv:1705.05802]

LEPTON UNIVERSALITY IN B — K*0¢t¢—

Measure ratio Ry~ of B® — K*9u*tu~ to

LG e ] B°— K*%ete™ in 0.045 < ¢ < 1.1 and
® B Combinatorial 1.1< g2 <6 GeV?
15 B- Xe'e

v Signal clearly visible in K*0pt

0.045<¢<1.1 [GeV?/c] @ Yields entering the double ratio:

Pulls Candidates per 34 MeV/c2
5

5
_______ B — K*0¢+¢- BO—s Jjpy K*O
S’E low- g7 | central- g%
s =0 =% = ptp~ [285£18 | 353421 | 274416 1507
— 1T 14
mK* rere) IMev/cd] ete 80710 | 111775 | 43468 £222
S LHCb 3
S oFE 4 B'-K%e 7
3 5 I Combinatorial
g_ 20 B_Xe'e =
8 15 MR -KYy 3
2 5 Licg<o[Gevic] | &= T o e
= E zZ B K : 80K
8 5 E E . Combinztorial = . Combinztorial
O E 2 sl B .
T = 1 &5 ol & ,
= OE W g : 0.045<g<1.1 [Gev /'] S 1.1<62<6.0[Gev?/ct]
& 500 5000 5500 o o ° s § =
B s Cl =
mK*rete) Mevic] & s o [ | St

5600 5800
(K Tt ) [Mevie]
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http://arxiv.org/abs/1705.05802

[LHCb, JHEP 08 (2017) 055, arXiv:1705.05802]

LEPTON UNIVERSALITY IN B — K*0¢t¢—

= SN .
Vot
0.8F T E
- b E
6 ® LHChH
F BIP
041 v CDHMV 7]
L W EOS
r @ flav.io |
F LHCD MR
L)“ L L L L 1]
0 1 3 4 5 6
¢* [GeV?/cY]
T @8 vtHobir
B Bele 19

m BaBar 12

1
¢* [GeV?/ct]

Measure ratio Ry~ of B® — K*9u*tu~ to
BY - K*0¢te™ in 0.045 < ¢® < 1.1 and
1.1 < q? < 6 Gev?

v Signal clearly visible in K*0pt
@ Yields entering the double ratio:

B®— K*Ot(~ BY— Jjp K*O

low- g7 | central- g%
ptp~ [285+£18 | 35321 | 274416 F 5%
ete” | 89TI | 111775 | 43468 222

Build a double ratio Rk =
(NK*oﬂﬂf ) NJ/¢(e+e—)K*O
Nioere= ) \ Ny (ur k0

B { 0.66 341 +0.03 0.045 < g2 < 1.1

0697532 +005 1.1<q?><6.0
This about 2 to 2.50 from the SM, depending

on predictions. [sip, EPJc 76 440] [CDHMV, JHEP04(2017)016]

[EOS, PRD 95 035029] [flav.io, EPJC 77 377] [JC, PRD93 014028]

Niklhef : : .
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [30 / 83]


http://arxiv.org/abs/1705.05802
http://arxiv.org/abs/1605.07633
http://arxiv.org/abs/1701.08672
http://arxiv.org/abs/1610.08761
http://arxiv.org/abs/1703.09189
http://arxiv.org/abs/1412.3183

[Belle, arXiv:1908.01848]

Rx AT BELLE

Using the full sample of

_ G 18F S 16F
772 x 108 BB pairs Belle 3
g 141 g 12
selects BT — KT/T/~ and &« 0
=10 g
B® — K3¢+¢~ decays e 5
S 6
o 137+ 14 Bt ! :
K+ILL+ILL_ and 8555155557 5.245.255..26.275.559 O 4)5; 0 :5.0 7015 02 025
]_38 j: 15 B+ N M, (GeVic?) AE (GeV)
+ote— BY— KSutu~
KTeTe™ decays
found E!a 3‘2
0 0 + _ gts é
© 27+6 B"— Kgu'p g E“;
and " £,
22+7B%— Kletew ¢ 4
decays found 2 2;“.‘ NMmn;
g,Z 5.215.225.235.245.255.265.275.285.29 901 -005 0 005 0.1 0.15 0.2 0.25
M, (GeV/c?) AE (GeV)
B°— Klete™
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http://arxiv.org/abs/1908.01848

[Belle, arXiv:1904.02440]

Ry« AT BELLE

Using 711fb~! data, Belle measure  *°

RK* 15 ]
o Find 103+ 13 B— K*ete™ l
and 140 + 16 B— K*utu~ seore—t1— | — ]
decays, adding B® and BT st ]
+$+  Data for B modes
o Cross-check B SM prediction
ryp = 1.015 £ 0.025 £ 0.038 T Ty 2

@ Results, split by B° and Bt = 20

15}
% £ —_—t
3 H
g g L1of | —t— ]
s S X
[ 05} l 1
~§+  Data for B* modes
[ SM prediction
2 E 0.0 L~ L L L
I DR N . .| 0 5 10 15 20
2 L L huit! 2 L L I P 2 4
522 524 5.26 . fezesvrcz) 5.22 524 526 w(sszeswc?) q (GOV /L )
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http://arxiv.org/abs/1904.02440

Rx AND Rk~

D b
b . «
) TG N
1.4 : T 1.4 [
124 T 1.2 I 1
—_ 1 I T
< T ! & i
o 1.0 == o 1.0 : :
L
084 " i B LHGh 19 0.8 I B vLHCbh 17
e 1 -
oo B Bele19 . F— B Belel
} - E BaBar 12 v E BaBar 12
0.4 = T 0.4 T T T T T

o
o

LHCb pHEP 08 (2017) 055] [PRL 122 (2019) 191801].

BaBar [pro s6 (2012) 032012].
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Belle [arxiv:1904.02440] [arxiv:1908.01848].
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http://arxiv.org/abs/1705.05802
http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1904.02440
http://arxiv.org/abs/1908.01848
http://arxiv.org/abs/1204.3933
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BFS TOO LOW IN b— sutpu~ DECAYS? lo"ef'
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oo LHCb 2B s T S - E
Q g - 8 1f o E
3, 56 + }Dua S b Daa E
= O ] = sE + 2
] Y H5EE oy o L Tl E
2 + R —t— Z o8k wm ,.l_. E
0. = o S v E
pp- - EEEG o ]
5 : i i < oof -+ LHCb 4
X X N ¢ [GeVied] = N . L L
0 10 15 — 0 5 10 15 20
o [GevZci] Bg — qb,u+ M o [GevZc]
— 0 —
B — K*0u+u [JHEP 09 (2015) 179] Ab — AMJF/L
[JHEP 11 (2016) 047] [JHEP 06 (2015) 115]
.| CSR Lattice -e-Data . |_CSR Lattice -e-Data mm|CSR Lattice --Data
& T T T T 3 T T T T o 20 T T
% 5| B*HK*[I*;I__; % 5 B0, K°#+lf E % B+ﬂK'+[.l+;l_
Q4 LHCb § 9 4 LHCb § Q9 15 LHCb
X2 ERER2) )
o 3 + ER 1 S N 1
24t 124 Ht 12 +
5r |
5, | & + ig e \+
oQ i n i 1 3 a 1 1 1 1 o i I I I
o % 5 1 15 20 © 10 15 20 T 0 5 10 15 20
P [Gevcy] e [GeVv3ic] R [Gevicd
+ + .+, 0 0,,+,— + ot g,
BY— KTutu B°— Ku™ BT— K" u*u
[JHEP 06 (2014) 133] [JHEP 06 (2014) 133] [JHEP 06 (2014) 133]
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http://arxiv.org/abs/1606.04731
http://arxiv.org/abs/1506.08777
http://arxiv.org/abs/1503.07138
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[PRL 115 152002 (2015), arXiv:1509.06235v2] [PRD 93 025026 (2016), arXiv:1507.01618]

B— h{T/~ FORM FACTORS FROM MILC

< &80T ‘ : : .
18 ‘> Form factors + CKM + Others ===
Lo & 06} Form factors only _
E 14 = LICb14 (B") —s—
Lo S o5l LHCb14 (BY) —— |
= 1 ?F’ Babarl2 ———
T T 0.4 CDF11 —e— |
i o = Belle09 ———
106 _ =y
S 04 = 0.3 1 o ; 1
y ! - =
. N\ 0.2 | 1 _I_ }
T 06 /\ T 011 ——
< g-: /\\V % - ;E*
S| -2 \’ & T o \ 0 L L L L |
T 0 5 1 15 20 2
7 [Gev?] g*(GeV)

Bt — 700~ phep 1o osyosqg and B — K016~ puep o6 (2014) 133 are all
below the lattice computations.
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http://arxiv.org/abs/1509.06235v2
http://arxiv.org/abs/1507.01618
http://arxiv.org/abs/1509.00414
http://arxiv.org/abs/1403.8044

[JHEP 08 (2017) 055] [PRL 122 (2019) 191801] [arXiv:1904.02440] [;RD 86 (2012) 032012]
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http://arxiv.org/abs/1904.02440
http://arxiv.org/abs/1204.3933
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B Ktn= ¢t/ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions

1 d4|- 9 [3 ) :
r 2 =— |-(1— Fp)sin“ Ok + Fy, cos”
ldcosfdcosfx dpdg? 32w 4( L) KT L K

1
4 Z(l — F) sin? O cos 20y — Fy, cos? O cos 26,

+ S3sin? Ok sin® 6, cos 2¢

+ Sy sin 20k sin 20, cos ¢
e + Sg sin 20 sin 6, cos ¢
+ Sgsin O cos By 4+ Sy sin 20 sin By sin ¢
+ Sg sin 20 sin 20 sin ¢

§

(b) ¢ definition for the B° decay

+ Sgsin Ok sin? Oy sin 2¢

=»> Many observables depending on
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B Ktn= ¢t/ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions

1 d4|- 9 [3 ) :
r 2 =— |-(1— Fp)sin“ Ok + Fy, cos”
ldcosfdcosfx dpdg? 32w 4( L) KT L K

0.2

1
4 Z(l — F) sin? O cos 20y — Fy, cos? O cos 26,

SM
0.1\ + S sin? O sin? 0 cos 2¢
" CGAISSMun + S4 sin 20 sin 20, cos ¢
% o + Ss sin 20 sin 0y cos ¢
.2 . . .
0 My + Se sin” Ok cos 0y + S7 sin 20 sin O sin ¢
+ Sg sin 20 sin 20 sin ¢

-0.3

7 GeV?) + Sgsin® Ok sin® O sin 2¢

[Altmannshofer et al., JHEP 0901:019,2009] > Forward_baCkward asymmetry

[Kriiger & Matias, Phys.Rev.D71:094009]
[Egede et al., JHEP 0811:032,2008] [Ali et
al., Phys.Rev.D61:074024]
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http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221
http://arxiv.org/abs/hep-ph/9910221

B Ktn= ¢t/ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions

1 d*r 9 [3

= = =—|-(1- sin? O + [ cos? 0
lNdcosydcosfx dpdg? 327 4( ) K K

+-(1- )sin2 O cos 20, — [ cos? Ok cos 20,

|@l [rad]

+ S3sin? Ok sin® 6, cos 2¢

+ Sy sin 20k sin 26, cos ¢

+ S5 sin 20 sin 0, cos ¢

: i + Sgsin O cos By 4+ Sy sin 20 sin By sin ¢
cos Ok 4 Sgsin 20k sin 20, sin ¢

Definition of Ss

+ Sgsin Ok sin? Oy sin 2¢

[Altmannshofer et al., JHEP 0901:019,2009] -> Pg = S5
[Kriiger & Matias, Phys.Rev.D71:094009]
[Egede et al., JHEP 0811:032,2008] [Ali et
al., Phys.Rev.D61:074024]
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http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221
http://arxiv.org/abs/hep-ph/9910221

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

i
ANGULAR ANALYSIS OF B%— K*0utp~  Lop %

Update of [HEP 08 (2013) 131] and [PRL 111 (2013) 191801] tO

3 anrey
3 fb~1. S-wave is taken into account, we have i R
finer bins, and no ¢ folding is needed. §
@ Angular acceptance obtained from MC ~_ .
and validated on B% — J/i) K* decays. S s
o Max Likelihood fit: 4D fit to m(K*n ™) T S e
and three angles in bins of ¢°. %1‘”
o Here 1.1 < g2 < 6 GeV?/c* is shown. o 4
o 2398 + 57 decays found in total. e
cos 6
§ 50¢ g? g 20) |
8 §

0.8 0.85 0.

9 095
m(K*77) [GeV/c?g
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1304.6325
http://arxiv.org/abs/1308.1707

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

by
ANGULAR ANALYSIS OF B%— K*0u ™ Loph

Update of [JHEP 08 (2013) 131] and « o £of —

_ . . s romAssz +

[PRL 111 (2013) 191801] tO 3 b 1. S-wave is b T g n A
taken into account, we have finer bins,  .* - e
and no 2] fOldlng is needed. : ® e ° ® e
e Angular acceptance obtained i L o e |
. + e

from MC and validated on $$++ L $$_|_+ L
B%— Jjb K* decays. T d b
@ [Gevict @ [Gevich

o Max Likelihood fit: 4D fit to 7 of T of
m(K*7~) and three angles in CTHR i A

H -t +
bins of g°. =t = T ]
@ Observables consistent with SM, ; R . ) o

except 5 LHeo ° LHeo

Pt 35 ot ,
+1 + +_H:1‘T T
’ P o ’ @loevcy
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1304.6325
http://arxiv.org/abs/1308.1707

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

i
ANGULAR ANALYSIS OF B%— K*0utp~  Lop %

Update of [JHEP 08 (2013) 131] and ae I T T T
[PRL 111 (2013) 191801] tO 3 fb~l. S-wave is LHCb
. . . 0'5%. SM from DHMV ]
taken into account, we have finer bins, F + { DHEP12(2018)125] ]
and no ¢ folding is needed. T
o Max Likelihood fit: 4D fit to o ++ + ;
m(K*7™) and three angles in i ]
: 2 R 5 10 15
bins of g~. @ loeviic]
@ Observables consistent with SM, £ o - - -
except Ss i + —J
o Py =55/\/FL(1—Fp) has a . AN ]
local discrepancy in two bins t;: ‘
@ App seems to show a trend, but i L_H;wammABsz ]
is consistent with SM o . L. [EpicTspotsyer ]

0 5 10 15
Q2 [GeVc]
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http://arxiv.org/abs/1512.04442
1411.3161
http://arxiv.org/abs/1304.6325
http://arxiv.org/abs/1308.1707
1407.8526

b,
ANGULAR ANALYSIS OF B%— K*0u ™ Loph

What is Pg?

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

[ -
. . . Ir LHCb
It is an asymmetry built with cosfk 0-5%_*_ M from DHMY
and |¢|, shown in the sketch. (inte- - B s
grating over one of the two gets zero). . T+ ]
. . . o5 —+ ]
The discrepancy with the SM predic- ; + —t+—
tion is visible in both angular distribu- & 5 i 15
. 2 2

tions. o [Geviet
b 250 T |
S L LHCb ) 1
% 200} 40< 2 <80GeVct {
— C — Best fit 1
2150} --- Standard Model {
g S . .. BB
E 100 = -
E] 13 2 E down up E
% “ 8 W s0cee 7 § 50! E
g T O S8 amon 1 E - . ]

g ° g E 95200 5400 _ 5600
” 8 E m(K* 77 pt i) [MeVicg

i : |a[r§d]
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http://arxiv.org/abs/1512.04442
1407.8526

e LHCbdata o ATLASdata
= Belledata © CMSdata
[ sM from DHMV
¥ sm from ASZB

-

W(29)

15
o? [GeV?/cd

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
CMS [PLB 781 (2018) 517], ATLAS [arXiv:1805.04000]
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1604.04042
http://arxiv.org/abs/1710.02846
http://arxiv.org/abs/1805.04000

T T
SM from DHMV

D_ - .
I ® LHCb Run 1 andysis 1

0.5~ 0 Belee'e arXiv:1612.05014 |
~LL o Belle p*y arXiv:1612.05014

LT i l i

g
|
|

—05F -
i . ]
: R
4L [ N T B SR

D 5 10 15
o? [GeV?/ Y

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
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FrLaA ANOMALIES

Flavour
anomalies
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Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [42 / 83]



< S
W, W H,

7
V4
gl b—P—= > ¢ {pw
du « d,u

T versus (e lepton universality can be tested with

B(B— D¥)7v)
(=227 = ) =
RIO™) = 565 Doy (e

which is well predicted in the SM (# 1 due to phase-space, etc. .. )
R(D*) 2 0.252£0.003,  R(D) % 0.297 £ 0.017

Kamenik et al., PRD 78 014003], [Fajfer et al., PRD 85 094025], [BABAR, PRD 88 072012]
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http://arxiv.org/abs/0802.3790
http://arxiv.org/abs/1203.2654
http://arxiv.org/abs/1303.0571

[LHCb, Phys. Rev. Lett. 115 (2015) 111803, arXiv:1506.08614]

B°— D*t7rv AT LHCb

%zouoo 040< < 2.85 GOVl LHCbE § wnof DwsEzmeNE o] @ Se|eCt D* W|th D0_> K_7T+
& 15000 E § 3000} _ .
% s Epr and u~, forming a good vertex
i 15 separated from PVs, and
© i ] P e g . . .

A w v M w2 isolated using dedicated MVA
%5 30009 285<q’ < 6.10 GeviIc* [Acb] 3 12000F  285<q'<6106ev’C _  LHCH] .
5 oo El 3 B° — D*t1~ v with
3 g E _ o
§ 1m0 18 wp T — p vv and
5 ; B° — D*tp~7: same final

B B T s I 1060 1500

M 071" state.
% 6.10<q’ <935 Geva/c LH(‘X)E E 610<q° <9.35Gevz/c?
$ it Disentangled by kinematical
g k- variables : g2, E;, m2 e
s o The B momentum is
C_ mcw) il approximated from the boost

9.35< ¢ < 1260 Gava/c LHCb 535 < <1260 Gev'lc

of the reconstructed system.

Candidates/ (75 MeV)

A template fit in g2 bins
determines signal yields

Candidates/ (0.3 Gev?/c*)

68 o 500 1000 1500 2000 z’g
mz,_ (Gevi/c?) £ (MeV,
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http://arxiv.org/abs/1506.08614

[LHCb, Phys. Rev. Lett. 120 (2018) 171802, arXiv:1708.08856][LHCb, Phys. Rev. D97 (2018) 072013, arXiv:1711.02505]

B®— D* 7y, WiTH 77 — 7ntn 7 (70w,

The ratio R(D*) = ggjg—m is mea-

sured above the SM.
@ So far all measurements used
77— utv,v,, which provides the
same final state as B— D*p*v,
@ Here for the first time, i
7T = a2t (707, is used.

@ The main background is
BY— D*~ntn~ 7. The two are
separated exploiting the 77 lifetime.
o A BDT is used for that purpose
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http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1711.02505

[HFlav'19]

B— D®)ry HFLAV AVERAGE

-/k-\ N -
a B HFLAV average Ax?=1.0contours ]
[0 04+ —]
[ LHChi5 ]
035 —
03f =
025 =
- Balel7 =
0.2 - SM + Average of SM predictions HFLAV &
- R(D) = 0.209 + 0,003 .
r R(D*) = 0.258 + 0.005 P00 = 27% ]

N R AR B A

0.2 0.3 0.4

R(D)

BABAR [PRL 109 101802 (2012)] [PRD 88 072012 (2013)] Belle [PRD 92 072014 (2015)] [PRL 118 211801 (2017)] [PRD
97 012004 (2018)] [arXiv:1904.08794] LHCb [PRL 115 (2015) 111803] [PRL 120 (2018) 171802]. Theory [FLAG EPJC77
2017) 112], [Faijfer et al., PRD 85 094025 (2012)]

Nik[hef
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [46 / 83]



https://hflav.web.cern.ch/
http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1303.0571
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1612.00529
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1904.08794
http://arxiv.org/abs/1506.08614
http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1203.2654

FLAVOUR ANOMALIES

Angular

b— cTtv

" Flavour L trees A g
ﬁ&' anomalies  ja , £ | [—d
\-‘j"‘; "' ”' g e 0 Hi‘,]]|‘ "! wm

N | 1 b'
NI TR T N
) = |
€—f4 uni- 1] ' " R,
versality 7 ! ' \ Ad
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ARE WE ALREADY SEEING NEW PHYSICS?

= T T
= « LHCbdaa o ATLASdaa
@ « Belledta © CMSdata
2 0.5 [ sv fromDHMV
§ 77 sM from ASzB
2 v
= Eis
5 -
g ’)
- 2 @

s 08 S ’ g
> g
3 )
£ 4 :
2 0 5

600 800 1000 1200 1400 1600 1800 @ [Gevzlc“]

my [GeV]

Plin B— K*ptp~
5
Excess at 750 GeV [JHEP 02 (2016) 104]

[ATLAS-CONF-2015-081]

= ) ! ! |
& F e ¢ 10 emious
& o4l |
y DHMZ 2019 — BNL-E821
‘ vor 1248 @39 ohe
osE — E
M-mmmi 4
| nTo01s —
o0k s Foaars E 210436 6710
02— o +Anv:§ien?”wmmm
R 22018 ——
, : 52t am
o 5 o
; :
) ) e e
¢* [GeV?/c!) b— cTv [HFlav =600 -500 -400 -300 -200 -100 0 100 200
. a,-al” [x107]
Lepton universality arXiv:1909.12524]

Muon g — 2 [Davier, Hoecker,

[PRL 122 (2019) 191801] ... Malaescu, Zhang]

There is a handful of intriguing 3—40 anomalies
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Patrick Koppenburg Physics of Flavo 06/11/2019 — Imperial College HEP Sei

inar [48 / 83]



http://arxiv.org/abs/1405.3447
http://arxiv.org/abs/1405.3447
http://cds.cern.ch/record/2114853
http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1909.12524
http://arxiv.org/abs/1909.12524
http://arxiv.org/abs/1908.00921
http://arxiv.org/abs/1908.00921




Patrick Koppenburg @PKoppenburg - 2j
While preparing for 2 seminars, let's ask the

vox populi. The flavour anomalies are

Leptoquarks 21%
Supersymmetry 7%
Something else (discuss) 28%

67 votes * Résultats finaux

Q 3 0 2 Q3 =<5

#im Paul de Jong @DeJong1007 - 1j
+8  So, what do you make of the outcome of the
poll?

BREAKING NEWS °: m <

Monica Vazquez

CERN REPORTS Niukeess

En réponse a @DeJong1001 et @PKoppenburg

| think the outcome deserves to be

~ [EEEZE THERE'S SOMETHING FISHY WITH NSRSt

Nik\jw_ef

T
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[HFlav]

7 DECAYS LEPTON UNIVERSALITY

F(L—> l/[_fﬁ[(’y)) = gfggz X f(mL, mpy, mw) [HFAG]

Using PDG BFs (ppc 2014, Chin. Phys. C38 090001]:

() = 1.0010 + 0.0015, (gr> = 1.0029 £+ 0.0015

8e

(g“) — 1.0019 + 0.0014

Similarly, using 7— hv, and h— pv,, decays

(*‘%) — 0.9961 + 0.0027, (gT> — 0.9860 + 0.0070
8u) . 8u )

This is obviously work for electron machines, including BESIII.
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http://www.slac.stanford.edu/xorg/hflav/tau/spring-2017/lepton-univ.html
http://www.slac.stanford.edu/xorg/hfag/tau/summer-2014/lepton-univ.html
http://pdg.lbl.gov/

[Di Luzio, Kirk, Lenz, PRD97 (2018) 095035, arXiv:1712.06572] [arXiv:1811.12884]

BY MIXING AND b— s{T(~ ANOMALIES

Q
—A5

5 <+—Ll—<—c"
New physics in b— s/t{~ tran-

sitions, this is (bs)(¢*¢~) neces-
0.00 : - - - -

sarily affects BY mxing at some 24 6 8 10 12
MZ/ / TeV

Constraints from BY mixing and
Rk on Z' mass and coupling.

Jude d)

o207 (20 €

level.

But the constraints are the wrong
way.
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http://arxiv.org/abs/1712.06572
http://arxiv.org/abs/1811.12884

[CKMfitter 07/15)

UNITARITY TRIANGLE

The data agree very well!

T | T R e e I E
w —
3 ! ¥ Am s ]

'
08 é H Amd £K Summer 18 =
E : 3
0.5 s ! ]
© H sol\w/\cos 28 < 0 -
3 (excl atCL>0.95)  —
0.4 El —
1= : : 3
03 i o7
| 3
' o J
0.2 H —
' _
' J
i 3
0.1 0 N
- 2 B q
0.0 P I b, PO IR O B N

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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http://ckmfitter.in2p3.fr/

[Glashow, Guadagnoli, Lane, PRL 114, 091801 (2015), arXiv:1411.0565]

LEPTON-UNIVERSALITY VIOLATION IN B DECAYS?

[...] any departure from lepton uni-
versality is necessarily associated with
the violation of lepton flavor conserva-
tion. No known symmetry principle
can protect the one in the absence
of the other.

Thus, LHCb's reported value of Rk im-
plies, e.g., that B — K®u*eF and
B — K®u*rF must occur at rates
much larger than would occur in the SM
due to tiny neutrino masses. We urge
that these and other lepton flavor vio-
lations (LFV) be sought with renewed
vigor in LHC Run Il and elsewhere.
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http://arxiv.org/abs/1411.0565

[LHCb, arXiv:1909.01010, submitted to Phts.Rev.Lett.]

SEARCH FOR BT — KT pu*eT

See also
B —> eji pHEP 03 (2018) 078]
B — T4 [arxiv:1905.06614]
DO — €[l [PLB 754 (2016) 167]

LA

Candi

4500 5000 5500 6000
m(K*ue) [Mevicy]
o N T T
o -
s 4 LHCb ]
S [ i Data
o) — Background only
- 2 -+~ Signal model 1
8
®
©
°
5 1
0 i 3
4500 5000 5500 6000
m(K*ute) [Mevic)

If lepton universality is violated, lepton-
number conservation may be too

o LHCb search for BT — Kt puteT
with Run 1 (3fb™!) data

o After full (BDT) selection,
combinatorial background
dominates

@ No signal found
Limits (90%) set as

BBt — Ktute™) <7.0x107°
B(B*— Ktpu~et) <6.4x107°

More than a factor 10 better than previ-

ous limit [BaBar, PRD73:092001,2006]
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http://arxiv.org/abs/1909.01010
http://arxiv.org/abs/hep-ex/0604007
http://arxiv.org/abs/1710.04111
http://arxiv.org/abs/1905.06614
http://arxiv.org/abs/1512.00322
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[Buchalla, Buras, Lautenbacher, Rev. Mod. Phys.68 (1996) 1125]

OPERATORS
Operator
Effective Hamiltonian ‘H
AM — F) = (F |Hese| M)
4Ge .. O
Ogv Hetr = —— VisVer > Ci() Oi(1)
V2 i=1
@ Operators O;: Long-distance effects
O104 o Wilson coefficients C;: Short-distance effects
(masses above p are integrated out)
New physics can show up in new operators or mod-
Os.p . ified Wilson coefficients
Nik|hef
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http://arxiv.org/abs/hep-ph/9512380

[Buchalla, Buras, Lautenbacher, Rev. Mod. Phys.68 (1996) 1125]

OPERATORS

er 10
Heft = =~ & Vi Vip ; Ci(n)Oi()

Operator V2

077 . b— sv 077 = g%lr“;mbﬁawF“”bR
Ogy . b—s stti— Ogy = M (517,,b.)(E40)
O10a . b— stti~ O10a = L2 (5.79,b.)(Ev4450)
o . B—utu~  Osp=2L(5.br)(01%0)
(Add primed operators for right-handed currents)
Nik[hef
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http://arxiv.org/abs/hep-ph/9512380

[Buchalla, Buras, Lautenbacher, Rev. Mod. Phys.68 (1996) 1125]

OPERATORS, SEPARATELY FOR € AND

Operator

« All G calculated at NLO if

o not NNLO in SM

1%
+ We need to measure all
coefficients

« Any discrepancy is a sign of

O10a New Physics

OS’P .

Nik[hef
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http://arxiv.org/abs/hep-ph/9512380

[Buchalla, Buras, Lautenbacher, Rev. Mod. Phys.68 (1996) 1125]

OPERATORS
Operator
Ogv - b—s sete~
Ogy b— sputu~ So far operators assumed
to be lepton-universal.
What if not?
Ofoa . b— sete~
Nik[hef
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http://arxiv.org/abs/hep-ph/9512380

[Aebischer et al., arXiv:1903.10434]

B-DECAY DISCREPANCIES AFTER MORIOND

—— NCLFU observables 20 Y. — Rg- 1o .
b sup & corr. obs. 1o flavio 3.0 R A2 =1 flavio
154 — global 1o, 20 —— NCLFU observables 1o
b— spp & corr. obs. 1o
251 — global 1o, 20
1.0
2.0
22 05 .15
O &)
1.0
0.0 4
0.5 1
~05
0.0 4
-1.5 -1.0 —0.5 0.0 0.5 -3.0 -2.5 -2.0 -1.5 -1.0 —0.5 0.0
e o
CO CS)

After the Ry [PRL 122 (2010) 101801] and Ry, updates, the best fit is still away
from the SM. But there's little room for right-handed currents.
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http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1903.09252

[Sébastien Descotes-Genon at Beauty'19]

FITS TO RECENT b— sfT¢~ DATA

NP hypotheSiS ‘ [Alguerd] [Aebischer] [Alok] [Arbey] [D’'Amico] [Kowalska]
Vector: C(_l)\lMP 560 590 620 530 650 470
V-A: Cé\'up =— 1'\62 520 6.60 640 450 590 480
RH : Gy =—Cy, | 5.50 6.40

They differ by 154 s By AF =210

b syt & Byg — pp & AF =2 & Ay — A 1o

o Uncertainties of QCD-related
quantities (form-factors)

e External constraints used
(Oscillation frequencies Amy s)

bsyup
Ol 0

o

G

0.0

@ Some of the data
(A2—> AILL+ILL7 Only in [Aebischer])
e Statistical treatment [Aebischer]
(frequentist versus Bayesian) s e e 0 0s

bsup
Cy

Nik[hef
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [57 / 83]



http://indico.ijs.si/getFile.py/access?contribId=20&sessionId=4&resId=0&materialId=slides&confId=1031
http://arxiv.org/abs/1903.09578
http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1903.09617
http://arxiv.org/abs/1904.08399
http://arxiv.org/abs/1704.05438
http://arxiv.org/abs/1903.10932
http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1903.10434

[Aebischer, Fael, Lenz, Spannovsky, Virto et al., arXiv:1910.11003]

SM ErrFeECTIVE FIELD THEORY

1
Lsmerr =Lsm+ Y > WC,-(D) o”

@ Describes InE
low-energy A
processes, EW and
Higgs, top, high-pr
(as long as v~ mi—
E < /\Np)

@ Asssumes large Anp,
no other light my -

particles. . .

D>4 i NP

Simplified o .

Models (Pyrq)Uj, ———> highpr
av"q) (I,

SMEFT @y (.7)( ul)

' un

¥
v

= EWPT

(87" bu) (feypupee) (" bu)(Fe) (87" s)(fLyue)
WET ! n ! ! run
% ¥ ]
B — KWt~ B— DWry T du

[Straub, Lyon 2019]

o Broader scope as weak effective theories, but is less general

@ Studies correlations between CC, NC, EW phase transitions. . .
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http://arxiv.org/abs/1910.11003
https://indico.in2p3.fr/event/18646/contributions/74406/attachments/54799/71956/straub-lyon-2019.pdf

[Aebischer, Fael, Lenz, Spannovsky, Virto et al., arXiv:1910.11003]

SM ErrFeECTIVE FIELD THEORY

1
Lsmerr =Lsm+ Y > ﬂci(D) o
p=a 7 Mp

@ Describes
low-energy
processes, EW and

Higgs, top, high-pr

But a single generic operator like

1 ijaB (A iN(T L
ﬁ [C/q]J (QiA/mUQJ)(LOﬁ/‘ Lﬂ)

(as long as with @ and L left-handed quark and
E < Awp) lepton fields with generation indices

o Asssumes large Anp, i,j,a, B in 1-3 has 3* complex
no other light coefficients =» 162 reals.
particles. . .

o Broader scope as weak effective theories, but is less genera
o Studies correlations between CC, NC, EW phase transitions. . .
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http://arxiv.org/abs/1910.11003
http://arxiv.org/abs/1910.02641

[Buttazzo, Greljo, Isidori, Marzocca, JHEP 11 (2017) 044]

GUIDE TO COMBINED EXPLANATIONS

EFT fit to flavour data

1 . . . P

Lo = Lavi = o MNos [ Cr (QLwo® @(TE"0L]) + Cs (Q{u@(TEH"L7)]

e Assuming U(2)q x U(2),
flavour symmetry and

0.06F % T
minmal breaking 004l ‘\‘ ,
e Two regions preferred by fit, Y
one nicely matching vector 0.02p \
leptoquarks - \
0.00f ======mmmm e o]
[Uf = (3.1,2/3)]. > ]

1

1

o Escapes contraints from -0.02} , )

B mixing y

. . —0.04 I

o Options with scalar /
S. !
leptoquarks (S1,S3) or new  —0.06k ¥

bosons W' are less favoured.

Sp
—-0.06 -0.04 —0.02 0.00 0.02 0.04 0.06

Cr
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http://arxiv.org/abs/1706.07808

OPENING UP THE OPERATORS

b > > &
!/
z L
l
b > > l
S
LQ .
L
Nik[hef
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NEW PHYSICS

o b— s{T¢~ hints toward a new vector current (Gg) = a Z'?

b s
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NEW PHYSICS

o b— s{T¢~ hints toward a new vector current (Gg) =¥

b s

VA

¢
e Won'tdo b— c7 v

aZ?

B e S ——
B? ~ \pH)
{d,ﬂ ¢ d,n}

=< W, Z triplet? Or H*?

% Beware of B mixing and of the B lifetime

s o b b X’
BS>W,<§° > v <
B S c X
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NEW PHYSICS

o b— s{T¢~ hints toward a new vector current (Gg) = a Z'?

z' w,’ %
gl t——t—p——c
B? ~ \pH)
' {d,ﬂ .| d,n}

e Won'tdo b— cr v = W', Z triplet? Or H*?
% Beware of B mixing and of the B lifetime

=» Leptoquarks?

b l

LQ 5
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NEW PHYSICS

o b— s{T¢~ hints toward a new vector current (Gg) = a Z'?

z' w,’ %
gl t——t—p——c
B? ~ \pH)
' {d,ﬂ .| d,n}

e Won'tdo b— cr v = W', Z triplet? Or H*?
% Beware of B mixing and of the B lifetime

=» Leptoquarks?

b l

LQ 5

B

4

t It's tough for supersymmetry, but susy never dies. ..
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[CMS, JHEP 1807 (2018) 115, arXiv:1806.03472]

Using 36fb~! 13TeV data, CMS
search for b7 7~ signatures

@ Single production of
third-generation leptoquarks

X No excess found

@ Excluded for masses below
740 GeV/ c?

g b
9 b
Lo
P o
1
. LEQI, , 7

Lok
/\\T

Physics of Flavour

[ T b
Nik[hef _
Patrick Koppenburg

35.9 fbl (13 TeV)

_fgloz...|...|...|...|...|...|.
g CMS -&- Observed 95% CL
; 10 === Expected 95% CL

. Expected * 10,
Expected + 2 g,

‘experiment

5 Bl 0o (=1, p=1)

experiment

10

1072

107

1000 1200 1400

200 400 600 800
Leptoquark mass (GeV)
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http://arxiv.org/abs/1806.03472

[CMS, JHEP 1807 (2018) 115, arXiv:1806.03472]

Using 36fb~! 13TeV data, CMS

25
search for b7 7~ signatures =
@ Single production of 2.0
third-generation leptoquarks .
15F

X No excess found

@ Excluded for masses below
740 GeV/ c?

@ Most of the phase space
preferred by R(D™*)) is still

0.
allowed P ,
b
L -
-
1
b L?/' = Lok T
1
b
Nik]hef

T
Patrick Koppenburg

Physics of Flavour

0

b

1ofF

0.5F

I CMS
: w Preferred by

~ \ B-anomaly (95% CL)
r Excluded (95% CL)
N JHEP 07 (2017) 121

Exp. 95% CL

r Z8

= Obs. 95% CL

N 1 N
1000
Leptoquark mass (GeV)

500
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http://arxiv.org/abs/1806.03472

[ATLAS, PLB 796 (2019) 68, arXiv:1903.06248]

SEARCH FOR Z'— ¢T/~ RESONANCES

Search for narrow dilepton (u™p™
and et e™) resonances with 139 fb~?
Run-2 data.

X No local excess found
e Limits set on o(Z’') x B

ATLAS
Vs =13 TeV, 139 fb™

Events / 10 GeV

« Data
—— Background-only fit
--- Generic signal at 1.34 TeV, [/m = 0%

Generic signal at 2 TeV, F/m = 0%
-+ Generic signal at 3 TeV, F/m = 0%
.

4
E T oy —
2
4

% YA TRAS Q*"VW "4#' T "N R |
g
= 3x10° 10° 2x10°  3x10° — 5
m,, [Ge! =)
[Gev] © 4 ATLAS Vs =13 TeV, 139 fb*
> E 3 g 0-width resonance
8 10t p ATLAS S 3
=) E Vs=13TeV, 139 fb™ £ o
— 3 L K
2 10 E %
g [ ©
il E 3]
@
S 0
« paa _
— Background-only fit 1
-+~ Generic signal at 1.34 TeV, ['/m = 0%
Generic signal at 2 TeV, /m = 0% ;
101 - - Generc signalat 3 Tev,m = 0% ee channel
— £ - Hu channel
= — — Il channel
S 2ttt s i b E
& o *v”” oy *wwv LR i 5E . P \3 — ——
g 4 . - . . 3x10° 10 2x10°  3x10
= 3x10 10 2x10° 3x10
m,, [GeV] m, [GeV]
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http://arxiv.org/abs/1903.06248
http://arxiv.org/abs/1908.03031
http://arxiv.org/abs/1908.03031

[ATLAS, PLB 796 (2019) 68, arXiv:1903.06248]

SEARCH FOR Z'— ¢T/~ RESONANCES

Search for narrow dilepton (u™p™

g Uatlas Lo _ 7
x 10} 5= 13Tev, 139 b and e e™) resonances with 139 fb
5k
| Run-2 data.
X No local excess found
107Y
e Limits set on o(Z’') x B
10° P . L
i o — o @ Can be turned into mass limits
1000 2000 3000 4000 5000 6000 'F b h k . .
. e or benchmark scenarios:
- : : 4.5-5.1TeV
;f ATLAS i
x 10k f5=13Tev, 139 fo! 5
o ;
1 3
107t 7;
Wi —pmmmme

Il Il Il L Il )
1000 2000 3000 4000 5000 6000
m, [GeV]
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SEARCH FOR Z'— ¢T/~ RESONANCES

M, =300 GeV j
|
10
2
P
2
CR )&
=
£ .
5 / 2p+1b(2b)
w 0.1 3u+E E
- so
// 3o
0.01 L
006 0.1 0.3 06 09
Zu
35 T T
\\ My’ =500 GeV
10 \ - 4
—~ —
w
2)
8 1 E
=
<
5]
S
g 01 2u+1b(2b) B
B / e
5c
/ 30
0.01 / i
. L
0.1 03 05 115
m

[ATLAS, PLB 796 (2019) 68, arXiv:1903.06248]

. .
Search for narrow dilepton (™ pu™

and et e™) resonances with 139 fb~?
Run-2 data.

X No local excess found
e Limits set on o(Z') x B

@ Can be turned into mass limits
for benchmark scenarios:
4.5-5.1 TeV

@ and recast into limits for
models that could explain
flavour anomalies. Here
bb — Z'0 0™ [Falkowski, Kumar Ghosh et

al., arXiv:1908.03031]
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35.9 fb™ (13 Tev)
T T

- Observed 95% CL
Expected 95% CL
1

Expected + 1

Expected + 2 0,

Bl 0=1,8=1)
Flavour
anomalies

500 1000 1200 1400
Leptoguark mass (GeV)

Lattice

Leptons,

Kaons
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[A. Sakharov, Pisma Zh.Eksp.Teor.Fiz. 5 (1967) 32]

SAKHAROV CONDITIONS

Necessary conditions that a baryon-
generating interaction must satisfy to
produce matter and antimatter at dif-
ferent rates:

@ Baryon number B violation

© C-symmetry and CP-symmetry
violation (CP |q) = £ |q))

@ Interactions out of thermal
equilibrium
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[Kobayashi, Maskawa, Progr. Theo. Phys. 49 (1973) 652]

CKM MATRIX ELEMENTS

s W= s W= s W
7/ /7 Y
d L u s 2z [V ) R S—}
s W s Wt s W—
Vokm = ’ ’ ’
c L d c Vi s ) —e_C
s Wt s Wt s Wt
/ /7 /7
t L d t L S [ A )
Vud Vus Vub
— Vcd Vcs Vcb
Via Vis Vi
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http://dx.doi.org/10.1143/PTP.49.652

[Kobayashi, Maskawa, Progr. Theo. Phys. 49 (1973) 652]

CKM MATRIX ELEMENTS

s W= s W= s W
7/ /7 Y
d L u s 2z [V R S—}
s W s Wt s W—
VCKM = /7 V4 7/
c L d c Vi s ) —e_C
s Wt s Wt s Wt
7 7/ /7
t L d t L S [ A )

This matrix is
UNITARY: as much gets in as gets out
COMPLEX: it's quantum mechanics

=» A SINGLE PHASE cannot be rotated away. It is the source of all
known experimental CP violation effects.
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[Kobayashi, Maskawa, Progr. Theo. Phys. 49 (1973) 652]

CKM MATRIX ELEMENTS

... and how they are actually measured

Wzég ,4?— ,4?—

e lr K—F—/———}r B{———Ir
VerMm = ,4 = Py 0
D{—%t——=—)r D{—%———)}K B{—%——1D

R A

Only the top-quark row is somewhat complicated
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[Kobayashi, Maskawa, Progr. Theo. Phys. 49 (1973) 652]

THE CKM MATRIX

[Wolfenstein, PRL b1 (1983) 1945]
Nik|hef ) " N N
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[CKMfitter 07/15)

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation

0.7 L A B S B — T T ™
2 ! 3

o —

A —

08 6 D EK Summer 18 —
. arg 5 -

e - —

0.5 s g a -
& solwicos2<0 ]

b ~ excl.atCL>0.95)

04 El —
3 _

= 8 ' [ d 3
| .

d -

b - S =

b | \\ .

0.1 ' \\\\ _:
' B E

Il PE—— ~
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[CKMfitter 07/15)

UNITARITY TRIANGLE

The data agree very well!

T | T R e e I E
w —
3 ! ¥ Am s ]

'
08 é H Amd £K Summer 18 =
E : 3
0.5 s ! ]
© H sol\w/\cos 28 < 0 -
3 (excl atCL>0.95)  —
0.4 El —
1= : : 3
03 i o7
| 3
' o J
0.2 H —
' _
' J
i 3
0.1 0 N
- 2 B q
0.0 P I b, PO IR O B N

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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[LHCb, Phys. Rev. Lett. 110 (2013) 221601, arXiv:1304.6173]

CPV IN B®— K*r~ aND BY— K7

LHCb
(@

(b)

[ 1B%kKkx
BX>Kn
B%>nn
BY>KK

3

2

oy

ki P e
51 52 53 54 55 56 5.7
K*~ invariant mass [GeV/c?]
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http://arxiv.org/abs/1304.6173

[LHCb, Phys. Rev. Lett. 110 (2013) 221601, arXiv:1304.6173]

CPV IN B®— K*r~ aND BY— K7

4000

3000

N
(=3
(=3
o

1000

J

That’s nice, but by far
not enough

Candidates / (10 MeV/c 2)
w
S

N
(=]
o

100

. ¥ . A
L F (] haa 2 L b '

51 52 53 54 55 56 57 51 52 53 54 55 56 5.7 58

K*~ invariant mass [GeV/c?] K7t invariant mass [GeV/c?]

Nik[hef
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [70 / 83]

QT


http://arxiv.org/abs/1304.6173

[LHCb, Phys. Rev. Lett. 122 (2019) 211803, arXiv:1903.08726]

AAcp HISTORY

- S R
- ]
CDF 2011 | CDF 2011 .
i L i 4
Acp(rtn™) [%] Acp(KTK™) [%]
E791 1997
FOCUS 21
CLEO 2001
BaBar 2007
Belle 2008 —
CDF 2011+
LHCb 2011
CDF 2012+
LHCb 2013
LHCb 2014
LHCb 2016+ —e—|
LHCb 2019+ -
T T T T T
=20 =15 -1.0 -0.5 0.0 1.0 15 2.0
Adcp 7]
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[LHC web]

LHC SCHEDULE

2015 2016 2017 2018 2019 2020 2021 2022 2023

[3[FMAM3 [3]ATSIOIN[D3[FMAM3[3[A] FIMAIM] [3]ATS[OIN[D]3[FMAM3[3 AIS|OIND 3 F] 3[AIS[OND 3 [FIMAM3[3[A] 3]F] [AIS[OND
EveTs | Long shutdown 2

=

e

2026 2027 2028 2029 2032
|\ J|FMAM]JAS IN[DJ3[FIMAM3 [3[AS[OIND 3 FIMIAIM]3 |3 [A[S[OINDY 3 [FIMAM 3 [ 3 [AS[OIN DY 3]F] [AMD[3[AIS[OND)
Long shutdown 3 ﬂa_'
2033 2034 2035 2036 2037 2038
3]F] 3 [3[A[S[OINID{ 3[FMAM [ 3] 3]F] 3[3[A[S[OINID{ 3[FMAM [ 3 [3[FMAM3[3[AISIOIN[D 3 [FMAM3[3[A] of
LS5 |

Shutdown/Technical stop
Protons physics
Commissioning

Tons
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LHCb UPGRADE

£ =2-103 cm 257! requires some new detectors and 40 MHz read-out
clock new electronics

VELO: New pixel vertex detector

TRACKERS: New scintillating fibre tracker.
The upstream tracker is also replaced

PID: Hybrid photodetectors to be replaced by
multi-anode PMTs

= 50 fb~! by Run 4.

v We are preparing an-
other upgrade for Run 5 /4
=» 300 fb~*

Upgrade TDR] [Velo] [PID] [Sci-Fi] [Trigger] [Phase-l Eol]
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https://cdsweb.cern.ch/record/2244311

LHCb TRIGGER IN RUN 3

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Ey/Pr signhatures [

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

450 kHz 400 KHz 150 kHz exclusive kinematic/geometric selection:

Ny :

Buffer events to disk, perform online
. detector calibration and alignment

S :

Add offline precision particle identification
and track quality information to selections

Full event reconstruction, inclusive and ]
s

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Output full event information for inclusive
- " N N \ triggers, trigger candidates and related
Full offlme-_hke event sele_ctlon! mixture primary vertices for exclusive triggers
of inclusive and exclusive triggers

F I b 3 I L

Niklhef _ . : .
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [75 / 83]


https://cdsweb.cern.ch/record/1701361

P @

1 " v X \
Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [76 / 83]




v ¥ WMEIRPo1 - j
Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [76 / 83]



[Belle, NIM A479 (2002) 117]

THE BELLE EXPERIMENT

= 2 - R FARMEKPEFREEE

BET

0 b= DL N ()
Ty };zﬁllill%% ‘a AN

I
., |
{

gﬁbDUi v -

~ g - . \ -rr,
RSk 17 b ? o RITRMENOY Y-

FzyN\= SuUnTITZOY I
FrLYaIhHYs—
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https://inspirehep.net/record/541364

BELLE II

KL and muon detector:
Resistive Plate Counter (barrel)
WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(Tl), waveform samp ‘\\

Pure Csl + waveform samp
W

electron (7GeV) = — Pr ; ocus erogel RICH (fwd)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers,

positron (4GeV)

He(50%):C2He(50%), S
lever arm, fast electronics
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BELLE II SCHEDULE

5 T (=0t

Te T T T T T
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107 VEPP2000  phase 2.0 =
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. Pl .
o CESR H
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DAFNE o
mm-world KEKB
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00 00—
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103 /' U |
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[CERN-LHCC-2017-003]

Eol FOR PHASE-II UPGRADE

Magnet Side
Stations

We have expressed an in-
----------- terest for a Phase-Il up-
grade [CERN-LHCC-2017-003] .

£ iming / 3 = T H H
"o | ol The physics case is
TORCH & Timing

[arXiv:1808.08865] .

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

e I on s IR
HLLHC IR - - N s B
%E Upgrade la :| ’_V_ Upgrade Ib —‘ [ Upgrade Il P
=T
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http://arxiv.org/abs/1808.08865

[LHCb, arXiv:1808.08865]

LHCB PHASE-II UPGRADE

The plan is to record LHCb Current » Upgrade | » Upgrade I—»
22— o e
300fb~! by the end of 5u1 T G
Run 5. 218 £
3 167 |
@ Eol [cern-LHCC 2017003 £ 143 ] g
i —200 §
© Physics case hos, % 123 brs & 3 1 &
y [ 2 103 = | pe __1502
arXiv:1808.08865] 8—: a
3 —100
@ LHCC has LE E
= 2
approved LHCb to i =0
proceed to a NP =T . . # . . & . ]
2010 2015 2020 2025 2030 2035

framework TDR
(2021)

Join us at the open Upgrade-1l meeting in Spring 2020 in Barcelona!
@ Possibility to join as technical associate group.
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THE P{H}YSICS CASE
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Conclusion
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ALMOST.
GOOD TRY.

Backup

{T_
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[Di Luzio, Kirk, Lenz, PRD97 (2018) 095035, arXiv:1712.06572] [arXiv:1811.12884]

BY MIXING AND b— s{T(~ ANOMALIES

G? R
AM; = M3, — M; = 12F2 AZM3, So(x) Bf3, Mg, fig

gets [Artuso, Borissov, Lenz, RMP88 (2016) 045002]
AMM 2015 — (183 +2.7)
and experiment [Hriay
AME*P = (17,757 £0.021) ps~!
but with latest lattice [FermiLab/MiLC, PRDO3, 113016 (2016)]
AMSM LT — (20,01 £1.25) p

which is 1.80 away. Could the same NP explain this and the B anoma-
lies?
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[Di Luzio, Kirk, Lenz, PRD97 (2018) 095035, arXiv:1712.06572] [arXiv:1811.12884]

BY MIXING AND b— s{T(~ ANOMALIES

Q
—A5

5 <+—Ll—<—c"
New physics in b— s/t{~ tran-

sitions, this is (bs)(¢*¢~) neces-
0.00 : - - - -

sarily affects BY mxing at some 24 6 8 10 12
MZ/ / TeV

Constraints from BY mixing and
Rk on Z' mass and coupling.

Jude d)

o207 (20 €

level.

But the constraints are the wrong
way.
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[LHCb, Phys. Rev. Lett. 122 (2019) 191801, arXiv:1903.09252]

LEPTON UNIVERSALITY IN BT — KT¢T(~

Using 2011-12 and 2016 data we get

& 350
L LHCb
_ +0.060 + 0.016 © —+Daa
Ri = 0.846 Z o054 0,014 Z 250 T adfe1
Pris] S B B~ Ky
(250’ from the SM) g 150 Combinatorial
o
The Run 1 result is consistent with § 100
0.745 73990 4+ 0.036 (pr 113 (2014) 151601 of
0500 5300 a0 B0 5600
7-8TeV _ +0.083 + 0.017 m(K* ) [Mev/c?]
Ry =0.717 Z 5071 T 0.016 _
13 TeV 0.089 + 0.020 kg LHCb
R’ ' =0.928 1076 o017 3 % —+Daa
= 0 — Total fit
N Totdl R =1
Z B Ty e B'- K'e'e”
The BF of B+ — K+e+ei g 60 -Pfrt.Reco.+7 .
in 1.1 < g% < 6GeV?/c* is T 4f mme - JueeK
(28.6 729+ 1.4) x 10°° 8 wf
0

m(K*e*e”) [MeV/c?]
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http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1406.6482

1.4 — : e
124 T | T
1. I
i
e 1.0 t = =
, :
=T B rLHCb19
B Belle 19
0.6 L
E BaBar 12
0.4 =T l l l
0 5 10 15 20

2 [GeV?/cY]
LHCb (prL 122 (2019) 101801]. Belle (arxiv:1008.018281. BaBar (pro 86 (2012) 032012).
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http://arxiv.org/abs/1204.3933

1.4 T T
1.2 s Ji 4 }
* i 1
< UTF ==
p— | b
osL T ~— B LHCH17
L —— [
L B Belle 19
T HH B BaBar 12
0.4 T T T T T T T
0 2 5 8 10 12 15 18

¢* [GeV?/c']
LHCDb {Hep 08 (2017) 055] . Belle [arxiv:1004.02440) . BaBar [pro 86 (2012) 032012].
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[Greg Landsberg, Lyon 4/9/19]

PARKED B SAMPLE

DAQ capacity exceeds
computing capacity

=» park some data for \ Mode [ Neow | f5 07 | B \
Generic B hadrons
later use BY 4,9992e1r(l)§ aoz)m 1.0
10 B* 4.99 x10° 0.4 1.0
o CMS collected 10 B T o
B events. b baryons 1.56 x10° 0.1 1.0
Be 1.25 x107 | 0.001 1.0
@ Similar to LHCb's B hadrons total | 1.25 x10° [ 1.0 | 1.0 |
Interesting B d
2011 sample B 5 K070 ] I;s;;s mg\ oe:ays| 2% 9.9x 1077 [14]
. 2% 9.
(caveats apply) BT S K*T¢- | 2250 | 04 | 451x10 " [15]

More than 20x the entire BaBar B sample collected in just 6 months!

For other physics, the integrated luminosity of this sample is ~50 fb-1

<PU>=20

ill 6759 L1 trigger rate
10

"Approximate sample of b hadrons in
arked sample before reconstruction and
selection

Trigger strategy — L1

Fill 71 L1 rigger rate —

00 0500 B0 (2%
o T

£
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https://indico.in2p3.fr/event/18646/contributions/74449/attachments/54771/71908/glandsberg.pdf

RARE DECAYS AT BELLE II

Bellell 2019 [B® —-K% — K'ny
preliminary @B —K* — K%

f Ldt=2e2f' HB —K* — Kt

L e e A

Events/(3MeV)

Events / (0.002 GeV/c?)
[}

o & i :
5.200 5.220 5.240 5.260 5.280 5300
MK (GeVd

0

52 521 522 523 524 525 526 527 528 5.29
mbC[GeV/cz] [Greg Landsberg, Lyon 4/9/19][CLEO, PRL 71 (1993) 674]

signal yield

o significance
(statistics only) .

B'S K% = K7 )/ EREREYY; 440
B> K (= K20/ Y 3.70

B — K (= Koz )y I TR 210
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https://indico.in2p3.fr/event/18646/contributions/74449/attachments/54771/71908/glandsberg.pdf
http://dx.doi.org/2019-CMS-Parking

[Sébastien Descotes-Genon at Beauty]

TWO SOURCES OF HADRONIC UNCERTAINTIES

Gra
\/_
é’+

HaEEan s

Form factors (local) Charm loop (non-local)

AB — K*t) = Vio Vis[(Au + T Uy ve + B Ugy" s vi

@ Local contributions (here with SM C;): 7 form factors

2myq” _ _
A = - "C’;;q C7(V|30,, Prb|B) + Co( V5|57, P.b|B)
B, = Cio(Vi|5v,.P.b|B) A: K* helicity

@ Non-local contributions (charm loops): hadronic contribs.

T,, contributes like O7 g, but depends on g? and external states
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[LHCb, Eur. Phys. J. C74 (2014) 2839, arXiv:1401.6932]

B} LIFETIME USING B —J/i) uvX DECAYS

Measurement of B lifetime us-

)
ing semileptonic decays g
o Use 2fb~! 2012 data f’é
o The difficulty is of course §
=l
to understand the 5
background shapes. . . but 8
signal too SW (G
@ Hence a systematically g 10°
limited result S b LHCb _ Combnaor g
T =500 + 8 + 12fs, B b i
. . g E - Wrong PV bkg.
improving by more thana § .| — To
5 E ey, —+— Data
factor two compared to  § | & Tt

the world average

[

® 0 [99
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http://arxiv.org/abs/1401.6932

[LHCb, Phys. Rev. Lett. 122 (2019) 222001, arXiv:1904.03947]

OBSERVATION OF NARROW PENTAQUARKS

Update of Run 1 analysis (prL 115 (2015) 072001]

=¥ Reuvisit this channel with an updated %sm, ; LHCD
BDT: 246 000 A) — J/y pK~ decays § | .
(10 times Run 1) and 6.4% o000l 4(1520)

background.
o Reflections from B? vetoed 1000

4
o Re-optimised BDT including PID J\\\_\
(new) —

4 16 18 2 22 2.4 2.6

my, [GeV]
s< ;
3 > :
(S
Jf/ 1T7se LHCb 10
A |
£ ‘
I
8 -~ ~ |
El@OUO* 5 j
< 16000F Jo [ ,
2 < r :
% 14000 LHCb = [ 10
é 12000 e j
& 10000 < N
8000 - ‘
6000F % S L
<
4000 [ iy
2000F ! | | I | 160t I I L | 1
o g 8 8 8 8 25 3 35 4 45 5 55 6 65
5500 5550 5600 5650 5700 5750 Q @ © - N m2 [GQVZ]
My gk [MeV] (ASW 2)/sarepipued Kkp
Nik[hef . . - .
Patrick Koppenburg Physics of Flavour 06/11/2019 — Imperial College HEP Seminar [92 / 83]



http://arxiv.org/abs/1904.03947
http://arxiv.org/abs/1507.03414

[LHCb, Phys. Rev. Lett. 122 (2019) 222001, arXiv:1904.03947]

OBSERVATION OF NARROW PENTAQUARKS

Three states are observed:

P.(4312)" T ~ 10MeV (7o),
which we could not see with
3fb~!

P.(4440)" T ~ 20 MeV
and

P.(4457)" T ~ 6MeV. The
significance of the 2-peak
structure is 5.40
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