The physics happening at LHCb and how it is
organised

Starterkit - 23 Nov 2021

Niels Tuning

N. Tuning - Starterkit - 23 Nov 2021 1



Outline

e Once upon a time...
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Why is Flavour Physics so cool?

1) Sensitive to new physics

2) At the heart of the Standard Model
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History of Flavour physics

GIM mechanism in KO- pup

CP violation, K 9>nn

BO&>BO mixing

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasnow, J. Iuiorouros, axp L. Marantf
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits 02139
(Received § March 1970)
We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
that the leading divergences do not violate any strong-interaction symmetry and the next to the leading

divergences respect all observed weak-interaction selection rules. The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

splitting, beginning at order G(GA?), as well as con-
tributions to such unobserved decay modes as K»—
w4y, K+*— x4+, etc., involving neutral lepton

We wish to propose a simple model in which the
divergences are properly ordered. Our model ic fanndad
in a quark model, but one involving four, not three,
fundamental fermions; the weak interactions are medi-

new quantum number @ for charm.

q q
3 :

27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K, MESON*T

J. H. Christenson, J. W. Cronin,} V. L. Fitch,} and R. Turlay®
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

This Letter reports the results of experimental
studies designed to search for the 27 decay of the
K, meson. Several previous experiments have

OESY 67-029
April 1987

been observed and is substantial,

Parameters

OBSERVATION OF B'.B' MIXING
The ARGUS Collaboration

In summary, the combined evidence of the investigation of B meson pais, lepton pairs

and BY meson-lepton events on the T(4) leads to the conclusion that .5 mixing has

Comments

Progress of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

doublet with the same charge assignment. This is because all phases of elements
of a 3X3 unitary matrix cannot be absorbed into the phase convention of six
fields. This vossibility of CP.violation will be discussed later on.

avU uLussTu.

> 0,09 90%C L

x> 044

Bifp = {, < 160 MeV
my < 5GeV/c

n < 14-1071%

[Vyg] < 0.018

noen < 0.86

me > 50GeV /e?

This experiment

This experiment

B meson (= pion} decay constant
b-quark mass

B meson lifetime
Kobayashi-Maskawa matrix element
QCD correction factor (17]

t quark mas:

Glashow, Iliopoulos, Maiani,
Phys.Rev. D2 (1970) 1285

Christenson, Cronin, Fitch, Turlay,
Phys.Rev.Lett. 13 (1964) 138
Kobayashi, Maskawa,

Prog.Theor. Phys. 49 (1973) 652

ARGUS Coll.

Phys.Lett.B192 (1987) 245
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Flavour physics has a track record

GIM mechanism in KO- pup

CP violation, K °>nn

BO&>BO mixing

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasnow, J. Iuiorouros, axp L. Marantf
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits 02139
(Received 5 March 1970)

We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
that the leading divergences do not violate any strong-interaction symmetry and the next to the leading
divergences respect all observed weak-interaction selection rules. The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

splitting, beginning at order G(GA?), as well as con-
tributions to such unobserved decay modes as K»—
w4y, K+*— x4+, etc., involving neutral lepton

We wish to propose a simple model in which the
divergences are properly ordered. Our model is founded

in a quark model, but one involving four, not three,
fundamental fermions; the weak interactions are medi-

new quantum number @ for charm.

q q
,,'(:; /
3 :

27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K, MESON*T

J. H. Christenson, J. W. Cronin,} V. L. Fitch,} and R. Turlay®
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

This Letter reports the results of experimental
studies designed to search for the 27 decay of the
K, meson. Several previous experiments have

DESY 67-029
April 1987

OBSERVATION OF B'.B' MIXING
The ARGUS Colladoration

In summary, the combined evidence of the investigation of B meson pais, lepton pairs
. =0
and B° meson lepton events on the T(45) leads to the conclusion that B%.B" mising has

been observed and is substantial,

Parameters Comments

Progress of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

doublet with the same charge assignment. This is because all phases of elements
of a 3X3 unitary matrix cannot be absorbed into the phase convention of six

fields. This possibility of CP.violation will be discussed later on.

avU usLusscu.

r > 0.09 90%C L This experiment
x> 044

Bify = Iy < 160 MeV
my < 5GeV/c

n < 14-1071%

[Vigl < 0018

nQED < 0.86

m, > 50GeV /¢?

This experiment

B meson (= plon) decay constant
b-quark mass

B meson lifetime
Kobayashi-Maskawa matrix element
(CD correction factor [17]

t quark mass

“...a quark model, but involving four, not
three fundamental fermions...”

“... phases of elements of 3x3 unitary matrix
cannot be absorbed into [...] six fields ...”

“m,> 50 GeV/c?

»

t quark mass

Rare decay implied
2nd up quark
“discovery” of charm?

CP violation implied
3rd family:
“discovery” of bottom?
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Mixing implied
heavy quark:

“discovery” of top?.




Precise flavour measurements

e Historical record of indirect discoveries:

Particle Indirect Direct
v B decay Fermi 1932 Reactor v-CC  Cowan, Reines 1956
W B decay Fermi 1932 W->ev UA1, UA2 1983
C KO >uu GIM 1970 J/w Richter, Ting 1974
b CPV K%>nn  CKM, 3 gen 1964/72 |Y Ledermann 1977
Z v-NC Gargamelle 1973 Z>ete UA1 1983
t B mixing ARGUS 1987 t> Wb DO, CDF 1995
H ete- EW fit, LEP 2000 H-> 4u/yy  CMS, ATLAS 2012
? What's next ? ? ?
(7 v ot
d 7_< e~ v 4{ (\'
U S u— P ~ ; A

= =

M\
14 e
KO & - Yy Bo t ¢ BO
i i b ~Srajterkit - 23 Nov 2021 6



Precise flavour measurements

e Direct discoveries rightfully higher valued:

Particle Indirect Direct

v B decay Fermi 1932 7?‘* Reactor v-CC  Cowan, Reines

W B decay Fermi 1932 W->ev UA1, UA2

C KO>uu GIM 1970 J/w Richter, Ting

b CPV K0>nn  CKM, 31 gen 1964/;% 14 Ledermann

Z v-NC Gargamelle 1973 Z>ete UA1

t B mixing ARGUS 1987 t> Wb DO, CDF

H ete- EW fit, LEP 2000 H-> 4u/yy  CMS, ATLAS

? What's next ? ? ?
U v ot
d 7_< e~ v 4{ (\'
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L SM =1 Kinetic +1L Higgs +L Yukawa Orlg N Of CKM
- + 1
T iy [P I U
—LYuk L) L)l 0 dR] +... W
¢ ______
g 1 urrr— g1 g ;1 U+, .1 d[
Kinetie — 1= UpiV WM dLi +_dLi7/ Wﬂ Up +...
“ = 2
Diagonalize Yukawa matrix Y (d’ d
- Mass terms 1| 7
— Quarks rotate S ckM | S
- Off diagonal terms in charged current couplings bl
m, d m, u
| e wnf e ]
W m, )\ D], m)\t),
== g g T +7/% 5
L exur =$“ﬂ’”75)d1 +$dﬂ’”Wﬂ V, (1—7’ )“i
d,s,b
L SM =1 C&KMmQI_- SéalﬂiggSZ?jll_\lovLZMﬂSS




What’'s going on??

Yukawa Couplings

A
- N
Couplings Masses
d S b
u u e d -
??
C - » C o S o
t A\ e\ -

http://www.nikhef.nl/~h71/Lectures/2020/pplI-cpviolation-14022020.pdf  N. Tuning - Starterkit - 23 Nov 2021 9




(CKM: a quick reminder---)

1) Matrix to transform weak- and mass-eigenstates:

')
ul |s")
14 ¥

Vud
Ved
Via

Vis
Ves
Vis

V-ru.b
Vb
Vio

|d)
ENE U

b

) w

d[
Weak eigenstates
(like Ve, v, V)

d,s,b

Mass eigenstates
(like v, vy, V)
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(CKM: a quick reminder---)

1) Matrix to transform weak- and mass-eigenstates:

| dl ) p:ui V;s Vru.b | d>
u! sV = [ Vea Ves V| [I8)]- y
4 )] Ve Vi V] LIb W
d!
Weak eigenstates Mass eigenstates d,s,b
2) Matrix has imaginary numbers: 1.»ffud‘ V.. """Lble“'“f
Vel Vel Ve
‘rtd | 6—2,4’3 _ | ‘rts | 62,;’35 ‘; "
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(CKM: a qui

ick reminder---)

1) Matrix to transform weak- and mass-eigenstates:

|d') Via Vus Vs | [|d)
ul | s’ ) - Vcd Vcs Vcb | $ ) U
w ¥ Via Vie Vo] LID) 114
d[
Weak eigenstates Mass eigenstates d,s,b
2) Matrix has imaginary numbers: Vid Vs Viple ™
Vaale ™ —|Vadlei® [V,
3) Matrix is unitary: *
Vv *
Vo Vi Vi)V Vi V) (100 o ViV
V+V= V*us V*cs V*ts I/cd I/cs I/cb =(0 1 0 cb’ cd chchd
\ V*ub V*cb V*tb Va Vs Vi \VO 0 1 y ﬂ
* * * V
V'V o sVV V.V, =0 (0,0) _1, (1,0)
b ud b" cd th” td N7 Tuni i;tarﬁr it - 23 Nov'2021 12
! ! < < Vib cd



CKM: (1995) LHCDb Letter-of-Inte

e |HC-B Letter-of-Intent 1995

1
o Cmy, = 174 Gev/c?
0.8 [
06 [
04
0.2 :“ ,
o -lilllllLJJIIJl(‘llltlJJ lill_lllllllll

-t -08 -06-04 -02 0 02 04 0.6 08 pf

Figure 2.1: Limits on the CKM parameters (1o) p
and 7 for m; = 174 GeV. The annular region cen-
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CKM: (1995) LHCDb Letter-of-Intent ---

e |etter-of-Intent 1995
1 I
& L =174 Cev/e? 0.9 E’
08 [ 08 E @ W Ooo
- 0.7 E
0.6 — 0.6 ;_..
- 05 E a
0.4 :'—’ 0.4 ;T_ ((1 _p)2+n2)|/2
0.2 y 03 F (o*+n )"
n 02 F
o -lllllllLJJl{Jl(Jlll!lJJ lill_lllllllll 01 :,_
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P
Figure 2.1: Limits on the CKM parameters (1o) p ) o .
and 7 for m; = 174 GeV. The annular region cen- Figure 2.2: The Unitarity Triangle
td
(0,0) (1,0)
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C
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e All consistent?
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Outline

e Working Groups
— Physics Analysis WG
— Physics Performance WG

— Liaisons
e Structure

e Review

e Anomalies

N. Tuning - Starterkit - 23 Nov 2021
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Structure

Organisation: LHCb

Collaboration Board

Important decisions are made by the Collaboration Board, in which each ing institute has one
Collaboration Board Members

Click here for the previous Collaboration Board meetings

Collaboration Board Chair: val Gibson

LHCb Management

e Collaboration Boar

Deputy Spokesperson: matteo palutan

Technical Coordinator: roif Lindner

- Management

Deputy Technical Coordinator
& GLIMOS: Eric Thomas

Resources Coordinator: carmelo b'Ambrosio

e OPG, TB, PPG

Operation Planning Group Technical Board
Operations - Technical . Physics -
ilvia ol iels
Coordinator  camperta Board Chair  Lindner Coordinator  7uning
LRI Deputy Operations Francesco Polci Deputy Physics Marco Pappagallo
Coordinator Coordinator
Spokesperson Chris Parkes Spokesperson Chris Parkes Spokesperson Chris Parkes
Deputy Matteo Palutan Deputy Matteo Palutan Deputy Matteo Palutan
Spokesperson Spokesperson Spokesperson
Commissioning Federico Alessio Resource Carmelo D'Ambrosio CB Chair Val Gibson
Coordinator Coordinator
» ... Physics Coordinator  Niels Tuning Deputy TL & Eric Thomas RTA Viadimir Gligorov
LEXGLIMOS
LHC Radiation & Gloria Corti Operation Silvia Gambetta Computing PL Concezio Bozzi
Safety Coordinator Coordinator
Technical Rolf Lindner Electronics Ken Wyllie Operations Silvia Gambetta
Coordinator Coordinators Coordinator
Online Niko Neufeld Physics Coordinator Niels Tuning EB Chair Franz Muheim

https://lhcb.web.cern.ch/lhcb page/collaboration/organization/lhcb-conv/StructureDefault.html
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Organisation: Physics

e Working Groups

LHCDb Physics Organisation
The LHCb Physics Coordinator for 2020 and 2021 is Niels Tuning with deputy Marco Pappagallo and should be contacted using Ihcb-physi

The physics output of LHCb is discussed by the Physics Planning Group (PPG), which is chaired by the Physics Coordinator. The member;
Physics Coordinator. The membership outlined in the image below was ratified by the Collaboration Board on 27 September 20117 (see aJ

More details of the roles of some of the positions represented in the PPG can be found on the LHCbPhysicsOrganisation Twiki page. Cont

The current (*) conveners of the Working Groups are given in the table below. More details on the physics topics covered by each Working

Physics Analysis Working Groups

QCD, Electroweak and Exotica Olli Lupton, Carlos Vazquez Sierra

B hadrons and Quarkonia Ivan Polyakov, Jibo He

Charm physics Mark Williams, Michael Morello

Rare decays

B decays to Charmonia

B decays to Open Charm

Charmless b-hadron decays

Semileptonic decays

lons and Fixed Target

Flavio Archilli, Paula Alvarez Cartelle
Sevda Esen, Diego Martinez Santos
Agnieszka Dziurda, Nathan Jurik
Jeremy Dalseno, Roberta Cardinale
Michel De Cian, Marcello Rotondo

Yanxi Zhang, Benjamin Audurier

Physics Performance Working Groups

Run1-2 performance (covering Tracking, Particle identification and CALO Objects) Michael Alexander, Vitalii Lisovskyi

Flavour tagging
Luminosity

Simulation Group

Daniel O'Hanlon, Veronika Georgieva Chobanova
Pasquale Di Nezza, Vladik Balagura

Michal Kreps, Dominik Mueller, Adam Davis

Other groups and fora

Stripping

Statistics

Amplitude Analysis

Early M irements Task Force (Run3)
(*) Last updated 31 Jan, 2020.

Nicole Skidmore, Alison Tully
Hans Dembinski, Matthew Kenzie
Jonas Rademacker, Biplab Dey

Eva Gersabeck

https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/LHCbPhysics
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Physics Analysis WG Landscape: lots of overlap
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Physics Analysis WG Landscape: more than b!

Impressive sinZ0

w

Phys. Rept. 427 (2006) 257

LEP Acg(b) O
Phys. Rept. 427 (2006) 257

SLDA, o
Phys. Rev. Lett. 84 (2000) 5945

DO el
Phys. Rev. Lett. 115 (2015) 041801

CDF —o—
Phys. Rev. Lett. D89 (2014) 072005

ATLAS ——
arXiv:1503:03709

cmMs - -
Phys. Rev. Lett. D84 (2011) 112002

LHCb —0—
LHCb 1s=7TeV
LHCb 1s=8TeV

0.2315+0.0002

0.2322+0.0003

0.2310+0.0003

0.2315+0.0005

0.2315+0.0010

0.2308+0.0012

0.2287+0.0032

0.2314+0.0011

——O—— 0.2329+0.0015

0.2307+0.0012

io2ceft
sin0,,

0.224 0226 0.228 0.23 0.232 0.234

7

Improve proton pdf’s

1.3 T T T T T

==== NNPDF3.1sx NLO

Q=280 GeV

E==3 NNPDF3.1sx+LHCb NLO |

log1o(x)

A.Garcia, R.Gauld,
A.Heijboer, J.Rojo
arXiv:2004.04756

o

Candidates/O

Resolve b and c jets

200

- LHCb -I
600~ * Data
T ]
i — c o
4001
- Il udsg N

O—l -0.5 0 0.5

1
BDT(blc)

>

Anti-proton flux for cosmic rays
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3 F - pHe - X 12< I7,|.<2-8 GeVle  west EPOS LHC
o BE :-u._ml Fazll0Gy EPOS 1.99
T L P - QSIETIHY
§ oE _.,._...A - == QUM ]
6 15, . HIING 138
© o TR b ™ F T PYTHIA 6.4
10
SE
E . | | | | | .
20 40 600 80 100
p [GeVie]

Discovery of
pentaquarks

—0 —
riD rtD*°

1200
——data

— total fit :
— background

Weighted candidates/(2 MeV)

||||||ﬁ'-%

400 : i
i Pyaa40)
P,(4312)

200

1y 5 | 1 liy
4%00 4250 4300 4350 4400 4450
Morp

[MeV]
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New hadrons discovered...

11000 1 1 1 1 1 1 1 1 1 1
10500 55 new hadrons at LHCb
~ P
_ P
700077 X(6900) r
[
Q,(6350)
_ /\b(6152)0 Qb(6340)_: 0 = (6333)0
2(6227)7 - Ay(6146)° =6(6227) W :,(6327)°
6000 Ap(5920)° E B)(5970)*° u " L
Ap(5912)° =, B)(5840)*:° 2,(6097)* N5(6070)° Bs(6114)°
3,(6097) " Bs(6063)°
~
L
= 5000 -
%) X(4700) X(4685)
— P.(4450)* X(4500) P.(4457)* @ x(4630)
ﬁ X(4274) IPC(4440): Z..(4220)*
"
s ] P.(4380) Pc(4312) Z..(4000)*
40001 @ bg X(3842) ° B
® ccgd) e Té
@ cccc
. Cd QC 0
® ciqd D;(3000)*° . 96833330 ) .
3000 B bag D(3000)° (] DJ(2860)* A(2860)* Q.(3066)° =:(2939) X1(2900) -
<1 D760 @ ® P 0(3050)° =.(2923)° X0(2900)
_ Dy(2740)° D} (2760)° Q(3000)
W cca9q Dj(2580)° ¢ ’ ! @ (2590
T T T T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
patrick.koppenburg@cern.ch 2021-10-12 Date of arXiv submission
https://www.nikhef.nl/~pkoppenb/particles.html N. Tuning - Starterkit - 23 Nov 2021 21

So far 62 hadrons have been discovered at the LHC, of which 55 by LHCb



Physics Performance WGs

SL

IFT

Runl1-2 Perf

Chari Simulation

Flavour Tagging RTA

DPA
Luminosity

https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/LHCbPhysics

Statistics&ML
Amplitude An

Early Meas.TF

&Q
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Liaisons

Luminosity

Names of the liaisons:

Run1-2 Perf Run-3 Perf
Stripping RTA/DPA
Trigger

Simulation

Statistics

https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/LHCbWGLiaisons

B&Q

N. Tuning - Starterkit - 23 Nov 2021
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Preparing for run-3: Liaisons

> Liaisons to contribute to run-3
1) RTA/DPA (help implementations, relevant to WG)

2) RTA/EMTF (run-3 performance, ensure variables relevant to WG are monitored)

| | |
Early | WP1 Data structures | |
Physics | WP2 Reconstruction | IWP1 Sprucing
analysis  |'1) WP3 Selections  WP2 Analysis productions
Simulation Data 2) WP4 Align & Calib WP3 Offline analysis tools
Validation Validation WP5 QA WP4 Innovative techniques
WP6 R&D WP5 Legacy software & data




Preparing for run-3

e RTA/DPA/EMTF/Simulation structure exists

e Data validation is more important than ever

=

O Dat

% T

Z e
Early WP1 Data structures
Physics WP2 Reconstruction WP1 Sprucing
Analysis WP3 Selections WP2 Analysis productions
& Data WP4 Align & Calib WP3 Offline analysis tools
Validation WP5 QA WP4 Innovative techniques

WP6 R&D WPSE: T"legaty s6ftwdre ®data




Review

NO EB

Coll.wide

review

e Review procedure widely appreciated by the collaboration!

e (even though it can be lengthy at times...)
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Review

Review by RC is thorough!

Review committee Coll.wide

~6 months review

Median time (days) from WG approval to RC Approved

175 A

150 A

125 A

100 A

~
w
1

Median WG approval to Approved [days]
w
o

N
w
1

2014 2015 2016 2017 2018 2019 2020
year

Publication statistics:

N. Tuning - Starterkit - 23 Nov 2021
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Review procedure

e We try to help the process from WG to EB:
> Assign review committee prior to WG approval

» Assign EB reviewer prior to RC approval

RC/PC EB

Review committee Coll.wide

review

e Paraphrasing EB chair Franz Muheim:
> "Be aware that conferences come and go, but papers are there to stay ”
» Or: Quality is leading, Milestones are subleading

N. Tuning - Starterkit - 23 Nov 2021 28
https://Ihcb.web.cern.ch/lhcb page/collaboration/organization/editorial board/lhcbpub.pdf




Analysis status

e (Can be followed from webpages:

020-RC requested
030-Under review
040-Waiting 1st draft
050-1st collaboration review
060-Waiting 2nd draft
070-EB reading
080-Waiting 3rd draft
090-2nd collaboration review
100-Waiting for submission
110-Submitted to journal
120-Approved by journal
130-Done

. 140-Retired
Analyses belonging to B20OC
Status ID Contacts Title Details
020-RC requested B20C-Omegab2XicKpi-001 W’ Sara Mitchell, Marco Exclusive observation of excited Q¥ baryons in the Q, decays and test of spin hypotheses | more
1 li i i i . _
020-RC requested B20C-Dms-Run2-001 Wme%ﬁww »Kevin Precision measurement of the BY — Bg oscillation frequency with the By — Dy z* decays | more
020-RC requested B20C-Bd2DstDsst-001 Donal Hill, Malcolm John Angular analysis of B° — D*~D}* decays using Run 2 data more
030-Under review gﬁglgs_tDspi AmAD-001 Anton Poluektov, Raul Rabadan Amplitude Analysis of B* — D*~(2010)D¥ =+ more
030-Under review ?uig%bl}DSWIthDZhhplo' Colm Murphy, Malcolm John, Donal Hill GLW and ADS analysis of B¥* — D(hhn®)h* more
?g?i;l;t collaboration PAPER-2020-037 %ﬁlﬁ_’g&t‘lm’ Margarete Observation of the decay BY — D**D¥ and measurement of its branching fraction more
050-1st collaboration PAPER-2020-036 Donal Hill, Malcolm John Measurement of CP observables in B* — D®K* and B* — D®z* decays using two- more
review T T body D final states I
965‘?{;;‘ collaboration | -\ r: 5020.003 Matt Kenzie, Mark Whitehead Update of the LHCb combination of the CKM angle y more
070-EB reading PAPER-2020-034 Chen Chen, Liming Zhang, Tim Gershon Observation of a new excited Dy state in B° — D*D~K*z~ decays more
070-EB reading PAPER-2020-030 Fhillipe d Argent, Eva Gersabeck, Matthiell | noaurement of the CKM angle y using By — DK w** decays more
PAPER-2020-021 Jordy Butter, Sevda Esen, Niels Tuning Measurement of the branching fraction of the B > Dfn~ decay more
1 + + + + 1
PAPER-2020-019 Mikkel Bjorn, Sneha Malde %Iefu[?r;r:?;,t— of the CKM angle y in B* — DK* and B* — Dn™* decays with more
s
PAPER-2020-025 Daniel Johnson, Tim Gershon, Mike Williams | Amplitude analysis of the B¥ — D*D~K* decay more
PAPER-2020-024 Daniel Johnson, Tim Gershon, Mike Williams | A model-independent study of resonant structure in B¥ — D*D™ K™ decays more
Pavol Stefko, Daniel Johnson, Fred Blanc Measurement of the branching fractions for B¥ — D**D~K* ,B* — D**D*K™* and
PAPER-2020-006 Tatsuya Nakada B - D*"DPK* decays more

https://lhcb-publications-stats.web.cern.ch/lhcb-publications-stats/active.html

N. Tuning - Starterkit - 23 Nov 2021




Analysis status

Status 050-1st collaboration review

Paper PAPER-2020-041

Title Angular analysis of the BY — K**u*u~ decay
Can be shown in Conference? | Yes (as of 28 Oct 2020)

Working group RD

Contacts Martino Borsato, Michel De Cian, David Gerick
Referee chair Mitesh Patel

Referee(s) Mikhail Mikhasenko

EB reviewer John Walsh

EB readers

Sergey Barsuk, Jolanta Brodzicka

Institutes

Barcelona, Spain, ITEP, Moscow, Russia, Bologna, Italy, Zurich, Switzerland, Dublin, Ireland, Ferrara, Italy,

Review e-group

lhcb-review-RD-Bu2KstarMuMuAngular (archives)

Paper e-group

lhcb-paper-2020-041-reviewers (archives)

EP number

ANA-number ANA-2018-022

Twiki https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/Bu2KstarMuMuAngularAnalysis
Authors LHCb

arXiv

Journal PRL

Dataset 2011,2012,2015,2016,2017,2018

Analysis gitlab https://gitlab.cern.ch/LHCb-RD/ewp-Bplus2Kstmumu-AngAna

Tuples location

/eos/lhcb/wg/RD/Bu2Kstmumu

WG approval 22-Jan-2020
EB reviewer assigned 25-Sep-2020
Perminssion to go to paper/conf | 13-Oct-2020

1st collaboration-wide review

28-0ct-2020 https://cds.cern.ch/record/2741581

2nd collaboration-wide review

Final EB reading

Collaboration approval

Submitted

Accepted

Published
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Outline

¢ Once upon a time...

e Working Groups
— Physics Analysis WG
— Physics Performance WG

— Liaisons
e Structure

e Review

e Anomalies
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What is next...
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Flavour Changing Neutral Current Electroweak Penguin

ut
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What can we measure??

1) Decay rate: count number of decays
2) Angular asymmetries: compare “left” vs “right”
3) Ratio of decay rates: compare muons and electrons

They all show
‘ftunny’ results:..
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1) Decay rates: b-> sl/

Study same process with
different hadrons:

u u
B~ 174 K~
b S

I
v/Z°
S luS
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b S
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v/Z°
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b o
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ut
d
K*
S
w
=
ut

ud ud
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b S
L
v/Z°
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1) Decay rates: b—> sll

S
44
[ b oo
: : /%
e Decay rate is consistently low:
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2) Angular asymmetries

»
Z
Forward & upward K-
X X
ST g
| L
g3 g S
S g S g
QT QnT
Counting Ss: bBluerminugteed - 23 lov 2021 37




2) Angular asymmetries

| T T T T | - ; : : :

" SM from DHMV

® LHCb Run 1 analysis
0 Belle arXiv:1612.05014

llI||l|||

e S
L1 I |

15
¢* [GeV?/c*]
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2) Angular asymmetries

v I 1 1 I l 1 1 1 1 l 1 1 1 1 l
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2) Angular asymmetries: hint of electron muon difference?

- [ —
~ h 1 SM from DHMV i
® LHCb Run 1 analysis N
0.5 b— 0 Belle e*e arXiv:1612.05014
. ¢ 0 Belle p*p arXiv:1612.05014  _
0

—0.5 N

_1 ! L l ! | ) I ] ] <|> 1

0 10 15
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N. Tuning - Starterkit - 23 Nov 2021 40



3) Ratio of decay rates

S
4%
b 1 /e-
v/Z
U+/e+
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From March this year:

N(B+ — K‘l‘“—l—“—)
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March this year: passed 30

N(BT - Ktutu™)
N(BT —»> KteTe™)

Probability that it is coincidence: 1 in 1000

Rk =
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|
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Why are people excited?

e all measurements seem to point in same direction...
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Why are people excited?

e all measurements seem to point in same direction...

e something affects the muons...

Standard Model:

T

(4
WM

ut
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Why are people excited?

e all measurements seem to point in same direction...

e something affects the muons...

Standard Model:
S

T

b [
WM

ut

e But what??

New force? New particle?

/ .
iy \<
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R(D¥)

There is more...

e What about tau?

B T I T T T T I T T T T I T T T T I T T T ]
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There is more...

e What about tau?

Standard Model: ¢

e
s

New particle?

<
\
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So, now what?

Not sure if we discovered something...

Maybe we will know coming year with more analyses

Maybe we have to wait for run-3

My feeling:
— Half of LHCb believes we will make biggest physics discovery since 50 years
— Half of LHCDb is neutral or skeptic or scared or just hopeful
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Towards discovery?

When do we believe??

1) Conservative: “clean” observables only (i, not ‘cherry picking)

2) Experimental checks

3) Theory consensus
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Towards discovery?

When do we believe?

1) Conservative: “clean” observables only
RpKI R, RKSI Ricrss RK*OI Bos—>|J+|J'

2) Experimental checks
- Low g% R« ?
- R((PI'I) : DS+—>(p(ee)r|+/ Ds+_)(P(|J|J)n+

3) Theory consensus
- Equivalent: Clean observables & all observables but C,u"v as nuissance
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PI

Summary

e Precision measurements to scrutinize the Standard Model
e Precision measurements only way to reach very high mass scales
e Precision measurements are not yet precise enough

A , : : _ 1.0
5 - i 07s - s 0
E LH ] X BN occroeso U
C Cb ] OS50 N el >
1 SM from DHMYV 8
s . 024 -
++ . ()
OF L A" 000 . [a)
C bo——_ ] o
u —4— e —0.24 \ Pt
1 -
E E ) &U
-2 - - -~DTAr §
_— 1.00 A L
T T T T T T
[ 1 HFLAV World Average 2017 ) - a
0.2 = 0.2 4
r 1 i LHCb 300/fb i
0.1— — i E
- - fu
. | 0
(o) i 1 .C
@)
—0.1= —
—-0.2 95% CL -]
| | L | 95% CL
0.7 T T T v T T L 0.7 T T m T T L
06 Lué;§§§r 0.6 %

ded area has CL > 0.95
@,
5
n
=
D -
S
20
>
3
e

g

04 3
g

0.3

0.2

0.1

l
||||I||||||II|III||I|II|IIII|III
]
||||||II|IIII||III|IIII|IIII|III
Beauty

0.0 PR I AN S PRI U A E—— M IR AN S B DA I B i B,
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

-
=



Thanks!
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Some links

Twiki
-  https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/LHCbPhysics
-  https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/LHCbPhysicsAnalysisTopicsByWorkingGroup

Constitution
-  https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/LHCbPhysicsOrganisation

Analysis database
-  http://Ihcb-wg.web.cern.ch/lhcb-WG/

EB status

-  https://Ihcb-publications-stats.web.cern.ch/lhcb-publications-stats/active.html

Upcoming conference deadlines
- https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/UpcomingDeadlines

Publication rules

-  https://Ihcb.web.cern.ch/lhcb page/collaboration/organization/editorial board/PublicationProcedureNovember2011.pdf

Guidelines for high-profile analyses

- https://indico.cern.ch/event/715188/contributions/2948291/attachments/1623378/2584231/
Guidelines high impact analyses FINAL.pdf

N. Tuning - Starterkit - 23 Nov 2021 54



Deadlines?

e Implications Workshop just ended

Latest date | Practice

Autumn 2020 conferences

Implications 7 7 Jun 2020 7 Sep 2020 wi/c 21 Sep fw/c 5 Oct 20208 12 Oct 2020 w/c 12 Oct 19 Oct 2020 w/c 19 Oct 28 Oct
2020 2020 2020

(cancelled) 2020

Winter 2021 conferences

Initial Stages 3 Aug 2 Nov 2020 w/c 16 Nov w/c 30 Nov 3 Dec 2020 w/c7 Dec 2020 11 Dec 2020 w/c 4 Jan 10 Jan
(IFT)e 2020 2020 2020 2021 2021
La Thuile 7 15 Oct 15 Jan w/c1Feb w/c15Feb 19 Feb 2021 w/c22Feb 26 Feb 2021 w/c1Mar 8 Mar 2021
2020 2021 2021 2021 2021 2021
Moriond 7 29 Oct 29 Jan w/c 15 Feb w/c1Mar2021 4 Mar2021 w/c 8 Mar2021 10 Mar 2021 wi/c 15 Mar 20 Mar
2020 2021 2021 2021 2021
Summer 2021 conferences
Quark Matterz 17 May 16 Aug w/c 30 Aug wi/c 13 Sep 16 Sep 2021 w/c 20 Sep 22 Sep 2021 w/c 27 Sep 3 Oct 2021
2021 2021 2021 2021 2021 2021

https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/UpcomingDeadlines
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1) Results for CKM, Lepton Photon

PAPER-2021-040 First Observation of A°%—D*pn-n- and A°,—D**pn—n- decays 19 Oct (= CKM)
PAPER-2021-041 Measurement of the charm mixing parameter y., in prompt D® meson decays 26 Oct (= CKM)
PAPER-2021-042 Search for the rare decay B%—@utu- 26 Oct (= CKM)
PAPER-2021-043 First observation of the decays B, — D*° K 7 26 Oct (= CKM)
PAPER-2021-044 Measurement of B(A,—A_Tv) and R(A.) with T three-prong decays 2 Nov (> LP)
PAPER-2021-045 Observation of w contribution in the X(3872)—n*n~J/yw decays 9 Nov
PAPER-2021-046 A*. over DO production in peripheral PbPb collisions at Vs,,=5.02 TeV 10 Nov
PAPER-2021-047 Study of B*—J/wnK* 16 Nov
QEE-DY-ZAngular Measurement of angular coefficients of Drell-Yan y*u~ pairs in Z boson mass 23 Nov ?
Bnoc-Bto3hCPV Direct CP violation in Bt—h*h*h~ using 2015-2018 data 23 Nov ?
Charm-D02mumu Search for the D% —pu*u- decay with Run 1-2 data 30 Nov ?
IFT-pi0-pPb-8TeV Nuclear modification of 7% production in pPb collisions at Vsyy=8.16 TeV 30 Nov ?
CHARM-BaryonSpectroscopyDp Charmed baryons spectroscopy with D% and D*p final states 30 Nov ?
BnoC-Bd2ppbarKpi Search for CP violation using T -odd correlations in BO—ppK+*n~ decays 30 Nov ?
Charm-Lc2pKpi-AmAn Amplitude analysis of A*.—pK-n+ decays from semileptonic production Dec ?
Charm-D2ETAHCPV Measurement of direct CP asymmetries in D* ,,—n()n+ decays with Run2 data Dec ?
BandQ-B2LcLcK Study of the Bt — At Ao Kt decay Dec ?
RD-B02KstTauMu Search for the lepton flavour violating decay B—K%ru Dec ?
RD-Bu2KTauMu Search for the lepton-flavour violating decays Bt*—K*1*u* Dec ?
RD-Rphipi Test of lepton flavour universality using D* ,,—n*¢(£+{~) decays Jan?
RD-RX Test of lepton flavour universality with b—st+{- decays Jan ?
SLB-DandDstarTauNu Simultaneous extraction of the BF ratios R(D) and R(D*) with Run 1 Jan ?




Deadlines?

e We start to worry ~now about Moriond...

Latest date | Practice

Autumn 2020 conferences

Implications 7 7Jun 2020 7 Sep 2020 w/c21Sep w/c50ct2020 12 Oct 2020 w/c 12 Oct 19 Oct 2020 w/c 19 Oct 28 Oct

(virtual 2020 2020 2020 2020
confirmed)

CKMcz 30 Nov
(cancelled) 2020
Winter 2021 conferences
Initial Stages 3 Aug 2 Nov 2020 w/c 16 Nov w/c 30 Nov 3 Dec 2020 w/c7 Dec 2020 11 Dec 2020 w/c 4 Jan 10 Jan
(IFT)z 2020 2020 2020 2021 2021
La Thuile 7 15 Oct 15 Jan w/c1Feb w/c15Feb 19 Feb 2021 w/c22Feb 26 Feb 2021 w/c1Mar 8 Mar 2021

2020 2021 2021 2021 2021 2021
Moriond 7 29 Oct 29 Jan w/c 15 Feb w/c1Mar2021 4 Mar2021 w/c 8 Mar2021 10 Mar 2021 wi/c 15 Mar 20 Mar
2020 2021 2021 2021 2021
Summer 2021 conferences
Quark Matterz 17 May 16 Aug w/c 30 Aug wi/c 13 Sep 16 Sep 2021 w/c 20 Sep 22 Sep 2021 w/c 27 Sep 3 Oct 2021
2021 2021 2021 2021 2021 2021

https://twiki.cern.ch/twiki/bin/viewauth/LHCbPhysics/UpcomingDeadlines
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“Moriond” ?

This was not a conﬁrence or a school, but a gatﬁem’ng

“rencontre”) of minds. The name of what became a series of
meeu’ngs reffe’cts this om’gina[ motivation. Held in Moriond
vi[fage, the very ﬁrst cf the Rencontres de Moriond was a
resouncfing success. (1965)

The 20 Jmm’c?pants included theorists and exyem’memws of
all ages, from France, Clmfy (Frascati) and Germany (DESY).

The time was well fi[[ec[ with frui’gﬁif but relaxed discussions,

cufinary exye’riments, sEiing, and eveninﬁs spent [iswmng to
music ]oerformec[ Ey the scientists themselves.

Gradually, the Rencontres de ‘Moriond became known as the
annual fair qf the ﬁigﬁ-energy Jaﬁysics community.

https://cerncourier.com/a/40-great-years-of-the-rencontres-de-moriond/
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“Moriond” ?

This was not a conﬁrence or a school, but a gatﬁem’ng

“rencontre”) of minds. The name of what became a series of (“gathering of minds” ?)
meeu’ngs reffe’cts this om’gina[ motivation. Held in Moriond
vi[fage, the very ﬁrst cf the Rencontres de Moriond was a
resouncfing success. (1965)

The 20 Jmm’c?pants included theorists and exyem’memws of
all ages, from France, Clmfy (Frascati) and Germany (DESY).

The time was well fi[[ec[ with frui’gﬁif but relaxed discussions,
cufinary exye’riments, sEiing, and eveninﬁs spent [iswmng to (culinary??)
music ]oerformec[ Ey the scientists themselves.

(20 ?1)

Gradually, the Rencontres de ‘Moriond became known as the
annual fair qf the ﬁigﬁ-energy Jaﬁysics community.

https://cerncourier.com/a/40-great-years-of-the-rencontres-de-moriond/
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