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Outline

m The early years of the conference 1993-1999

¢ Focus predominantly on preparing B-physics experiments for
hadron machines

m [The ete- and Tevatron era : 1999-2009
m [he LHC era: 2009-2022

m The onset of the era of Belle-Il and the LHC upgrades :
2022 and beyond

® Summary
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Beauty conferences in the series

|) Beauty 1993 Liblice Castle, Melnik, Czech Republic

2) Beauty 1994 Le Mont Saint Michel, Normandy, France
3) Beauty 1995 Oxford, United Kingdom

4) Beauty 1996 Rome, Italy

5) Beauty 1997 Santa Monica, CA, United States

6) Beauty 1999 Bled, Slovenia

7) Beauty 2000 Sea of Galilee, Kibbutz Maagan, Israel

8) Beauty 2002 Santiago de Compostela, Spain

9) Beauty 2003 Pittsburgh, PA, United States

10) Beauty 2005 Assisi, Perugia, Italy

| 1) Beauty 2006 Oxford, United Kingdom

12) Beauty 2009 Heidelberg, Germany

|3) Beauty 201 | Amsterdam, Netherlands

|4) Beauty 2013 Bologna, Italy

|5) Beauty 2014 Edinburgh, United Kingdom

|6) Beauty 2016 Marseille, France

| 7) Beauty 2018 La Biodola, Elba Island, Italy

|8) Beauty 2019 Ljubljana, Slovenia

|9) Beauty 2020 Online Conference, hosted by Kavli, IPMU, Japan
20 Beaut 2023 Clermont- Ferrand France



https://inspirehep.net/conferences?sort=datedesc&size=25&page=1&start_date=all&q=series.name%3A%22Beauty%22

The early years of the conference 1993-1999

BaBar and
Belle
“LHC-B” construction
collaboration well
formed underway

l l

1993 > 1994 > 1995 > 1996 > 1997 > 1998

First PEP-Il KEK-B LHCb Technical
Beauty construction Proposals
Conference starts
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The first conference 2003 : Liblice
Castle, Czech Republic — participant list
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Beauty 1993, Czech Republic ‘

m Initiated by the “Father” of the Beauty conference
series, Peter Schlein, and colleagues

Peter Schlein
1932-2008

m  Began as a forum for discussion of comparison of
different methods of B-physics experimentation
¢ e'e”, LHC and the SSC, Hera-B

Nucl. Instrum. Meth. A333 (1993) |




Beauty 1994 : Mont-Saint-Michel, France

T

" Nucl. Instrum. Meth.A 351 (1994) |
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ELEROMAG N ENC

CALORVMETER "
Nucl. Instrum. Meth. A351 (1994) | l

|Beauty 1994
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m Three proposals for l - , |
B-physics at the LHC . -k — i H- <-
were presented bosa) . B TE e ]
(already introduced at pan ALl — T
Beauty ‘93) 71%&

¢ COBEX (LHC Collider "/ =~ =
mode) >zt

¢ Large Hadron Beauty “WifL o '“ﬁ¢‘=~/g£; SArmens
LHB experiment (beam ) = ALET R
extraction) woman ot wambers sy

¢ GAJET (internal gas jet : ll.

target)
® And also HERA-B
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CERN LHC Committee (LHCC) June 1994

m The LHCC discussed the relative merits of the
three proposals. Conclusions (extracts):

* None of the collaborations have the necessary
resources.

¢ Collider mode has the greater potential.

+ An optimized design of spectrometer does not exist
yet.

¢ The committee therefore encourages all participants
from the three proposals to join together to prepare a
new Letter of Intent for a new collider-mode b-physics
experiment.
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The “LHC-B” Letter of Intent

CERN/LHCC/94-34
30 August, 1994
N T B

Memorandum
30t August 1994

LHC-B._ .

A
NoT b.

A Dedicated Collider Beauty Experiment
for the

Large Hadron Collider at CERN

MEMORANDUM

Abstract

This memorandum is in response to the request from the LHCC for a progress report, in time
for their 31 August meeting, from the new B-collaboration formed around a “Dedicated B
Physics Experiment”™. We are pleased to report that the former COBEX, GAJET and LHB
groups have successfully merged. We have already had two combined collaboration meetings
and bave a third scheduled for | September, 1994, A 6-member executive committee is
in place. Working groups have been formed and are functioning constructively. We are
proceeding towards completion of a Letter-of-Intent by the end of 1994, The present status
of our new collaboration, which we are presently referring to as LHC-B, appears on the
following pages
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The “LHC-B” Collaboration is formed ‘

3rd INTERNATIONAL WORKSHOP on B-PHYSICS at HADRON MACHINES

EATTY'S5

| 1

Nucl. Instrum. Meth. A368 (1996) |

The pumase of this Workshop s to International Advisory Commitiee Sponsored by For further information contact:

study Ihe expsrimental challenges 2N i frtmiose s ey The Workshop Secratary, Sue Geddes

and physics potential connectod SR R hcowgicn ¥ Poricse Pryacs & BEAUTY?5GPHYSICS. OXFORD. AC.UK

with the future generation of B-physics s QUich. Yo Au Admacmy fmecch Concl o 40r the local committee:

exparimeants al hadron machines. - :,:.‘ speoohi o N. HARNEWGPHYSIC S OXFORD.AC UK

The Proceedings of BEAUTY @4 are ‘,"m’ ’ ’,"' oson - Or the World-Wide- Web home page
published in Nucl. Inst. & Meth, A3S1, ohGe 08 FonCe) DESY nHp fwww-pnp.physics.ox.ac.uk/beauty9s. hml
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Example of how to take

Beauty 1995 Oxford 2 good group photo

(courtesy Stuart Bebb)

» e
4/ 1y
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A Google search : “Beauty 1995
workshop Oxford group photo”

EAT & DRINK STAY

RIVERSIDE PUB
IN THE HEART
OF OXFORD

Situated besides Oxford’s scenic Riverisis. The
Head of the River matches.its.feod;drink and

accommodation to thebeauty of its-surroundings.

Whether you jein us'feran hourin the garden:or
for a night in one'offour rooms; we're confident
you'll hate to say goodbye:

BOOKA TABLE BOOK A ROOM

FULLER’S

PRIVATE EVENTS

GALLERY

ABOUT

JOBS




BeaUt)’ |996’ Rome Nucl. Instrum. Meth. A384 (1996) |

B8 — J/‘W K° COF Preliminary
m The Babar and Belle e} [
. . ‘g 110 pb™' 239422
experiments are well in 2ol qun s Fvents
2 _

preparation - SN
m “LHC-B” pushes towardsa  £"|

Technical Proposal £
m BTeV at the Tevatron gets )

initial approval towards a D

. L " " I 1 .
5.1 5.15 5.2 5.25 5.3 5.35 54 5.45

Technical Proposal 3/ K Mass  (GeV/c?)

Fig. 10. The total numbc[l; of B mesons collected in 11(; pb~! ofhdata
M . or the decay to J/ K. It is from this starting point from which our

| The fl rSt BO —> J/\'j KOS Slgnal irguﬂ;cnts m:: (tfP éiﬁlat’onsre;ch in Run-II prl:::ei P

iS Observed at a had Fon Nucl. Instrum. Meth. A384 (1996) 79

collider (CDF)

Beauty 2023, Clermont Ferrand 4 July 2023 N. Harnew 14



The e*e™ and Tevatron era : 1999-2009

First results
from BaBar, LHCb TDRs

Belle approved

sin2f3 well

BaBar and

measured by LHC
BTeV commissioning
cancellation runs

1999 > zooo> 2001 > 2ooz> 2003> 2004> 2005> 2ooe> 2007> 2oos> 2009

|
|

BaBar, Belle, CDF and DO

HERA-B upgrades

commissioning commissioning
run

Beauty 2023, Clermont Ferrand

LHC BaBar and Belle

experiments - stop data taking
construction

starts

Nobel prize for
Kobayashi and
Maskawa
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Beauty 1999, Bled, Slovenia.

Nucl. Instrum. Meth. A384 (2000) |

m Belle, BaBar, Hera-B commissioning and producing first

results
Be00 |- | e
g BABAR
m, 0 = (133.9 + 0.3) MeV
400 | 00=(10.3+0.3)MeV |
Monte Carlo Expectation: o ¢ = 8 MeV -
E,0> 0.5 GeV
200 !
| L;,.r‘*‘
A
" J) ; “{fw:’«
i N,
4 o
O £ : g atont Ve
0 0.2 0.4 0.6 0.8 1
m,, (GeV)

Two photon invariant mass

Nucl. Instrum. Meth. A384 (2000) 71

events / 10MeV
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oy
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Jhy = 11

: Hera-B

nev /100 Mevic®

t 4

an | { |

CTeteget,iestee
GeV 2 25 3 35 4 43 :5
invariant mass (GeVic)
Two electron invariant mass
from a common vertex

Nucl. Instrum. Meth. A384 (2000) 176

m (1)

Two lepton invariant mass
Nucl. Instrum. Meth. A384 (2000) 75
4 July 2023
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‘ Beauty 1999, cont’

m Opal and CDF experiments provide hints of non-zero

sin 23 and CP violation
sin 2B = 0.79 + 0.44

sin2f=32+19+0.5 g7 —— Am fixed
z | CDF Am floating
< »Y"‘Y1f' YT‘I’f' "'"7' ""' A ']"Y"]"' A '-‘ E j- m
z 6 'Y 4 OPAL data 3 :
@ 3 =
E 4 = 1 B = .1
E‘ e
= 2 :+ o . A 11
z SR
= i 5 e i
A a,
; '2 --"\-. \\"
v - -
4 1} 11
] S ST 2 005 01 015 0.
Btttk ed i A AN AL L L LA L L L AL ﬂ H‘M ﬂlj -ﬂ,lj ﬂ._z ﬂ.zﬁ
-1 0 1 2 3 4 § 6 ct icm)
reconstructed proper time ( P\) Fig. 17. The CP asymmetry in the two BO—]/WKs°

subsamples: on the left-hand side, as a function of the
proper time, in the sample with precise ct information; and
on the right-hand side, integrated over the proper time (a
single point), in the sample with imprecise ct information.

N s, Iisdn, s (Ee) &7 Nucl. Instrum. Meth. A384 (2000) 106

Beauty 2023, Clermont Ferrand 4 July 2023 N. Harnew 17



‘ Beauty 200 3 ; Pitts b u rgh AIP Conference Proceedings 722 (2004) |

. . 600 [ e
m sin 203 (sin 2¢,) at .
. % 400
Babar/Belle well established g
5 200
m Belle:sin2¢, = o focere™ | g
- 0<r<0.5 ;
0.733 £0.057 £ 0.028 i 0S| | +4 Belle
= ]
m First measurements of coand § |
. £ .05
Y emerging e
o
AIP Conference Proceedings 722 (2004) 42 ZlT 0.5 ¢
2 =z of
: ; 0.5

FIGURE 1. Measurement of sin(2¢,) using 140 fb 1 col-
lected by the Belle detector. (a) Proper time difference for each
flavor; ¢ = +1 and —1 denotes B® and B, respectively. & £ is
the CP eigenvalue of the final states. (b) The raw asymmetry for
the poorly flavor-tagged sample. (¢) The raw asymmetry for the
well-tagged sample.

Events | 1 ps

Asymmetry

At (Ps) ¢ AIP Conference Proceedings 722 (2004) 23

FIGURE 2. BaBar’s decay-time distributions for B® (top)
and BY (middle) decays to £+ 7 and the resulting charge

asymmetry. 4 july 2023 N. Harnew 18



Beauty 2003, cont’

m CDF and DO setting the
standards for B physics at
hadron machines

m B lifetime measurements

m But sadly Hera-B’s physics
output was very limited

-~
- -
z 2l W HERAB Kidonakis et al. (2001)
E § A ET9 S T oem=sanIIl
- @ ET7I -
£ e 5
= e o NS S L
2 10 e ST L
— e ==
= »
]
° --
1
= Bonciani et al, (2002)
I|II||II||I|I|I|II|III||I|II

0
400 500 600 700 500 900 1000
HERA-B Proton energy (GeV)

FIGURE 9. Comparison of the HERA-B (2000) O'[EJE mea-
surement value with other experiments and the theoretical pre-
dictions.

AIP Conference Proceedings 722 (2004) 57

IB™ Lifetime |

i | = Doco dats
3103:_ ;T:IIQ'T':LI
_E E wxs BAackground
E : A« =406 % 26 pm (staty «Z0/-27 (syst)
1025 Dics Run 1l Prellminary
- DO
10 |-
b
-0.i:|5' i g i L I
FIGURE 2. Fitresult for c7(J/wK ™) at DO.
AIP Conference Proceedings 722 (2004) 167
. CDF Run Il Preliminary L=138 ph"'
EWE B L uwK-  data
2 10* Gt (Sig)
g ct (Bkg,)
g .. Wtk | CDF
% Fit prob: 0.03%
3 w0
1
ct, cm
FIGURE 3. Fitprojection ¢t(J/wK ) at CDF.
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Beauty 2005, Assisi, Italy

Nucl.Phys.B Proc.Suppl. 156 (2006) | A
. ) BaBar
m BaBar and Belle make first o

measurements of CKM

angle a (¢,)
*a=(103£9x1Il)°

Figure 3. Dalitz plot for B — 777~ 7" decays.

Nucl.Phys.B Proc.Suppl. 156 (2006) 29

m LHC experiment R&D now mm . e
at an end, construction R St
= Sadly this year BTeV was
cance”ed by the DoE D 120 T1E0 160

o (deg)

Figure 4. Confidence level versus a for all modes.

Beauty 2023, Clermont Ferrand 4 July 2023 N.Harnew 20



Beauty 2006, Oxford revisited |

Nucl.Phys.B Proc.Suppl. 170 (2007) |

m BaBar and Belle make first

measurements of CKM angle
gamma (¢3) in B* — DOK*0)

BaBar Belle

(92 4+ 41 + 11+ 12)° (53113 £3+9)°
Nucl.Phys.B Proc.Suppl. 156 (2006) 70
m CDF measures the B oscillation
frequency to >5 6 : Amg = 17.77 *
0.10(stat) = 0.07(syst) ps~'.

Nucl.Phys.B Proc.Suppl. 156 (2006) 129

= A quote from the Editorial
(Harnew and Wilkinson)

¢ “As this is the last conference in the
series before the start-up of the LHC,
Beauty 2006 was a timely opportunity

to review the status of the field.

Beauty 2023, Clermont Ferrand
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Figure 8. The B? — B? oscillations signal, in the
hadronic sample, measured in bins of proper de-
cay time modulo the measured oscillation period
27 /Amg. The figure is described in the text.

2 CDF Run Il Preliminary L=1.01b"
-§ - datat+ 1o & 95% CL limit |T2|:IS
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represents 1.6450 4 and indicates a sensitivity of
31.3 ps—!

INe B QU HIC VY L1



‘ BeaUt)’ 2009, Heidelber’g ‘ Proceedings of Science BEAUTY2009 (2009)

®m End of data taking for

BaBar an d B e" e PoS BEAUTY2009 (2009) 062
(~1.5 ab"! total) . An g T 7 AN E
amazing legacy of E
results presented at _ o -
the conference <
¢ the observation of B—1tv N _§
¢ the forward-backward 0o B . v i s a
asymmetry in B—>K" I*17, | - | 5 | |
¢ Beta known to |° Figure 5. The state of the art, as of Beauty 2009, in constraints on pand 7. The level of precision and

level of consistency is striking.

o known to 5°,

v known to better than
| 5°

Beauty 2023, Clermont Ferrand 4 July 2023 N. Harnew 22



The LHC era : 2009-2022

ds vs. Al's
combination,

56 measurement Ry, Ry
Ko 7K CP violation

CP violation of B —»pu u-, measurements, : ,
: confirmed in
in Bg system Pentaquark v measured to h .

. . charm system
established discovery 5¢° 4

l

2009 > 2o1o> 2011 > 2012 > 2013 > 2014> 2015 > 2016 > 2017> 2018 > 2019 > 2ozo> 2021 > 2022

. I

LHC ATLAS, CMS, LHCb Upgrade-| LHC long LHCb Upgrade-|
commissioning LHCDb first TDR approvals shutdown 2 commissioning
runs with beam physics results run

after LHC First data

accident from Belle-II
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‘Beauty 2009, cont’ ‘

First data from the LHC
experiments (despite the
LHC accident in 2008)

¢ First lifetime
measurements

ATLAS

Proceedings of Science BEAUTY2009 (2009)

Rob - Jry

pp—>J/wX

4%00 5000 5100 5200 5300 5400 5500 5600 5700 - ] 10
Mass (MeV) Decay time (ps)

Figure 6: Distributions of the reconstructed B) mass and decay time expected with integrated

" - -1
luminosity of 10 pb™. PoS BEAUTY2009 (2009) 030

= e S s B B B S S e e

[ BB Bkg
[ Prompt Bkg
[ B JIWKTy X

I signal

UL L B
CMS Preliminary
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Events / { 0.006 GeV/c? )
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Tl P R R N .

.....
T SRR

3
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L I B L L L L L e
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035 0.4
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number of events
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— tof Wy from b

— tofall &y

LHCb

PoS BEAUTY2009 (2009) 031

Figure 6: Left: J/y mass distribution for 19 M MB events. The mass resolution is about 11 MeV/c?. Right:

the distribution of the discriminant variable ¢ for prompt J/y and J/y from b decays.
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‘ Beauty 201 | Amsterdam

m First physics from the
LHC experiments

¢ Observation of direct CP
violation in B — K*nt™ at LHCb

4

B — J/y ¢ decays

g B
AR U LT LU LA

Events / (0.018 GeWic)
- -

CMS \s=7 TeV
L=40pb’
ct>0.01cm

(@)

"o 900f

>

© B00-

PoS BEAUTY20I | (2011) 003
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Figure 1: J/y¢ invariant mass distribution observed by CDF (left) and D@ (right).
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‘ Beauty 2013, Bologna ‘

m The LHC experiments start to

Proceedings of Science BEAUTY2013 (2013)

push the boundaries

¢ First evidence for B¢ —»p"u~ from LHCb
+-Y — +1
BBY —ptu)=(3.21]
¢ Much improved constraints on the Bs mixing phase
in B¢ — Jhy ¢ decays
¢ DO-DOmixing : first >50 observation in single
experiment (9.16) from LHCb
LHOD <10 1"+ CDF 9610+ DO 8™ + ATLAS 401 " g 14 i crsmnesi o
N ‘ D@‘\“‘ g gUﬂ 2;_ Arléf??zt,Tinaw
2 \ 68% CL contours 1 0_1—J‘Lm=4'gm
: (Alog £ = 1.15) 4
E {1 LHCb E 008
i RUPUIEE X S ] 0.06f
2 R _:-"(_)‘ql]’rlbined = b
I by M ] 0.04¢
[ “\.C‘}DF f_' sM :',,' ATLAé::. _: 0.02k
151008 0005 1015 ‘

5% [rad

PoS BEAUTY?2013 (2013) 060

ATLAS

4 (stat)T93 (syst)) x 1077

e AT, = 21 gle05(8)

T T T
—68% C.L. —
- 80% C.L.
-+ 85% C.L.
4 Standard Model |
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and new B, mixing results
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BeaUt)’ 20| 4, Edinbu rgh Proceedings of Science

BEAUTY2014 (2014)

m In 2014, International Conference on B-Physics at
Hadron Machines becomes International Conference on
B-Physics at Frontier Machines

¢ Improved gamma combination measurements to 9°
* B— K'uu so-called P5’ variable from LHCb

¢ Belle-ll preparation started
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Beauty 2016 Marseille ‘ Example of how NOT

to take a group photo
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Beauty 2016, cont’ | i

Weighted candidates per 40 MeV/c2

m Observation of Bc— p*u™ and evidence for B— pu~

LHCb and CMS combination

Finally after

The combined fit leads to the measurements BB >utu )= 35 years of

0.7 9 0+, — 1.6 —10 .
(2.8"75¢) x10 "and B(B"—»pu"pu")=(3.9"3) x 10 searchlng!

CMS and LHCb (LHC run I)
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PRL I'15 (2015) 072001

and the pentaquark discovery
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P *(4380): M = 4380+8+29 MeV , [ =205+£18+86 MeV 9 sigma
P *(4450): M = 4449.8+1.7+2.5 MeV , I = 39+5+19 MeV 12 sigma
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‘ Beauty 2018, La Biodola e

o
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Proceedings of Science

BeaUt)’ 201 9, LjUbIjana, Slovenia BEAUTY2019 (2019)

N D|Scover)' Of CP VIOIa’tlon 1 Phys. Rev. Lett. 122 (2019) 211803
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| The era of Belle-Il and the LHC upgrades |

2019 > 2020 > 2021 > 2022 » 2023 > 2024 > 2025 > 2026
| T | |

Belle-Il begins First physics LHCb Upgrade-| First LHCb ATLAS and CMS
data taking results from commissioning Upgrade-I physics Upgrade-II's
Belle-ll run results presented? planned
installation

And LHCb Upgrade-Il in 2033 !
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Beauty 2020, Tokyo, the first ATy B0 05
completely online conference

PoS BEAUTY?2020 (2020) 01 |
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We have come a long way ...
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Summary

m The Beauty conferences have always seen an enlightening
mixture of theory and experiment (apologies to theoretical
colleagues that | didn’t highlight their many excellent
contributions)

m The field of Flavour Physics has taken a huge leap over the
conference’s 30 year history
¢ Exciting experimental developments

¢ Unitarity Triangle measurements are consistent with the Standard
Model and new physics is becoming constrained

¢ Rare decays measured down to the one in a billion level, and whole
families of new particle states

* Nevertheless, there is still need for increased precision which Belle-Il
and the LHC upgrades will provide in future years

® We look forward to the next 30 years of Beauty conferences !
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