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Tracking and
Data Relay
Hubble 3 Satellite
Space
Telescope

Goddard|Space
< Flight.Center
<t Greenbelt, MD
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Science Institute
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High Energy Beam Transport Line

Synchrotron |

Quality
Assurance

Treatment Places

GSI accelerator design First turn in the synchrotron Febr. 2007
Commissioning of the facility in progress

Jean-Michel Lagniel Hadrontherapy in Europe PAC-07 ABQ June 2007

Carbon 12 (3 Tt rooms - 1000 pts/year)

Investment running cost Tt cost
M€ M€ €

Heidelberg 68 14 26 000
TERA 89 13 25 000

Lyon Etoile 88 17 27 000

Medaustron 75 14 24 000
Karolinska 80 17 27 000
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LHC...and future machines
Continue to measure its
Properties
Is it alone?
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LHCb 24th Anniversary, CERN. Nov. 5, 201 9

LETTER OF INTENT

A Dedicated LHC Collider Beauty Experiment

for Precision Measurements of CP-Violation CERN/LHCC 95-5
_ L ’ LHCC/ 18
( yd mdz LHCHr § tedz® B SitwQyHd s~ * dzigls € I1©" alzd ) 25 August 1995
. Last update
Imperial College., London, U.K. 28 March 1996

A. Duane, A. Howerd, 1. Last, J.G. McEwen®, D. Websdale

University of Oxford, Oxford, U.K.
N. Harnew, F. Harris, T. Hessing, G. Wilkinson

Institute of Physics and Techniques, Kharkov, Ukrain
Yu.N. Ranjuk, P.V. Sorckin . I H‘ B

Institute for Nuclear Research, Kiev, Ukraine
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HER/B- dedicated Bphysics experimerfL992¢ 2003) -
800/920 GeV proton beam at fixed targBlESY (Hamburg)

HERAB. 1994- 2003

The LHCb detector — forward spectrometer

with excellent charactarisitics LHCb: The Large Hadron Collider Beauty
M Smpuem 2 BRI SO S Experiment for Precise Measurements
of CP-Violation and Rare Decays
*+ Momentum resolution about 0.5 %
ﬂ-CH_K'u\n-p-in— :?;-ﬂl’l:’:l‘::}lww-ﬁk
* Track reconstruction efficiency > 96 % (pp-collisions) s decter W amon o cc—
+ Impact parameter resolution: ~ 20 pm i = B
* Decay time resolution: ~45 fs s ?
+ Invariant mass resolution: E‘
~(10-20) MeV/¢* 1
11
+ Ring-Imaging Cherenkov Detectors and Muon system - %
ST ovcn wt e {
(Perfect D efficiency) |- i
_:. f 15 Gavie .. 200 GaVy
The only LHC experiment fully instrumented at large n (2<n<5)
: Techniques Noble gas only
A h_ - R <A #Detector for physics events reconstruction in {very low chemical reactivity)
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Flavour - Theorie von Cabibbo, Kobayashi und Maskawa (Nobelpreis 2008)
w Flavour Eigenzustdnde (schwache WW) sind Uberlagerung
der Massen Eigenzustande, verbunden durch CKM Matrix e
@ CKM Matrix ist complex and unitar: o
4 unabhdngige Parameter : 7.%'5 "
w 3 Winkel + 1 Phase =+ CKM Dreieck "
Ulrich Kerzel (CERN)
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LHCD Preliminar ﬂ L The 53rd Rencontres de Moriond session devoted
e A T(ns) 1 to ELECTROWEAK INTERACTIONS AND UNIFIED
~ {ﬁ:?"‘”b - Backgromd ] THEORIES (La Thuile, March 10th - 17th, 2018.
g § = 7,8T6V [ b) ] ] )
g 4 zg)a;wwp)- Searchfora dimuon r esonance 1 n t
= region . The only known fundamental scalar
E 104} particle is the Higgs boson with a mass of
c ok 125 GeV.

However , additional spin -0 particles, called U
bosons , arise in many extensions of the
Standard Model (SM) and are often predicted

to be lighter than the Higgs boson.

Al A A A P s NN ) 1 The image shows the mass spectrum of the muon
g et T LT Tpair in the whole search region. Mass peaks for
6 8 10 12 14 fi ve hyp o t-boson masahypotheses are
m(up) [GeVldisplayed in green . No evidence was found.
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* B violation (sphalerons)
* C & CP violation

» Out-of-equilibrium or
CPT violation
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Measuring asymmetriesi

restrict the systematicerrors
Asymmetrieswere derived from
measureddata for decays

of neutral B;aswell asB, mesons
(to getrid out of systematicerrors)

[(B % K—a+t)-T(B" - K+x~
Acp(BY = K+r—) = B h7mt) — 1B = R7am)
T(B = K-nt) +T(BY = K+n-)
B 3 K+tr~)-T(BY - K-t
T(B = Ktn-) +T(BY 5 K-t

Acp(B%Y K* -) =-0.091N0.006

The most precise measurement.

Acp(B%Y K- +) = +0.28N0.04
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B mixing and CP violation
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Time dependent decay studies DO 8fb~' HFAG
for measuring CP violating |
parametersin B,mixing: Preliminary
¥ 0.12f 68% CL regi
B, JIn 177 <and — AIogere l.c%r%s
— Y/
- - ]
B, Ja - £ 0.10rCDF 9.6fb™" %
oy ATLAS 4.9fb™
4
CP violating phasé  may Q.08
Il nclude new physi .
0.06}
Combined for two

processes results are . =02 0.0 0.2 st

compatible with SM. 95°° ° [rad]
(Phys.Lett B736 (2014) 186) Update for 3 fol

= (70 +f 68 ++ 8) mrad
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21 March 2019, LHCDb:
Discovery of CP violation in charm particle decays.

1964 2001
1956 Strange particles: Beauty particles:
Parity violation CP violation in K CP violation in BY

T.D. Lee, meson decays meson decays
C. N. Yang and J. W. Cronin, BaBar and Belle

C. 8. Wu et al. V. L. Fitch et al. collaborations

2019

1963
Cabibbo Mixin 1973 Charm particles:
. The CKM matrix CP violation in D°

N. Cabibbo M. Kobayashi and

T. Maskawa meson decays

LHCb collaboration

Animportant milestone in the h |st02y of partlcle physics
[ GA=(-0.154 NO0.029)% ]
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