Flavour Physics

Starting a new era at LHC
Learned a few lessons from Tevatron ?
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Overview

@ The name of the game

@ The players at CERN

@ The other team at FNAL
@ Bs mixing at CDF - precision measurements at a hadron machine
@ Early physics

@ Think Trigger !

@ Will not cover B-factories
@ Extremely successful
@ Many significant contributions to Flavour Physics
@ Cannot access Bs system from Y(4S) resonance
(but remember Belle ‘engineering run’)




Flavour Physics

Weak Eigenstates are non-ftrivial d Vi d
superposition of flavour Eigenstates 0 e AR v s
— CKM matrix b Via Vis Vio :
@ Phases in some of the Vyy vy

w CP violation: matter treated differently from anti-matter
Popular parametrisation: Wolfenstein = p,n, A, A

@ triangle in complex p,n plane

Precision tests of CP violation:

@ Over-constrain triangle
@ Ongoing effort ! _ , BY(B") = p*p-. pm, '
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p = 0.1454 + 0.022
N =0.342 + 0.014
@ =920¢+32°
B=220+08°

Y =65.6+33°

(many more ...
worth a summary
talk on its own...)




The Road ahead...

@ All measurements fit into the Standard Model / CKM picture
@ Over-constrained tests OK to theoretical uncertainties
@ CKM phase consistent with source of CP violation
= need further sources to explain cosmic abundance of
matter
@ Searching for New Physics
@ Direct searches: Expect NP at TeV scale
@ Indirect searches
@ Complement direct searches
® Measure properties, flavour structure of NP
@ E.g.
@ Enhancing rare decay branching ratios
@ Precision measurements - theoretical expectations
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@ General purpose
detector

@ "Hermetic” design

= missing energy

~~.._:::_‘.‘ LAr hadronic end-cap and
W, forward calorimeters
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" Toroid magnets

Muon chambers Solenoid magnet | Transitic

o Mainly Higgs, direct
searches, QCD, ... |
o Both ATLAS & CMS have

flavour programme
= more extensive at ATLAS




LHCD

SPD/PS
RICH2 M

RICHI
......... I'T

Vertex
I.uc;unr '

----------------

------
-~ PO

& Detector optimised fowards Flavour Physics
= both b quarks produced in forward direction

@ Only look in a cone - no measurements with missing energy

@ High-precision vertex detector (inside beam-pipe) and RICH
detectors for particle ID



CMS / ATLAS

@ Flavour physics not in centre of
physics effort
= b tagging mainly part of Higgs

® B » J/p o
(resolution: 51 MeV for J/Y, 10 o sl i'“rii‘-). 1 g
65 M ev For B) . : : : : _ _ 3 : .325.34 III‘ Gzc/z

o o(J/W — pp) for“first physics”

o ATLAS:
@ Much more extensive flavour programme . ALY
@ B mass resolution “40MeV [ Direct onia
@ Centered on b = J/P X S Drelivan
@ Bs oscillation, sin(2B), Al'/T
(including Bs = Dsm, Dsay)
cross sections, e.g. Bf = J/P K*
Rare decays, e.g. Bs = pp
Spin properties, e.g. Ay = J/YA
Quarkonia, e.g. Xo — J/WY J/YP
o(IJ/QP, Y — pp) for “first physics”
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LHCb physics

@ Dedicated B physics experiment

@ Covering all aspects of Charm and Bottom physics
@ Cross-section, rare decays, lifetimes, spectroscopy, ...

@ Higher cross-section than FNAL, better detector, trigger
w more B (D) per fb!

1 fb! at LHCb =
C h a n n el W if Tevatron
50M / 2fb! at LHCb
DO — K 20 0.5M / 0.35fb"! at CDF
k / 2fb! at LHCb
B— hh 30 65/ 150 ot cor
1.7M / 2fb~ at LHCb
BE = J/\I) K* 60 3.4k / 0.25fb! at CDF
120k / 2fb! at LHCb
Bs 0 Ds T ].O 5.6k / 1fb™ c:llf CDF




SUSY models

0.2 0.3 0.4 0.5 1 N 4 5 é 7 é é
Integrated Luminosity (fb-") Integrated Luminosity (fb™")

Ars in BC = K* pu

Acg(s), theory

SUSY II (C,>0, Cw 0) o

@ Suppressed loop decay
@ Ars(s) in pp rest-frame probe of NP
@ Shape of distribution
@ Zero crossing
@ Determine ratio of Wilson coefficients
C7/Co with 13% stat. uncertainty




Bs mixing phase s very small in SM
= potentially large contributions from NP
Analyses: Bs = J/Wd, IJ/Pn, DsDs || cT(B) — Al ...

+nominal year LHCb
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Events / 20 MeV/c*
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Tree Level: Penguin Level: =
Bs i DsK Bs = KK, Bd = 1M s
B4 — DO = PID paramount [

Bt, B4 —»DK®), with D° decaying to: U spin approach
2 bodies: nK, KK, mm
3 bodies: KS mimr, KS KK, KS Km
4 bodies: Kmmrmr, KKmm

$524529 53835545488
Invariant mass | GeVic® |




Bs mixing phase s very small in SM
= potentially large contributions from NP

Analyses: Bs = J/Qd, I/ PYn, DsDs Il cT(B) = Al ...

Tree Level:
Bs = DsK
By = DO ) )
Bt, B4 —»DKD), with D° decaying to: U spin approach e, | e

2 bodies: nK, KK, mm

3 bodies: KS mm, KS KK, KS Km

4 bodies: Knmmim, KKmim




5+ years later ?

LHCDb projection (10 fb1)
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o(p)/p = 17% | o(P)/p = 3.5%
o(Mm)/m = 4.7% o(M)/M = 1.7%




Muon Sbintillators
— E\E‘E: Il
Muon Chambers

ermilab

Shielding
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— SSKT Track
~— Tag Muon
Other Track
Candidate Track

Beam Line

@ rrimary Vertex
@ B Vertex
@ D Vertex

PRL 101,232002 (2008) o

B physics “soft” CDF: Bs oscillations
= no nice je'I'S PRL 97, 062003 (2006)



http://link.aps.org/abstract/PRL/v101/e232002
http://link.aps.org/abstract/PRL/v101/e232002
http://www-cdf.fnal.gov/physics/new/bottom/060406.blessed-Bsmix/
http://www-cdf.fnal.gov/physics/new/bottom/060406.blessed-Bsmix/
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ATLAS: Higgs

@ Much busier events (again)

@ Pile-up, multiple events, ...

@ Again requires (steep) learning curve:
= |EP = FNAL — LHC



Amplitude
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Precision measurements

@ Tevatron can perform precision
flavour measurements !

—

o

-o- ddata ¢
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data ¢

CDF Run Il Preliminary

1o A 95% CL limit 17.2ps"

sensitivity 81.3ps’

16450
1.645 o (s1al. only)

CDF Run Il Preliminary

L=28fb’

- SM prediction
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— 68% C.L.

New Physics
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Bs mixing at FNAL

@ One of the key analyses at FNAL

@ Many FTE and PhD theses to make this measurement possible
@ Experimentally very challenging

0.1

B, mixing  Amg= 0.5 ps™

B mixing A= 20 ps” B: oscillations much

U =" oo st

= high resolution

ymmetry
O
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Mixed As
S
o

Dilution: 0.05%

2.5 5 7.5
proper decay time, t [ps]

Decay Time [ps] Decay Time [ps]




B, mixing at FNAL A

“opposite side” “same side”:
(semi) exclusively reconstructed B,

o.pposite | fragmentation
side kaon ‘- i kaon K*

D meson ~ o
b hadron

3) production flavour from
opposite side tag and
same-side Kaon tagger

1) decay flavour from

2) proper time decay products

measurement




Bs mixing at FNAL

Tagger:
@ Same Side Tagger (SST22_ TR s
@ Jet Charge i i

@ Soft lepton ID

@ Flavour from semi-lep. B decay

@ Diluted by oscillation and cascade
@& Calibrated on data

@ Opposite Side Tagger (OST)

@ K?* |leading fragmentation partner
Very powerful tagger
Checked using Bs = Ds 1 data
Calibration / Performance via MC
w many FTE data/MC agreement
w extensive checks to verify MC

@ Q0 Q




B mixing at FNAL R

o datat1c A 95%CLImit  17.2ps’
16450 sensitivity .

data+ 1.645¢
data = 1.645 o (stat. only)

@ “Pushing” on all fronts...

Amplitude

® Neural Networks:
o Identify tracks from B decays
o Identify B jets
o Identify leptons from B
o
o

v
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Jet Charge Tagger
B candidate selection

— significant improvements w.r.t. “conventional” approaches
@ Requires detailed understanding of simulation, including correlations
@ Rigorous tuning ...
@ .. and sftill not good enough for all tasks
= signal events modeled reasonably well
= have to take background from data
@ Many iterations until cut-based, etc. analyses could be replaced
=> Has to be done all over again at LHC !
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http://www-ekp.physik.uni-karlsruhe.de/pub/web/thesis/iekp-ka2006-6.pdf
http://www-ekp.physik.uni-karlsruhe.de/pub/web/thesis/iekp-ka2006-6.pdf

Early Physics

Treril  Eiassssessenil © ... but its been a
| long way to go...
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@ Indeed not too
| much B-physics -
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Understanding the Detector

CDF Run Il Preliminary

Use known resonances to calibrate

k detector

= missing material
w infroduce several “phantom layers”

A
e
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slgpe
" [MeV/c")/[GeV/c]

m(uw) MeV/c’]

-0.026 = 0.058
E-loss with layer 0.049+ 0.043
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* default E-loss 0.298+ 0.043 > CCDF Runll preliminary
J no corrections 0.904+ 0.043 o 80001 11 pb”!
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gTolzll Inelastic Cross—Section
: i i (at Tevatron)
@ Hadronic environment very
challenging for Flavour |+ 5000

Physics. :
pp—~ b+

@ Interesting signal "buried”
under large hadronic
background.
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@ Triggers are essential

@ Much more challenging than
@ B-factories “event shape”
@ LEP(1): Z° event

Mhd pT

Py

4 jQ_Q(|y|<0.6) for b-Hadrons (nb)
o

PN
=
-




Trigger

@ Trigger approaches:

@ First level:
@ Di-muon (J/W): “easy” trigger, clean signal
@ Single lepton : Semi-leptonic B decays
@ Combine with displaced track (CDF)
® Hadronic B : 780% of B decays
@ Require several displaced tracks at ’rrig‘ger level
@ Needs precision tracking at trigger level
® Biases lifetimes, etc.
@ Challenging for first physics...
@ PID based at LHCb ?

@ High Level Trigger (HLT)
@ Fully reconstructed decays
@ Need to adapt to changing luminosity - maximise recorded data
@ Set of fixed pre-scales
Dynamic pre-scaling
"Uber-prescaling”
Need to keep track of recorded luminosity ...

Q@ © 0
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Friday 5" September 2008

No access to UX85-B

from Friday 5" 12:00 h
~ LHCb cavern closed from the midday
by 5t September until further
otice due LHC startup

-




BACKUP

® Further material







