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Flavour physics at hadron colliders

e'e” —Y(4s)— BB |pp — bbX QE =2TeV )| pp—>bbX I(;,G =14TeV)
PEP-I, KEK-B TeVatron LHC
prod 1 nb ~100 ub ~500 ub
typ. bb rate 10 Hz ~100 kHz ~500 kHz
puntY =1/4 ﬂ‘hj_-,./G-HrE'F = 02% U_hﬂ/lﬂure'n" =0.6%
pile-up 0 1.7 0.5-20
Bcontent |B'B (50%),B°B (50%) B'(40%) B°(40%).B,(10%), B,(<1%), b baryons(10%)
B boost small, fy~0.56 large, decay vertices are displaced
event structure BB pair alone many particles non-associated to bb
prod. vertex Mot reconstructed reconstructed with many tracks
B"En mixing coherent incoherent— flavour tagging dilution
bb production _ :
at hadron 3 i
colliders 2 . z . >
Flavour creation  Flavour creation Flavour * Gluon ¢
(quark annihilation) (gluon fusion) excitation splitting
1im.Geérstion from Val Gibson HCPSS 2009
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Heavy flavour production @ ATLAS

“Measurement of the differential cross-sections of
inclusive, prompt and non-prompt J/Y production
in proton-proton collisions at Vs = 7 TeV”
Nucl. Phys. B 850 (2011) 387
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Heavy flavour production @ CMS

“J/IP and Y(2S) production in pp collisions
atvs=7TeV”
J. High Energy Phys. 02 (2012) 011
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Geometry

* In high energy collisions, bb pairs produced
oredominantly in forward or backward directions

 LHCDb is a forward spectrometer

- a new concept for HEP experiments
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The LHCb Detector
JINST 3 (2008) S08005
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The all important trigger

LHCb trigger scheme The LHCb trigger and its

Challenge is

* to efficiently select most
Interesting B decays

« while maintaining
manageable data rates

Main backgrounds

e “minimum bias” inelastic
pp scattering

« other charm and beauty
decays

Handles
- high p_signals (muons)

 displaced vertices
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40 MHz l l l

1 MHz

ECAL Had. Muon
Alley Alley Alley

3 kHz Global reconstruction

Inclusive selections:
topological, g, pttrack,
up, D—X, @

3 kHz
(2011)

! -
4.5 kHz

(2012) _
Write to tape

performance
arxiv:1211.3055

LO — high p_signals in
calorimeters & muon chambers

HLT1 —find high p_ tracks;

associate LO signals with tracks
& displaced vertices

HLT2 — inclusive signatures +
exclusive selections using full
detector information



Heavy flavour production @ LHCD

“Prompt charm production in pp “Measurement of J/{ production in
collisions at Vs = 7 TeV” pp collisions at Vs = 7 TeV”
LHCb-PAPER-2012-041 Eur Phys J C 71 (2011) 1645
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Phys. Rev. Lett. 108 (2012) 152001
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(no, not the Higgs)

“Observation of a New =_Baryon”
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The LHC
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LHC performance 2011
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Delivered integrated luminosity (fb=!)

Heavy Flavour @ LHC

LHC performance 2012

LHC 2012 RUN (4 TeV/beam

25 T T T T T T T T T T
—o— ATLAS 23.269 fb™

L
—— CMS 23.269 fb™' = A
—o— LHCb 2.192 fb™'

—0— ALICE 9.678 pb™'
PRELIMINARY

M
o
I

=
LN
|

=
o
|

Ln
T

+
-

Month in 2012

[generated 2013-01-29 18:28 including fill 3453}

Tim Gershon

S

factor ~ 10

Mar Apr ayju | p :::t u Dec Jan

Peak luminosity (10> cm™s7)

107

||_I
o
=t

=
o
L=

LHC 2012 RUN (4 TeV/beam)

@ ATLAS |]
A CMS ]
& LHCb
O ALICE |]
e PRELIMINARY |

i I i i I i [ | I I I
Mar AprMay Jun Jul AugSep Oct Nov Dec Jan

Month in 2012

[generated 2013-01-29 18:28 including fill 3453)

LHCb design instantaneous luminosity: 2 10°*/cm?/s 14



LHC Pagel Fill: 2178 E: 3500 GeV 03-10-2011 01:38:33
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Selected highlights of results
Rare Decays
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B -y
Killer app. for new physics discovery

SM ‘b MSSH ,

Wi

Very rare in Standard Model due to
« absence of tree-level FCNC _

* helicity suppression HY/A?

« CKM suppression : .
... all features which are not necessarily
reproduced in extended models

b W g !
> ~tan’p b
B(B - p'u)™=(3.2+£0.3)x107  B(B_- p'u)"" ~ tan°B/M*
Buras et al, EPJ C72 (2012) 2172
N.B. Should be corrected up by 9% since measurement is of
the time-integrated branching fraction (PRL 109 (2012) 041801)
Tim_Gershon 17
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Evens'ad MeV

Evenis/ad Ml

EvenizEd MeV

Latest results on B_— p™p

m, [Mev]
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ATLAS (2.4/fb) CMS (5/fh)
.. Phys.Lett. B713 (2012) 387 JHEP 04 (2012) 033
T 2 CMS, 5 fb' Vs =7 TeV CMS, 5 b \s = 7 TeV
£ | | 3 E5w"|""'|"|-- 35-|---|--|..|..|.
' ' 91 Barrel o Endcap
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| atest results on B - LU
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LHCb (2/fb)
Phys. Rev. Lett. 110 (2013) 021801
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| atest results on B - LU

LHCb (2/fb)
Phys. Rev. Lett. 110 (2013) 021801
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| atest results on B - LU

LHCb (2/fb)
Phys. Rev. Lett. 110 (2013) 021801
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B - K"y

+ B - K*u'u provides complementary approach to
search for new physics in b - slI'TT FCNC processes

- rates, angular distributions and asymmetries sensitive to NP

— superb laboratory for NP tests

- experimentally clean signature

- many kinematic variables ...

— ... with clean theoretical predictions
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Differential branching fraction
and angular analysis of the

0 *0, +,,—
BY— K A decay LHCb-CONF-2012-008
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https://cdsweb.cern.ch/record/1427691?ln=en

Differential branching fraction
and angular analysis of the
BY - K*0utu~ decay
LHCh-CONF-2012-008

I Theory W Binned theory
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First measurement of the zero- crossing point of the forward-backward asymmetry
— (4 9+11

Tim Gershon (SM predlctlons in the range 4.0 — 4.3 GeV?) ,,
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https://cdsweb.cern.ch/record/1427691?ln=en

Isospin asymmetry in B - K®¥pp

LHCb
JHEP 07 (2012) 133

Theory -e-Data
———

B—>Ku'u LHCb 3

aseE b T

0 5 10 15 20 25 S 0 15 20
150 oo g2 [GeV?/c*] q* [GeV?/c*]
1.90 3.00
Deviation from zero integrated over g° ~ 4.40 Consistent with zero & with SM prediction
Consistent with previous measurements Consistent with previous measurements
(BaBar, Belle, CDF) (BaBar, Belle, CDF)
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ACP

\

CP asymmetry in B° - K*’up
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2
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signal statistical | systematic total
g- region ( GeV=/ct) vield Acp uncertainty | uncertainty | uncertainty
0.05 < g= < 2.00 168.24+14.6 | —0.196 (0.094 (.010 (1.095
2.00 < g° < 4.30 T2.1£10.7 | —0.098 (.153 0.016 ().154
1.30 < ¢ < 8.68 | 266.34+19.1 | —0.021 0.073 (0.010 0.075
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Tim Gershon 26

Heavy Flavour @ LHC
VARANT Y A4

Acp (B' — K™ ™) = —0.072 £ 0.040 (stat.) £0.005 (syst.).




Selected highlights of results
CP violation
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Evidence for CP violation in D - h'h™ decays

LHCDb
PRL 108 (2012) 111602

Measurement of CP asymmetry at pp collider requires knowledge of production and
detection asymmetries; e.g. for D° - f, where D meson flavour is tagged by D** — Dit* decay

-Al'in".'lz.fjl — -“ql'.':-’.l”lz.f:l T -AUIIJF:I T -“qL'l'[-"T.w-;l jl + :'511!(.5* | :I

!

final state detection asymmetry
vanishes for CP eigenstate

Cancel asymmetries by taking difference of raw asymmetries in two different final states
(Since A_ and A depend on kinematics, must bin or reweight to ensure cancellation)

'&-“qlf:-’.l” — -Ar-,m-”f K I:' R -Al"rm'lzﬂ. i | :I

1 MeV/c?)
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Entries / (0

20000
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D ]
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Evidence for CP violation in D - h'h™ decays

LHCD
PRL 108 (2012) 111602

b7

Result, based on 0.62/fb of 2011 data 9
AA_, =[-0.82 £ 0.21(stat.) + 0.11(syst.)]% 3 =«
<

r
I
(@)
o

Naively expected to be much smaller
in the Standard Model

AA _ related mainly to direct CP violation 6 A S S L
CP 0 5 10 15 0
(contribution from indirect CPV suppressed by 002 Run block
difference in mean decay time) 55 00 m =
g 0.015— —F Ao Belle
: B A GOF Prelm,
0.01 :— :r‘lsﬂgb
.&A{j}: = ;‘fl,:"ﬁjzlsz .lr'!: l j| — ..-‘il,:‘jj:ll:'.l'l' '."I'I j] 0.005 : A:B:Il:r
: : Aty . 0]
-l.|.]l' i i {|.]I' f ]IH.|. L
= [ﬂm,[h K") — app(m rr']] + ; @GP 0005 |

-0.015

i R
-0.015 R
TImGerShOn _0_02-...‘\..‘.|.‘.& CPr J PN IR
\ Heavy Flavour @ LHC -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 -0302
Y | Y A e A B In
M~ acp
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Observation of D°-D° oscillations

RS and WS D*" - Dt"; D - K1t decays

—_
o

<
00

Candidates/(0.1 MeV/c?)
o
o

o
(8]

Tim Gershon
Heavy Flavour @ LHC

S

[a—
1

o
I~

x10°

T T T T T T T T
b ]+ Rsdus :
- ¢ — Fit ]
o {| B Background -

ot i
2.005 2.01 2.015 2.02

M (D°t*) [GeV/c?]

Candidates/(0.1 MeV/c?)

Ao

x10’°
L) LI B B
[ LHCb * WS data
8 — Fit E
¢ I B Background

LHCDb (1/fb)
arXiv:1211.1230

of
2.005 2.01 2.015 2.02

M (D°1t}) [GeV/c2]
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Observation of D°-D° oscillations

arXiv:1211.1230

Fit type Parameter Fit result Correlation coethicient
3 (x%/ndf) (10-%) Rp i’ r'?
><10 — Mixing Ry 3.52 £ 0.15 1 —0.95 +0.882
R 7E = (9.5/10) Y 72424 1 —0.973
-+ Data ] 2" 0094+ 0.13 1
6.5F _ N ivs . N No mixing Rp 4.25 £ 0.04
E Mixing fit E 98.1/12)
6F - No-mixing fit .
o 1 [ I I
— SR
5.5E = of E
C . ~
SE ] L.5F NN E
4.55 """""" I S - i E
4F = 05 — 16 LHCb :
3 5 -_ LHCb _: . ; """ 10 BaBaI‘ ;
- : oF lc Belle .
3E E F --- 16 CDF SRS
- e e -0.5F + No-mixing Tt ]
0 2 4 6 20 N T I
-0.1 -0.05 0 0.05
1T
x;Z [%]
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Ewvents / { 5 MeVic2)

give theoretically clean

B - DK decays

way to measure
CKM phase y

‘GL

B - DK decays

BSIK KK

LHCh

B[KE

1 .
e 1

1

1 \
\
. S \

B'-[K'K ) K

LHCH

LHCH

\
H\\ e LA

Sa00

DCP K ACP+

PRELIMINARY

BaBar : N 0.25+0.06 + 0.02
PRD 82 (2010) 072004 -
Belle i \ 0.29 + 0.06 + 0.02
LP 2011 preliminary
CDF : < , 0.39+0,17 +0.04
PRD 81 (2010) 03{105(R) , x '
LHCb , 0.14 +0.03+0.01
arXivii2033e62 | TN
Average e 0.19+0.03
HFAG

0.2 0 0.2 0.4 0.6

Tim_Gershon
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\
\
\

\ 5600
miDh®) (MeVic?)

\
\\
@ \
Moriond 2012\
\

\
\

Events / ( 5 MeV/e?)

"and “ADS” methods

LHCDb

Phys. Lett. B 712 (2012) 203

LHCb

Bk K

D KnKR, Y

5600
m(DhY) (MeV/c2)

PRELIMINARY

BaBar ! ) N 0.0110 + 0.0060 + 0.0020
PRD 82 (2010) (72006
Belle N 0.0163 150047 16,0075
PAL 106 (2011) 231803 = |
CDF 0,0220 £ 0.0086 + 0.0026
PRD 84 (2011) 091504 '
LHCb 0.0152 + 0.0020 + 0.0004
arXiv:12083.3662
Average 0.0153 +0.0017
HFAG Bl

-0 0.01 0.02 0.03

Observation of CP violation in B - DK decays
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y from B” - DK, D - K®_h™h"

LHCb (1/fb)
Phys. Lett. B 718 (2012) 43

e Results from “GGSZ” mode very important to break
ambiguities in determination of y

« Model-independent approach using D - K08n+n‘ and (world
first) D - KOSK+K‘

0 . m{(K@*w ), K*] (MeV/c?)
K ., categories

P F T T
b L + R T ]
= [ LHCh B = (K xx) K* (@) ]
= B : 5 7] o
X B0 Long K3 i
- o - i . . b
L — Sum, incld. combinatoncs
Z s 3 -
L Signal
— -
i . Mis-ID
‘g 40  Partially reconstructed
=
Wil & T T
20 . - o L ; + 0t | P
L 1 H 1 = LHCh B IK“K K jﬂK a)
- . H] b - L - J
KO tr N twW Ry = AlLKY 0 +1/—
S 0 : i;;;’ <600 SEO0 ; 40 | — Sum, incld. combinatorics |
; ¥ o = | M— i pnal 1 S
-
o
A
=
=
i3]

Swn e | (all combined)

F 200
T B* 5 (K'z*x) K* (0 1 I
= I LHCh K T}, (c) _ | 5 -
}: [ Downstream Ky ol IhNC L o i
u_: 150 - ——— Sum, incld. combinaorics 7] 0 [ _Af e el DL L1L]
b & W Signal i 5200 5400 S600 SR
2 2 MisID i m|rx‘;x+x‘,uhx-’| (MeVic?)
B2 ! Partially reconstructed ] ;
=
[} =
s0f .
T- G h PSP 0N, A . d
Im ers On 5200 34 5600 5800 33
A g~ ped 2
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y from B” - DK, D - K®_h™h"

Reconstruct Dalitz plot distributions ...

3 - ) —

m? (GeV/c?)

m2 (GeV /)

PR PR P L- PRI
1 1.2 1.4 1.6 1.8
mZ2 (GeV/c?)

Tim_Gershon
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m? (GeV/c?)

[
T

m? (GeV¥/c?)

3_

1 - 2 — 3
m? (GeV¥/c*)

L B B B B B B B (R B S B (N

lI_EL ‘ II_4I J Il_ﬁl l

TR
m? (GeV¥/c*)

LHCb (1/fb)

Phys. Lett. B 718 (2012) 43
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fe%)

2

(GeV

2

m

m2 (GeV /)

y from B” - DK, D - K®_h™h"
LHCb (1/fb)

Phys. Lett. B 718 (2012) 43

Reconstruct Dalitz plot distributions ... ... bin them ...
_ (in complicated but ~optimal way)

3 I I I I I I I I I I I T '\'fi.:-‘-\ 3 I I I
’ o £ 4 P;:J ) - Iﬂ'-'l rrrrrrrerrrrirrrid I | 'mq‘ﬂ rrrrrrrerrrrrrd | |
+ H 4 . :
& a:m 140F LHCD @ ] 5 f LHOY
I n ank ! : ] [
£ 2} 120F 'k ;: ] N
- [ = in P o d B
i 100} 2 e _
1 - s0f 1 |
ok ] ob t e e e
A — ] — ] : ] i
m? (GeV</c?) 0 I;&.;; !
T T T T T s L L B S B B i 1 -20
i - [ ) I o | I L1 (] S 1 Y (| l L1l
8F “:'} 1.8+ BT-6-5-432-112 3456782112 8-7-6-5-4-3-2-112345678:2-112
I 5 [ Effective bin number Effective bin number
6 4 ek -
I g [
L . ‘r“-u 3 w“-. | T T I T
L4 ] L4 ] = L (b)
[ [ S S
[5] 3 [} B
1.2 5 12f - S I t Yisf B
: B e:z‘l 2_ ,_E mEI I ,_E
i LHCb . B 1 h i 2 14 2
PR PR M MEPEE - P PR L PP - = L =
1 12 14 16 1.8 1 1.2 14 16 18 - 0 il )
m? (GeV/c?) m?2 (GeVc*) i : :
B ]_
Tim Gershon — ; : TR TR T
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m? (GeV/c?)

m2 (GeV /)

y from B” - DK, D - K®_h™h"

Lk
T

(5=
T T

Reconstruct Dalitz plot distributions ...

m? (GeV/c?)

[
T

m? (GeV¥/c?)

L L- PRI
1.6 1.8
mZ2 (GeV/c?)
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3_

1 - 2 — 3
m? (GeV¥/c*)

L B B B B B B B (R B S B (N

PR PR
1.6 1.8
m? (GeV¥/c*)

LHCb (1/fb)

Phys. Lett. B 718 (2012) 43
... binthem ...
(in complicated but ~optimal way)
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el
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vy from combination of B" - DK™ modes

LHCb-CONF-2012-032

g r n - ! T L L IR BN B B B
) 4 Bl DK GGSZ - C_l) i ' Ch ]
- i — [ LH i
DK GLW/ADS(hh) 0.8 Preliminary —
L T UL PR P W MR, T M B i
- LHCb | | : ]
" i E 0.6 i <>=TLL :
0.6 ki I i
§ 0.4 —
0.4~ i Co08% BN ]
0.2 e 0.2F .
% 20 40 60 8 100 120 140 160 180 oL A

(o]
v [7] 0 20 40 60 80 100 120 140 160 180

v [°]
« Combination includes results from GLW/ADS (hh), GGSZ & ADS (K3m)
« Sensitivity very similar to that achieved by BaBar and Belle

« Also presented combination including inputs from B — D1t

 Includes possible effects due to charm CP violation
m Gershon "' 37
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e VV final state

three helicity amplitudes

— mixture of CP-even and CP-odd
disentangled using angular & time-dependent distributions
- additional sensitivity

many correlated variables

— complicated analysis

» LHCD also uses B - J/Yf (f - ')

- CP eigenstate; simpler analysis
- fewer events; requires input from J/y@ analysis (I', Al')

""" Tim Gershon 38
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CP violation in B_ - J/Qo & J/ymT

—}— data
m T T T T T T T ) " 'F.1 600_ T T T T T T T T T T T LI | T T T T
Q. LHCb Preliminary S19- componen o s LHCb Preliminary
c\! ------- cp-even sig. component ~1400
o — — cp-odd sig. component 2 : .
; 103 ——— s-wave component 51200_ .".
et > -
- ——— bkg. component B
g complete pdf I.u1 000: _ . .
w 800 -
10°F - ]
- 600 3
a00F SIS =
C /// \\\ :
10 200 - N
: -/ N
c o e EET R T EEE—
2 4 6 . 8 -1 0.5 0 0.5 1
Decay time t [ps] cos vy
- AL AL R R . - | — 1 T 1 ]
© 1400 LHCb Preliminary =4 $1400~ LHCb Preliminary -

B i B ]
1200 4 ™1200F + 3
o

% r + + . SO =S S C + ]
Zi1000F H —F ] gto00; LHCb-CONF-2012-002

80F e P I s —0.001 £ 0.101 (stat) % 0.027 (syst) rad,

600 e - 600" ) ) )

: N ] F ', = 0.6580 =+ 0.0054 (stat) £+ 0.0066 (syst) ps—!,
4001~ - ™~ - 400

S N f————- A, = 0116 + 0.018 (stat) + 0.006 (syst) ps—!.
200 -~ N4 200F

[~ N X ]

o e e 0

-1 -0.5 0 0.5 1 -2 0 2

cos 0 ¢ [rad]
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https://cdsweb.cern.ch/record/1423592?ln=en

CP violation in B_ - J/Qo & J/ymT
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Ambiguity resolution

<+—> PRL 108 (2012) 241801
Tagged time-dependent angular analysis of J/@@ with 1/fb <e-» LHCb-CONF-2012-002
Amplitude analysis to determine CP content of J/Ttmt
Tagged time-dependent analysis of J/1tmt

<> PRD 86 (2012) 052006

-y

T
-~
N\
\
\N
N 4
!

N
]

1

1
\

IIII|IIII|IIII|I‘{~|

—p PLB 713 (2012) 378
¢ Standard Model [ ] Do 8fb
— 68% CL ) [] CcOF 10fb™
TTT95%CL [] LHCb 03fb™
[] LHCb 1fb’

w
T
N
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https://cdsweb.cern.ch/record/1423592?ln=en

ATLAS resultson B_ - J/y@

JHEP 12 (2012) 072

p— l L I LI I UL I L - | N
Tm 0.14} & constrained102.95+0.39 rad —gE&LC.L. —
[ Al constranadto =0 ==-ar: CL. i
o - - 95% GL. .
E 012 arLas & Standard Modal ]
s s =7 TeV A = 2|0 |eos(d ) 4
0.1 J Ldt=4.9f" -__'_';',j_'_ -
0.08 .
0.08F >
0.04F o
0.02 ]

- AP i | e ) f
-1.5 -1 05 0 0.5 1 1.5

Jiwe

be = 022 + 0.41 (stat.) £ 0.10 (syst.) rad ¢, [rad]

A, = 00563 £ 0,021 (stat.) £ 0008 (syst.) ps ?\

untagged, hence reduced sensitivity
[y = 0677 + 0.007 (stat.) + 0.004 (syst.) ps &

high statistics measurements with 4.9/fb

Tim Gershon 41
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Semileptonic asymmetries

LHCb

o MAG P
Preliminary

———— LHCb-CONF-2012-002

= MAG DOWN

T T T
_5:_ H H H :_:
10||||
0 2 4 6 8 10

Run Block

a’, = (—0.24 4 0.54 + 0.33)%.

Tim Gershon

Based on B - D pvX with D_— @t

DO inclusive dimuon result 3.90 from SM

PRD 84 (2011) 052007

“'E l | L I L] ] T 'F ¥ L] L] I
T p.02f \‘ E
- LHCh D X |
P R - ReRe o
oF R RNAAT S ———
/ e e
m 5
3 FjiEy! -
- A
-0.02 00 D, X~
=0.04 -
1 g " 1 " | R 'R | L g
-0.04 0.02 0 0.02
ad
\ I

Situation unclear —
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~ improved measurements
* needed
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Semileptonic asymmetries

Latest world average including results -
from BaBar, Belle, DO and LHCb 20.01- [ ] e
< |

.....................................................................

001
-0.02+
N HFAG
0,03 |
| | | } |
-0.02 -0.01 0 0.01 0

Situation unclear —
- improved measurements
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LHCb upgrade

» To fully exploit LHC potential for heavy flavour physics
will require an upgrade to LHCDb

— full readout & trigger at 40 MHz to enable high L running
- “high L” = 10*/cm/s (so independent of machine upgrade)
- planned for 2018 shutdown

» With full software trigger, LHCb upgrade will be a
general purpose detector in the forward region

— physics case extends far beyond flavour physics
- (e.g. search for long-lived exotic particles)

Tim Gershon 45
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The all important trigger

_ LHCDb trigger scheme The LHCDb trigger and its
Challenge is P l l 1 g(grfirznlwfré%%5
. o arXiv: :
* to efficiently select most
Interesting B decays LO — high p_signals in
« while maintaining calorimeters & muon chambers
manageable data rates
Main b_a(_:kgroun_ds _ _ Had. Muon HLT1 —find high p_ tracks;
* “minimum bias” inelastic Alley Alley  associate LO signals with tracks
pp Scattering & displaced vertices
» other charm and beauty 30 kHz Global reconstruction
d € CayS Inclusive selections: . . .
topological, p, p+track, HLT2 —inclusive signatures +
Handles wit, D—X, @ exclusive selections using full

detector information

« high p_signals (muons) S011)
 displaced vertices 4.5 kHz l
(2012) Write to tape
Tim Gershon Limitation is at 1 MHz LO o/p 46
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Need for the LHCb upgrade

higher luminosity — need to cut harder at LO to keep rate at 1 MHz - lower efficiency

Tim_Gershon
Heavy Flavour @ LHC

S

I

g
o
"

mwn

Trigger yield (Arb.unit)

0.5

05 1 15 2 25 3 5
Lummosnty(m’g{:m s 3

Limitation is at 1 MHz LO o/p

We are already
running here
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LHCb detector upgrade

$ilicon Tracker Outer Tracker
$i strips Straw tubes
(replace all) (replace R/O)

Muon MWPC
(almost compatibie)

Alternative option:  ..........

Alternative option: Central Tracker (fibers)

Si pixels ' 3
-m —
Calo
HPDs BTSN  PMTs (reduce PMT ST .-
(replace gain, replace R/O)
HPD & R/O)
' Tim Gershon, =
\/\ Heavy Flavour @ (He | <
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LHCDb upgrade timeline

2011
— Letter of Intent: CERN-LHCC-2011-001
2012

- Framework TDR: CERN-LHCC-2012-007
- See also arXiv:1208.3355 for physics discussion

2013
- Sub-detector TDRs

2018 (LS2)
- Installation of upgraded LHCb detector

Tim Gershon

HeavyFlavour @ LHC
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http://cdsweb.cern.ch/record/1333091?ln=en
https://cdsweb.cern.ch/record/1443882?ln=en
http://arxiv.org/abs/arXiv:1208.3355

Upgrade — expected sensitivities

Type Observable Current LHCbH Upgrade Theory
precision 2018 (50fh~')  uncertainty
B! mixing 243, (BY — Jf o) 0.10 [4] 0.025 0.008 ~0.003
283, (BY = Jip fo(980)) 0.17 [10] 0.045 0.014 ~0.01
Ag(BY) GAx 1077 18] 06 =107 02=x107° 003 =107
Gluonic 23 BY — aa) 0.17 0.03 (.02
pengiin 23 (BY — KK 0.13 0.02 = (.02
23 B = ¢ K4 0.17 [18] 0.30 0.05 0.02
Right-handed 23 (BY — o) 0.09 0.02 < (.01
currents T BY — o) /T 5 % 1% 0.2%
Electroweak  S3(B" — K™t p—:1 < ¢ < 6GeV7/c') 0.08 [11] 0.025 0.008 0.02
pengiin so App( B — Ii Dtp~) 25% [14] 6% 2 % 7%
A Kptp—1 < g < 6GeV ) 0.25 [15] 0.08 0.025 ~ (.02
B(B* — wtptu)/B(BT — Ktutu™) 25 % [16] 8 % 2.5 % ~10%
Higgs B(B" = ptp-) L5x 1072 05 x107 015x10°" 0.3x 1077
penguin B(BY — ptu=)/B(BY — ptp—) ~ 100 % ~ 35 % ~ 5%
Unitarity v (B — DK ~ 10-12° [10, 20] 4° .92 negligible
triangle v (BY = D,K) 11° 2.0° negligible
angles A(BY = J/ KD 0.8 (1] (0.6° (.2° negligible
Charm Ar 2.3 % 1077 [15] 040 = 107 0.07 x 1077
CP violation Adep 21x 1077 0] 065 x 107 012 x 1077

Table 1: Statistical sensitivities of the LHCbh upgrade to key observables. For each observable the current sensitivity is
compared to that which will be achieved by LHCh before the upgrade, and that which will be achieved with 50fb~" by
the upgraded experiment. Systematic uncertainties are expected to be non-negligible for the most precisely measured
quantities.

» sample sizes in most exclusive B and D final states far larger

1 than those collected elsewhere
‘\‘\H‘;{l JW@ tHe < - No serious competition in study of B_ decays and CP violation




The need for more precision

* “Imagine If Fitch and Cronin had stopped at the 1%
level, how much physics would have been missed”

— A.Soni

* “Aspecial search at Dubna was carried out by Okonov
and his group. They did not find a single K" - 1t'me

event among 600 decays into charged particles
(Anikira et al., JETP 1962). At that stage the search
was terminated by the administration of the lab. The
group was unlucky.”

— L.Okun
(remember: B(K' - 1T'T) ~ 2 10°)

Tim Gershon 51
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Summary

Concept of LHCb definitively proved

- Dedicated experiment for heavy flavour physics (forward spectrometer)
at a hadron collider

Many world leading results already with 2011 data

- Important results in heavy flavour physics also from ATLAS and CMS
- Significant increase in available samples with 2012 data

Standard Model still survives

- Not a cause for depression! Now probing regions where “realistic” new
physics effects might appear

LHCDb upgrade to be installed in 2018

- Essential next step forward for flavour physics
- A core component of LHC exploitation

Tim Gershon 52
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