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Ccontents

e Part 1

- Why is flavour physics interesting?
e Part 2

- What do we know from previous experiments?
e Part 3

- What do we hope to learn from current and future
heavy flavour experiments?

Today hope to cover Part 2 & start Part 3

i but let's see how we go
Tim Gershon ( go)
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What do we know about heavy
qguark flavour physics as of today?

" Tim Gershon
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CKM Matrix : parametrizations

 Many different possible choices of 4 parameters
 PDG: 3 mixing angles and 1 phase

PRL 53 (1984) 1802
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« Apparent hierarchy: s, ~02,s _~0.04,s ~0.004

- Wolfenstein parametrization (expansion parameter A ~ sin 6 ~ 0.22)
PRL 51 (1983) 1945

l — 22 A AN (p —in)
| = —A 1 — 1A% AN + O (A
AN {1 —p—in) —AM 1

e Other choices, eg. based on CP violating phases

Tim_Gershon PLB 680 (2009) 328 4
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Hierarchy in quark mixing

1 — 3A° A AN (p — in)
I = —A — 1)2 AN +O (N
AN —p—in) —AMN 1

Very suggestive pattern

No known underlying reason
. B Situation for leptons (vs) is
completely different

T i Gefshon, :
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CKM matrix to O(\°)

Vigw =

/ o tyz Ly A '\
2, ,-

1 1
1 — ;:F - :-.‘*LI + cmi;

31.3[1—[1——?\ o +igl] > — A:F} éfm [1—""[,-:|-I- *-'?J]) 1_L1 :Hj,
L
]

/\ |mag|nary part at O()\4)

imaginary part at O(\°)

Remember — only relative phases are observable

""" Tim Gershon
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Unitarity Tests

 The CKM matrix must be unitary
VgKMVCKM — VCKMVzKM =1

* Provides numerous tests of constraints
between independent observables, such as

2

Vi H| V[ +Ve =1
VudV:b_l_Vch:b_l_thV:I; =0
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CKM Matrix — Magnitudes

semileptonic / leptonic kaon decays PDG 2010

hadronic tau decays _ _ _
superallowed 0" - 0" 3 decays semileptonic / leptonic B decays

N i .

0.97425+0.00022  0.2252+0.0009 (3.89+0.44)x 10"’

0230+0011 1.023£0.036 (40.6+1.3) % 10°°
8.4+0.6) x 1077 (38.7+2.1 x10° 088J_r0.07
semileptonic charm decays \
charm production in neutrino beams semlleptonlc B decays

semileptonic / leptonic charm decays
B, oscillations

single top production
B_oscillations

theory inputs (eg., lattice calculations) required

Tim Gershon 8
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The Unita

rity Triangle

%k X x
ViVt VaVaetVeVy =
imaginary (17 ) . _
4 | Vg Vi, VoV V4V
Cl‘EIIEE— td tlf g =arg |- cd “cb y=arg |- ud u.b
e Elee— | Vud Vb Vid Vin Ved Veb |
. Three complex humbers add to zero T VL,
| = triangle in Argand plane - R, = |ﬁjﬂ'-’ |
......................... ':d ':h {:d |:|:|.
Ry
Axes are p and n where
P+ i = —;‘di}“f
ed Vep
» real (5)

(0,0)

""" Tim Gershon
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Predictive nature of KM mechanism
~ EPJC 41 (2005) 1
In the Standard Model the zsmy '";m TV
KM phase is the sole 5 |
origin of CP violation : sin2p 4
| XX
22

Hence: 05 | ere. . Kisruy R~ /
all measurements must : N/

K'-»n'vy ]

agree on the p_osi.tion c_)f the = ° AT o V) “ el
apex of the Unitarity Triangle | v ‘ .
(lllustration shown assumes no A sz |
experimental or theoretical ; KW
uncertainties) L . !
-2—2 1‘.5 | ‘1 0‘5 (; 0‘5 1‘ H‘ ‘1.‘5 2
P
Tim_Gershon Area of (all of) the Unitarity Triangle(s) is given by the Jarlskog invariant 10
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Time-Dependent CP Violation in the

B°-B° System

« For a B meson known to be 1) B° or 2) B®at time t=0,
then at later time t:

I’(B(;hys—>fcp(t)) oc e [1—(Ssin(Amt)—C cos(Amt)))
I'(B ohys— fep(t)) o _rt(1+(Ssm(Amt) Ccos(Amt)),

V _—
-0 _—
B -

Tim Gershon
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here assume Al negligible — will see full expressions later

23(?\(:19) 1_?\i’P A
= C: ?\CP: g_

1+ ‘?\ép‘ 1+A7, pA

f,f:ngP
For B” » JIW K, S = sin(2B), C=0

NPB 193 (1981) 85
11



Categories of CP violation

» Consider decay of
neutral particle to a CP
eigenstate

L1
Z L L
|Z #1 ation in decay (direct CPV)
3 ﬂz ion in interference
( p A #0 mixing and dec

Tim Gershon
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Asymmetric B factory principle

To measure t require B meson to be moving
- e'e” at threshold with asymmetric collisions (Oddone)
Other possibilities considered

- fixed target production? 0
_. hadron collider? / 0w
- e’e” at high energy? t=|0 tft/y

| | T
electron . | \
(8GeV) | | T
— = -

Dositron?& _—-->W DO _
(3.5GeV) N

AZ~200um

Tim Gershon
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Asymmetric B Factories

PEPII at SLAC KEKB at KEK
0.0 GeV e on3lGeVe' 8.0GeVe on35GeVe’

q‘}'\ TSUKUBA Area (Belle)

¥ | ' 2%
& e %3
& — <

HER LER |

Interaction Region
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A,
PEP-II £
Rings .
. — e —1
P'ns:’n;‘c:ns : E ] w x "
2 | 1 -
Low Energy Ring Sl NIKKO Area S OHO A
—_— L —_—
BABAR Detector = ] o« = o
= T - (TRISTAN Accumulation Ring ) -
o " " Electrons
6’@,9 Electro/n it 0{3 \?;'
High Energy Ring \ °°°°° '
| \ |
st .
| | &)
| | RF LyJl Area &%
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Integrated Luminosity [fb™]

B factories

world record luminosities

As of 2008/04/09 00:00

BaBar

500

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

400

300

200

100—

UL

T

2008/12/23 14.01

_ Offline+Online Luminosity (pb"l) (/day)
Il or resenanc

e, [ offresonance,
T T T T

- T T T T T T
1400 [

1200 |

1000

200 [

600 [ i

20 | |

200 e

Offline+Online Luminosity (pb") (/day)

I/l C..
xi0°
F T T T

9006
2000 |
7000 |
6000 [
5000 F
2000 [
3000 F
2000 [
1000 |

_/ﬁ/;/
w/d

11272001
Belle log total : 895011 pb™

Integrated Luminosity (pb")

1 Il 1
6/26/2009
Date

0 C 1 1 L T L 1 1 1 L 1
4/16/1999 5/21/2004 12/8/2006

ATTIRITIO

rininfo verJ.58 Exp3 Rarl - Exo87 Rundl2s BELLE LEVEL lutast: ibry is not 24 howrs

9 el
M Y

&
S
P Y D)

Tim Gershon
Flavour /Rhysics

\"'--_-""_

~ 433/fb on Y(4S)

~ 711/fb on Y(4S)

Total over 10° BB pairs recorded 15



World record luminosities (2)

103, | | | |
v, - Peak Luminosity trends in last 40 years KEKB
E 10 R Sl o ic
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BaBar Detector

1.5 T solenoid

DIRC (PID)
144 quartz bars
11000 PMs

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

2/6 replaced by LST in 2004
Rest of replacement in 2006

W Ak 1K

EMC
6580 CsI(T1) crystals

Drift Chamber
40 stereo layers

Silicon Vertex Tracker
5 layers, double sided strips

17




Belle Detector

SC solenoid n=1.015~1.030

1.5T
CsI(T]) v
168(0 LlH*:W
TOF counte .

Si vtx. det. ,
- 3 lyr. DSSD K / K, detection
- 4 lyr. since summer 2003 14/15 lyr. RPC+Fe

Tim Gershon
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Results for the golden mode

BY — J/¢KO
BABAR BELLE

@ 4 400} 2
400 B tags 'T;] = 1 g 350} g 250
200 f E 300 @ 200
c 250 S
$ 2 150
o 200 &

goaE S b

ook 3 150 100

RN +o 3 100
:% ok w 3 50 50

04F = 1]3
::3%3_— | ’ ;[ E 0.6
< F 23\ 7] "r}t o Y
g,zooz— , o EL1 f E 0.4
‘élooi— : .'Z? 0.2_ E’-“ 0.2
f-;‘ ? . 1. 0: 0
P T 02
5 oof 41 0.4} } -0.4
E 02f V E -0.6f -0.6}

o 5 5 5 s 6 420 2 4 6 6-4-202 46

tps) At (ps) At (ps)
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Tim Gershon 19

Flavour /Rhysics

S



Everything
IS here

Tim Gershon
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Compilation of results

sin(2p) = sin(2¢,) FEAD

PRELIMINARY
BaBar : : ; 0.69 +0.03 + 0.01
PRD 79 (2009) :072009 ; :
BaBar ¥ P . 0.69+0.52+0.04+0.07
PRD 80 (%boe?‘j 112001 i —
BaBar J/y (hadronic) Ky E 1,56 +0.42 +0.21
PRD 69 (2004) 052001 ] :
Belle 0.67 +0.02 + 0.01
PRL 108 (2::112; 171802
ALEPH : 0.84 152+ 0.16
PLB 492, 259 (2000)
OPAL : 3.20 500+ 0.50,
EPJ C5. 379 (1998)
CDF - 0.79 ‘o4
PRD 61, D?ED&S (2000)
LHCb 0.53 *535 + 0.05
LHCb-CONF- 2@11 -004 , :
Belle5S i H . . 0.57 +0.58 + 0.06
PRL 108 (2012) 171801 ! !
Average | | 0.68 +0.02
HFAG : - :
-2 -1 0 1 2 3

20



Compilation of results
sin(2p) =sin(2¢,) e

Y K_

YK,

W(2S) K,

Xcl KS

Tim Gershon
Flavour Rhysics
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PRELIMINARY
Average = - 0.679 £0.020
HFAG ,

CUBABAR T e T T T es T Y0636 £ 0,018
PRD 79 (2009) 072009 :

Belle 0.670 £ 0.029 + 0.013
PRL 108 (2012) 171802 ,
Average 0.665 + 0.024
HFAG 5 ;

“BaBar i ] 0.694+0.0614£0.031

PRD 79 (2009) 072009 " :
Belle T 0.642 + 0.047 £ 0.021
PRL 108 (2012) 171802 "™ :
Average ? 0.663 £ 0.041
HF.E'-.G':“:1 '_*_ _ :

“BaBar T T ",,'é'ﬂ'.ﬁé'?}'o'.'1'{}'@'1'5.{3'3’5"
PRD 79 (2009) 072009 " H
Belle + . 0.73B + 0.079 +0.036
PRL 108 (2012) 171802 - ;
Average * 0.807 £ 0.067
HFAG -

“BaBar T T 0614 £0.160 + 0.040
PRD 79 (2009) t72008 ™
Belle n.mtn.n?in.mn
PRL 108 (2012) 1?18.‘[12—"f—é — ,
Average : 0.632 £ 0.099
HFAG ° * ;

BaBar "'ﬂﬁé’z’ﬁ"ﬁ'@r’. 160+ 0.057
PRD 79 {EDDQ]I 072009 ; -
BaBar 0,601 + 0.239 + 0.087
PRD ?9'12009)‘072%9—*. . : AR :

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

21



Measurement of a

- Similar analysis using b - uud decays (e.g. B’ - 1'1T)
probes —([3+y) = a

- but b - duu penguin transitions contribute to same final
states = “penguin pollution”

- C #0 < direct CP violation can occur
- S#+n_, sin(20)

 Two approaches (optimal approach combines both)

- try to use modes with small penguin contribution

— correct for penguin effect (isospin analysis)
PRL 65 (1990) 3381

Tim Gershon 22
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Experimental Situation

P* P Scp vs Cep E

PRELIMINARY

+ -
T T SCvaC

CP Moriond 2012
CCF’ PRELIMINARY
I T
e Ao - BaBar -
77 Belle
| LHCD :

large CP violation
large penguin effect

“7 Average |

-0.8

-0.6

-0.4

|
-0.2 0

Contours give -2A(In L) = Ax® =1, corresponding to 80.7% CL for 2 dof

Tim Gershon
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CP

Cep

04

0.2

T T T T T
.  BaBar

| Belle

2 Average

small CP violation
small penguin effect

-0.4 -0.2 0 0.2 0.4

Contours give -2A(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dot

Improved measurements needed!

CP

23



Measurement of a

m --+ B — nn/pp/pr (BABAR)

fitter

Moriond 09 =TT B — TCTC/pp/pTC (Be”e)
3 B — na/pp/pn (WA)

L L I I LN LN L DL LA LN LN

— +4.4 o T
a=(89.0",)° }

0.8
- CKM fit
o 06 [ . .
O B no o meas. in the fit
T 04

20 40 60

Tim Gershon
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World average based on

R side from B’-B” mixing

many measurements

0.5

0.4

0.3

0.2

0.1

0

-0.1

(OF-SF)/(OF +SF)

-0.2

-0.3

-0.4

-0.5

0]

2

10 12 14

6 8
|At](ps)

Am_ =(0.511 + 0.005 £ 0.006) ps*

PRD 71, 072003 (2005)

|th/Vts

Tim Gershon
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P
* + D y
R = th th & Ma _ ?”'f‘_,. jf’*_ b E, Kd |
t * o 2N 2
Vcd Vcb ‘ﬂm'er ”"E__. jf‘__. B B II/”
CDF Run Il Preliminary L=1.0fb"
P(AY) = (1tcos(AmA)e’/2T =30 — combined
8) —— hadronic
:] 20 — semileptonic

19 20

Am, [ps’]
Am_=(17.77 £0.10 £ 0.07) ps*

—
Cnlllllllllll
—
(o))
N
~J
—
o

PRL 97, 242003 (20006)

0.211+0.001+0.005
: :

experimental theoretical
uncertainty  uncertainty

25



A
* “ 7 V)
_ | VuVe| o Amy _ M fn By |V
World average based on t V.V, Am m, [’ F) v, :
many measurements B.JE Dn |Mts
o = 0.4
0.4 P(At) = (1iCOS(AmAt))e-|N|/2T E LHCb preliminary
03 < {s=7TeV, 340 pb ' OST+SSKT
| 0.2
. 0.2
% 0.1
> o 0|
@ i
L(!_)l_ -0.1
T 02 -0.21- _+_
-0.3 s
-0.4 -0. - . L —
05 | 40 0.1 0.2 0.3
ST Claes t modulo (21 / Amg) [ ps ]
Am, =(0.511 £ 0.005 + 0.006) ps™ Am_= (17.725 + 0.041 + 0.026) ps"
PRD 71, 072003 (2005) LHCb-CONF-2011-050
ValVi| = 0.211+£0.001+0.005
Tim Gershon A A

R side from B’-B” mixing

Flavour /Rhysics
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experimental theoretical
uncertainty  uncertainty
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R side from semileptonic decays

Parton level 2
_ Vud Vub W v
- b

Vcdvcb IZ{?,KN

u,c

* Approaches:

- exclusive semileptonic B decays, eg. B -~ me*v
 require knowledge of form factors
— can be calculated in lattice QCD at kinematical limit

- inclusive semileptonic B decays, eg. B - X e" Vv

e clean theory, based on Operator Product Expansion

« experimentally challenging:
* need to reject b - ¢ background
Tim Gershon,  « cuts re-introduce theoretical uncertainties 27
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|V | from exclusive semileptonic decays

Current best measurements use B° - 1t ' v

BaBar experiment
PRD 83 (2011) 052011
PRD 83 (2011) 032007

s
ﬁ§1ﬁ'
w -
o 14f —
;’ E BO — TT |V
w12
3
&~ 10 3
=
@ 8 =7 e LGSR
E T s FNAL/MILC %'
y — — HPQCD %
a1 —— BGL fitto data \
; BKfittodata  \i
_ : * data
b5 1o 15 20 25
Unfolded ¢ (GeV?)
. -3
V.| = (3.09+0.08+0.12(;3,)x 10
Tim Gershon _ _
/~Flavour Physics lattice uncertainty

N

Belle experiment
PRD 83 (2011) 071101(R)

« M.
220 E
& 480, 3
o - ]
=16 —
Y F .
& 14 -]
=] r N
1205 =
10 —
8 -
6F -
af ~FMAL i
- -LCSR
2 epaa i
1 L I B A A B R | I il el
00 5 10 15 20 25

Unfolded g° (GeV?/c?)

(3.43+£0.33)x10"°

“/ub

28



|V | from inclusive semileptonic decays

- Main difficulty to measure inclusive B - X 1" v

- background fromB - X_I"v

* Approaches

- cuton E (lepton endpoint), g° (Iv invariant mass squared),
M(X ), or some combination thereof

10°

* Example: endpoint analysis

non BB background subtracted

=

Nbmber of Eledtrons / (50 MeV/c)
2
= o o

X, I v background subtracted

=

Tim Gershon

Flavour/Physics 1] EII-S 1.9M 23 E.TG xf,f-l s
I ectron Momentum (GeV/c)



|V _[inclusive - compilation

Different theoretical approaches (2 of 4 used by HFAG)

CLEO (E)

3.83 £0.45+0.32-033 —_——

BELLE sim. ann. (my, (f‘ ) E

423 £045+0.29-0.30 e

BELLE (E,)

464 £043+0.29-0.31 =

BABAR (E,) :

418 £0.24+0.29 - 0.31 ——

BABAR (E,, {*) 5

428 £0.29+0.36 - 0.37 —

BELLE (m.)

390 +0.26+024-026 .

BABAR (my) E

402 £0194+027-0.29 ———

BABAR (mx-qj) E

432 £0.28+0.29 - 0.31 "

BABAR (P")

3.65 £0.24+0.25-0.27 —

Average +/- exp + theory - theo :

N %

¥/dof = 13.9/ 5 (CL = 9.00 %) :

P R b T P i HFAG
L : [ winteros|

CLEO (E.)

358 +042+028-025
BELLE sim. ann. (m, qz)
420 £044+023-018
BELLE (E,)

456 £042+028-024
BABAR (E,)

406 £027+027-0.26
BABAR (E,, §%)

404 £027+0.28-030
BELLE my

403 £027+026-020
BABAR m,,
423£0204+021-016
BABAR 111:{-cf

426 £028+023-0.19
BABAR P’
370£024+031-024
Average +/- exp + theory - theory
425 +£015+021-0.17
1hdof=7.1/ 8 (CL = 52.00 %)
Andersen and Gardi (DGE)

JHEP 0601:097,2008
E. Gardi arXiv0806.4524

——{—

2

Tim Gershon
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_36
|Vub| [x 1077]

2

A4

ub‘

.‘ WinterQ2 \
6

[x 107]
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|V [ average

» Averages on [V | from both exclusive and inclusive
approaches
— exclusive: |V |=(3.23+0.31)x10°°

ub

— inclusive: |V |=(4.41+0.22)x107°

ub

- slight tension between these results
- In both cases theoretical errors are dominant
* but some “theory” errors can be improved with more data

- PDG2012 does naive average rescaling due to
Inconsistency to obtain |V _|=(4.15 £ 0.49) x 10°°

Tim Gershon
Flavour /Rhysics

S

31



Partial summary

“ ub/L cb
1L 1
0.5 0.5
ol of | |
0.5/ 0.5
-1- 1
Uit
...............................................
- 05 0 05 T 1 05 0 0.5 T
p p

f=n F 0Ty,
0 = 0.132+0.020  osf Consistent with Standard Model fit
n = 0.358+0.012 : * some “tensions”
Still plenty of room for new physics
0.5
im Gershon. 32
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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
lim.Gerston from Val Gibson HCPSS 2009

Flavour /Rhysics
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Geometry

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

directions =
b
 LHCD is a forward spectrometer b > H

The LHCb Detector ;
JINST 3 (2008) S08005 /" /

T3
- T2
— T1
RI =

Magnet RICH2 M) M2 _ g _,:__.,

/ \
EcaL HEAL M4 M3 \
/ SPD/PS % : ==
1

""" Tim Gershon ‘ : y
Flavour Rhysics
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LHCDb detector features

Tracking and calorimetry
- basic essentials of any collider experiment!
— muon Chambers \E:_(MResolutionVs 1.’pT|

EVs=7TeV

° VELO :Z —e— 2011 Data

—— Simulation

70F

- reconstruct displaced vertices
e RICH \1402_

- particle ID (K/1t separation) 2011 Bataro = 132+ 77 um

\ 10%...‘|.‘..\.@.matmn.c‘j.?‘l‘z.i.-z"np pm

o Trl g g er \\ % 0.5 1 15 2 ”p (c/Gev
— fast and efficient P

LHCb data RICH 1 LHCb data
(preliminary) (preliminary)

; - Kaon ring . Kaon ring . .
Pion ring . P‘/ 3 '--_ o W o*

- & o

Tim Gershon
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Delivered integrated luminosity (fb™")

LHC performance 2011

6 LHC 2011 RUN (3.5 TeV/beam) 20 LHC 2011 RUN (3.5 TeV/beam)
T T T T T T T T T T T T T T T T
—o— ATLAS 5.626 fb™’ . @ AILAS
—A— CMS 5,714 fb™! 35 & M5
eh LHCbh 1.217 fb~! i T O LHCD
—- ' T O ALICE
—o— ALICE 4.877 pb™! rl.”’ 30 HPRELIMINARY
4 | |PRELIMINARY | E
o 251
L m
3t : > 20} " :
‘w
(]
c
?| 15
v
]
i
1F i oo
0 Lo i Sam (i el I — P —— . = il Pty T T e ar
Mar Apr May Jun Jul Aug Sep Oct Mar Apr May Jun Jul Aug Sep Oct
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Fill: 2178 E: 3500 GeV 03-10-2011 01:38:33

Intensity

Energy (Gevd
Luminosity / 1e30 cm-25-1

0= T I 2 T T
| 1<4:010 16:00 1B:00 20:00 2200

1 1 T T | T
14:00 1600 1800 20:00 2200 0000 — ATIAS — AUCE — CNS — LHB

Comments 03-10-2011 01:37:51 : BIS status and S5MP flags
Link Status of Beam Permits

«#+ STABLE BEAMS *** Global Beam Permit
Setup Beam

. . Beam Presence
I CONGRATULATIONS TO LHCB ! Moveable Devices Allowed In

I FOR THEIR 1ST 1.00/fb 111 Stable Beams
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2011 data taking

i 1. | R e e e ammvrvoven vovsryryrsysrrryrrreysyeyes T TP TPTE . ST—— |
E [ [ FuLLY ON: 90.7 (%) e  Delivered Lumi: 1.2195 /fb
2 1 |[Envosew
E " |[__] VELO safety: 0.9 (%) . Recorded Lumi: 1.1067 /fb
I= | [ DAQ: 4.0 (%)
E 1.4 I - DeadTime: 3.8 (‘yo) ........................................................................................
J .
E% 1.2 —
E 15 1.1/fb On tape ..................................................................
oals. Average #nteractionsivisible event (p) ~1.5 g ¥ .
'k c.f. design value ~ 0.4; 2010 data taking up to 2.5 i
P S S N S L s A S
n_q_ :_ ......................................................................................................................................................................
0.2 — ... o S e 5 .
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ﬂ L, | | | | | | | | | | | | | | | | I. L 1 1

| | ] ] L
1700 1800 1900 2000 2100 2200
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2011 data reprocessing

Running reprocessing jobs, by site

20,000

15,000

jobs

5,000

Tim Gershon
Flavour /Rhysics

\"-l-_-"'

10,000

Start October

EEOEEOEEN

2011-10-01 2011-10-15

8 Weeks from Week 38 of 2011 to Week 47 of 2011
T T T T T T

2011-10-08
LCG.IN2P3.fr 17.1%
LCG.GRIDKA de 15.4%
LCG.CNAF.it 11.7%
LCG.RAL uk 9.2%
LCG_MIKHEF.nl 71.5%
LCG.SARA Nl 6.8%
LCG.PIC.es 5.3%
LCG.Manchester uk 4.8%

LCG UKI-LT2-0MUL uk 29%

2011 data reprocessing completed in 8 weeks

ENDEEECOOMN

2011-10-22

2011-10-

29  2011-11-05 2011-11-12 2011-11-19

Max: 19,413, Average: 5,030

LCG Krakow.pl
LG CNAF-TZ2.it
LCG.CERM.ch
LCG.IM2P3-T2 fr
LCG Pisa.it
LCG.LAPPfr
DIRAC YANDEX.ru
LCG.Liverpool.uk
LCG.LAL fr

29%
2.2%
2.1%
1.7%
1.7%
13%
11%
1.0%
0.8%

... plus & more

End November

0O LCG.USC.es 0.7%
0 LCG.SINPru 0.7%
B LCG.Barcelona.es 0.6%
O LCG.Legnaro.it 0.5%
B LCG.CPPM.fr 0.5%
B LG GLASGOW. uk 0.4%
B LCG.LPC.fr 0.4%
O LCG JINR.ru 0.3%

Generated on 2011-11-25 07:46:26 UTC
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2012 data taking

LHCb Integrated Luminosity at 4 TeV in 2012

1R800 ——— S s s Frrr e |
Integrated LHCDb Efficiency breakdown in 2012 * DEIiverEd Lumi: 1212.62 .’ph
16‘][} .......
[ FULLY ON: 94.3 (%) * Recorded Lumi: 1144.08 /pb
[ HV:0.2 (%) :

[ ] VELO Safety: 0.9 (%)
B DAQ: 2.5 (%)
Il DeadTime: 2.1 (%)

—
-
[ ]
=

—_
[sJ
=
=

Integrated Luminosity (1/pb}
=
8

S
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Heavy flavour production @ LHCD

“Prompt charm production in pp “Measurement of J/Y production in
collisions at Vs = 7 TeV” pp collisions at Vs = 7 TeV”
LHCb-CONF-2010-013 Eur. Phys J C 71 (2011) 1645

D +C.C. cross sectlon = ]
£ T RCoNR T T RN T ] = ;:EF brompt 1y, \E=T TeV LHCb_-

0 EDyES i 2.5:).*:3.01 ___O\,__-, ; —'—::=!.= %

= N —i .

W0 Ao AR e S[P. F D 3

e " LHCb\s=7 'Il'e\.r'_i " LHCbN's=7 TeV ] B ST = 7

§ 3.D<y<3.5; 3.5<y<4.0 o IOE_ A 20<y <25 o :v:feff!:__ —§1

e LHCb Praliminay IF _e oo Protminay F m25<y<30 N ot == ]

1 | ——Pymltrcoune) [ e we | e 30<y<35 ]

10! ',ﬁ,",’"?,"l‘?';. ,,,,,,,,,,,, L L3 ',_,T,","?“’I‘?';. ,,,,,,,,,,,,,,,,, Ll k ; v 35<y <40 ;

107 —_ LﬁCb‘\'IEq"rev ;0 r2z 3 45 pd[GgV/cf C 0 40<y <45 ]

10 1 mrlollll ....10....15

] maidmaid "Measurement of o(pp - be) at Vs =7 TeV in the forward region”  p,[Gevic

1t B Physics Letters B 694 (2010) 209

o ! 2 3 4 5 6 7 &8 50
pT[GeVa"c]
== MCFM
40+
— FONLL
do 30
dn
(ub) 20
10} e
Tim Gershon LHCb 41
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What does [Ldt = 1/fb mean?

Measured cross-section, in LHCb acceptance
a(pp - bbX) = (75.3 + 5.4 + 13.0) pb
PLB 694 (2010) 209

So, number of bb pairs produced
10" x 75.3 10° ~ 10"

Compare to combined data sample of e’e™ “B
factories” BaBar and Belle of ~ 10° BB pairs

for any channel where the (trigger, reconstruction, stripping, offline)
efficiency is not too small, LHCb has world's largest data sample

* p.s.: for charm, o(pp —ccX) =(6.10 £ 0.93) mb
LHCb-CONF-2010-013

Tim Gershon 42
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The all important trigger

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

LHCb trigger scheme

40 MHz l l l

LO — high p_signals in
calorimeters & muon chambers

1 MHz
1 1 H!_Tl — associgte LO signals
Alley Alley  Alley with tracks & displaced vertices
30 kHz Global reconstruction
tuziﬁziﬁﬁtih HLT2 — inclusive signatures +

u, D—X, @ exclusive selections using full

detector information
2 kHz l

Write to tape

Tim Gershon
Flavour /Rhysics

Increased up to 3 kHz in 2011 & 4.5 kHz in 2012 .
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Spectroscopy

 |'ve talked about the headline items of flavour physics
- CP violation, searches for new physics
- what we tell the funding agencies, and the press

* But, much of the physics performed by flavour experiments
IS the study of properties of hadronic states
- lifetimes, masses, decay channels, quantum numbers
- and the discoveries of new ones

1) Observation of a narrow meson decaying to D4(s) pi0 at a mass of 2.32-GeVic**2. Observation of a narrow charmonium - like state in exclusive B+- ---> K+- pi+ pi- J/ psi decays.

By BABAR Collaboration (Bernard Aubert et &), SLAC-PUB-9711, BABAR-PUB-03-011, Apr 2003, 7pp. By Belle Collaboration (S.K. Chai etal). Sep 2003. 10pp.

Press Release from SLAC. Press release.

Published in Phys.Rev.Lett.90:242001,2003. Published in Phys. Rev.Lett.91:262001,2003.

e-Print: hep-ex/0304021 e-Print: hep-ex/0309032

TOPCITE=500+ TORPCITE=500+
References | LaTex{ls) | LaTexX(EU) | Harvmac | BibTeX | Kevwords | Cited 521 times References | LaTeX{US) | LaTeX(EW) | Harvmac | BibTeX | Keywords | Cited 514 times
Abstract and Postscript and POF from arXiv.org (mirrors: au bren de es frilin it jp krru fw uk za aps lanl ) Abstract and Postscript and POF frommg m: aubren deesfrilin it jp kr ru fw uk za aps lanl )
Journal Sewr [.dcli:llj' LLI:IS';PI-NERE“LEH'90242':“]LI Journal Server [dDiZl'].ll':lS."FT‘.-‘EREULE[[.EI J..2|32':|':|J.] - - - == -7 - -
BaBar Publications Database pdgLive (measurements quated by POG)
EaBar Password Protected Publications Database Press Release about this paper
CERN Library Record EXP KEK-BF-BELLE

pdglive (measurements quoted by POG)
Press Release about this paper

SLAC Document Serwer

EXP SLAC-PEPZ2-BABAR

Bookmarkable link to this infarmation

Bookmagkable link to this infarmation

Most highly cited papers from BaBar and Belle

Tim Gershon 44
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Discovery of the lightest bb state — 2008

T (35)

|Ed Selected for a Viewpoint in Physics e ity "
PRL 101, 071801 {2008} PHYSICAL REVIEW LETTERS 5 ek endig M35) .
) '
Ohbservation of the Bottomonium Ground State in the Decay Y (385)— 3, hadgpns
B. Avbert.' M. Bona,' Y. 1 |sstrnn|:| I. Garra Tico.*
! The BaBar Collaboration it s weeeee... 1
ny25)
= [l '
*Only recoll y is reconstructed .
[
"

m(n,(1S)) = (9388.9 *>,+2.7)MeV/c’

m(Y (1S))—m(n,(1S)) = (71.4 55 +2. 7)MeV/c

T (25)

hadrons

hadrons

B(Y(3S)—yn,(1S)) = (4.8+0.5+1.2)x10°*

% X103| %Sm_
3 S
: e—- 2 00—
; subtract 3 s
E smoothly £

: : varying

35 B Y R ¥ S T T 11 baCkground

. ) . . . EY(GeV)‘ -2000

Tim Gershon
Flavour Rhysics
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o 8
_I % T T I_
- —‘2#— :

_55 i
= :
20

05 06

1.1

E, (GeV) 45

N " Signal confirmed in Y(2S) transitions by BaBar, and by CLEO



\

Why wasn't the n _discovered at a

hadronic experiment?
Remember: Y(1S) discovered at FNAL in 1977

PRL 39 (1977) 252

- fixed target experiment: p on Be
n, Is lighter

Hadron collisions produce all types of b hadrons

So why couldn't the n_be discovered, e.g., at the
Tevatron?

Tim Gershon 46
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Why wasn't the n _discovered at a

hadronic experiment?
Remember: Y(1S) discovered at FNAL in 1977

PRL 39 (1977) 252

- fixed target experiment: p on Be

n, Is lighter

Hadron collisions produce all types of b hadrons

So why couldn't the n_be discovered, e.g., at the
Tevatron?

It's all about the trigger!

- need clean signature for trigger and reconstruction
- CDF search used n_ - J/YJ/y decay, with predicted BF ~ O!

Tim Gershon CDF note 8448 47
! Flavour /Rhysics
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Digression on a digression:
The “Oops Leon”

Observation of High-Mass Dilepton Pairs in Hadron Collisions at 400 GeV

D, C, Hom, L. M. Ledsrmuan, H. T FPaap, TL T Snder, T M Welss, and J0 K Yoh
Cofwieblo Dndversily, Moy Fork, New Foek [O027

o PRL 36 (1976) 1236

J. A Appel, B, C. Trawn, O N, Tirown, W, H, Inoes, and T, Vamanoueh]
Forsd Naflongl Aecelermior Lahapatoys, Botowly, Finolz 6G5TAT

and

., M, Kaplan
Slee Unfrewsily of Xew Yovk of Slony theook, Sty Svoct, Neig Vork 11730
(Recuelved @8 facnary 14978]

Wi copart preliminaey vesuits on he production of slactron-position paits in the massg
range 2.5 tn 23 Ga¥ In A00-Ge¥ p-Re intsractions, 27 high-owes cveols are obecedod
the mpss Tange 5.3—100 Oe¥ corresponding tw o={(7 .21 0,5 %107 ¥ pm® per suclens, Clus-
taring of 1Y ol thess avenbs beveocen 503 aod 6.8 oY suggests thar the daca cendaln a new

roqonAanee un G Lo,

i i
3£ r :| - | L | -
' |-f51.f1.‘.‘\ . | .I-'J'_ IJ )
Homework exercise: A R s !
= L La 1 ==
1. Read this paper o 1ar R L ] || [11r lil ey
- " ” o o o1 0 FI TR T ¥
. Do you find the “discovery” convincing? | Z =7 | |L|
3. Explain what's wrong P AT - vm s -
: ] I
el 5 L H' H |IJ| ..-L—a—‘.‘f._k_
1 & et T F
gt -'.':JE:'-II:'
| t FEi. 2. YEleetros-wosiliob migss guocLiln: deddm
T::T;vgre ;rls)/gg)sn por nueloon versis e effeclive mags, A liear A Ge-

NG petdenaa 1s assumed, Nate bin-wicth changas.



More new particles

ATLAS arXiv:1112.5154

5 F amas o 3 CMS arXiv:1204.5955
= cof _[Ldt=4.4 ']
8 il e ba _ > 167

50 — ] - CM
é 4DE_ Unconverted Photons }l ]‘ :ﬂmmm 3 E 14 o Ep, S\E =7 TeV e Opposite-sign data
gﬁ BDT— },H .'I '. } _; CT} - L=5.3 b ——— Signal+background fit
= - [TA * * Y . Q 12 B T Background
= 20 \ . w

10 x'* W """ W( M T 0L ©®)

M L 5 10F H
D I Y YN [N TN TN NN T ST S AN Y SO SO S T A -D =
9.6 9.8 100 102 104 106 108 c - — *O
Xb(3 P) miy) - mu') « m [GeV] 3 Sl =
wd
éﬂ 200 Iﬂlnl-ﬂlsl - q: IIJEﬂa:l'[1I5:‘|: ;IFnlnlr[;s::f o :_
Q180 det=4_4 i E Dat: T(25)y —— Fit to T(25) 4 i
,_é 180 || || zac:mdz10 l';z:‘f : ‘ ‘
ackground to T(25)y
w 140 XX XX X s
%j 120 /> | ﬁ'l Converted Photons NI ANIN Saat l
L S A % & S A R
z oo o LA 0 10 20 30 40 50
/ TP = =

w0 :,...---}H*Tf* phie. MJAWE 1Y) - MJWE) - M(x) [MeV]

20 ¥ )

0 - W

56 908 100 02 104 j08 i08
M wy) - mu'w)+m_  [GeV]
Tim Gershon
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The smoking gun exotic hadron:

A charged charmonium-like state
B° .. Z(4430) K", Z(4430) - W'TT

Belle PRL 100 (2008) 142001 BABAR PRD 79 (2009) 112001

30

- B':"’—:, w2SITK™ (b)

[ K wvetwn

nts/10 MeVie®

N
o
Eve

Events/0.01 GeV

10

-1 0 : ]
X 4.05 43 455 a8 13 1 5. () S R R S
M(x'y') (GeV) My, (GeV/er) My, 56, (GeV/CT)
Clear peak Data consistent with K1t reflections
Still there in more detailed analysis Slight peak but no evidence for new state
PRD 80 (2009) 031104 But also consistent with Belle

Need more experimental input
Tim_Gershon (CDF, DO, ATLAS, CMS or LHCb) 50
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Charged bottomonium-like states

Belle

PRL 108 (2012) 122001

12[)0{]{

Events / 10 MeV/ic®

e D (LS)TT

(a

6000F
4000} .
Hn l-].ﬂ'}, ﬂ'
-EDDUiTH":l “ T-l. 1, | '
10.4 105 106 10.7
M, .. (), GeVic?

%wmnf (b)
= 1500

215 h (2S)TT
= 10000}
7500

;

106

10.7

M, ..(m), GeVic®

Final state

T{1S)x w T(28 )7 7w

T(35) 7 = hp( 1P )7 "

hyl2P)7 " w

M [Z,(10610)], MeV /e

0611 £4 3 MWe09+2+3

0G0s £2 +£4 LGOS + 27

105007575

3

L
['[Z,(10610)], MeV 223 £7.7750 242+ 31720 176 +£3.0+£3.0 114750 13 F2048
M[Zy(10650)], MeV/e? 10657 +6+3 10651+ 243 10652+1+2 10664+37% 106517573
['[Z, (10650)], MeV 16.3 £9.8750  13.3+33700 84+20+20 2097512 19+77H
Rel. normalization 057 £0.2070 0 0.86 £ 0117000 0.6 0147008 130+ 037700 167050
Rel. phase, degrees 58 4373 134137 —o+1973 | I Il r i PN

Tim Gershon
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(Events/5 MeV/c?) (Bvents/10 MeV,/c?)

(Bvents/4 MeV/co?)

L R AR R MR RARE LS ML
{a) :I

o[ Y(lS)T[
FRE LJM
20 '+-
fo1 02 103 104 105 106 h}} T
‘ M{¥(18)7) . (GeV/c?)
m? "{::']' N
o . Y(2S)m
of | | T ]
: + ” ]
o | nﬁ
'%nl?rﬁa.' 105 1055 106 1065 16.%“1'::::5
MY (28) 7)) gy, (GeV/ic?)
. Y(3S)m
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