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Ccontents

* Yesterday

- Definitions of “flavour physics” and “the LHC era”
- Why is flavour physics interesting?
- What do we know about it as of today?

 Today

- What do we hope to learn from current and future
heavy flavour experiments?
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Summary from yesterday
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Topics to cover today

Flavour physics at hadron colliders (mainly LHCDb)

More on CP violation

- The third Unitarity Triangle angle: y
- Tree-dominated decays vs. loop-dominated decays
- CP violating phase in B ” oscillations

- CP violating phase in D° oscillations
Rare decays

- B -y, B- Ky, B - gy, K - 1w

Future experiments
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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
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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 ;
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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
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— fast and efficient P

LHCb data RICH 1 LHCb data
(preliminary) (preliminary)
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Delivered integrated luminosity (fb™")

LHC performance 2011
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Fill: 2178 E: 3500 GeV 03-10-2011 01:38:33

Intensity
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2011 data taking
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2011 data reprocessing

Running reprocessing jobs, by site

20,000

15,000

jobs

5,000
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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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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
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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 13
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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

Tim Gershon
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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
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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 15
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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
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1.1

E, (GeV) 16

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 17
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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 18
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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]
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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) 21
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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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L R AR R MR RARE LS ML
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fo1 02 103 104 105 106 h}} T
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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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OK, back to weak physics

Tim Gershon
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Direct CP violation

» Condition for DCPV: |A/A|Z1

+ Need A and A to consist of (at least) two parts
- with different weak () and strong (0) phases

» Often realised by “tree” and “penguin” diagrams
A = |T|ei(6r—¢r)+|P|ei(6P—¢p) A = |T|ei(6f+c|>r)+|P|ei(6p+d>p)
_|Af-|a] 2| T||P|sin(8,—5,)sin(¢p,—,)
|AF+AF TP +[PF+2 |T]|Plcos(5,—8,)cos (b, —b,)

ACP

() (b) w

Example: B - Kt
(weak phase difference is y)

Tim Gershon

Flavour /Rhysics Feynman tree (a) and penguin (b) diagrams for the Bg — K7~ decay
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The famous penguin story

Penguin diagram
From Wikipedia, the free encyclopedia

In quantum field theory, penguin diagrams are a class of Feynman diadrams which are important for understanding CF viclating prozesses in the standard modeal.

They were first isolated and studied by Mikhail Shifman, Arkady Vainshtein, and Valentin Zal-.lmn:r-.'.lll The processes which they describe weare first directly chserved in
12971 and 1984 by the CLED collaboration.

Ongin of the name [dit]

John Ellis was the first to refer to a certain class of Feynman diagrams as pengmin diagrams, dus in part to their >
shap=, and in part to a legendary bar-room bet with Melissa Franklin, According to John EIIis.:lEI S L A =

Mary K. [Gaillard ], Dimitri [Nanopoulos]and | first got interested in what are now called
penguin diagrams while we were studying CF violation in the Standard Model in 1976, The
pEnguin names came in 1977, as follows.

In the spring of 1977, Mike Chanowitz, Mary K and | wrote a paper on GUTs predicting the b
quark mass before it was found. When it was found a few wesks later, Mary K, Dimitri, Sarge
Rudaz and | immediately started working on its phenomenology. That summer, thers was a
student at CERM, Melissa Franklin who is now an experimentalist at Harvard . One evening,
she, |, and Sarge went to a pub, and she and | started a game of darts. We made a bat that if |
lost | had to put the word penguin into my next papsr. She actually left the darts game before
the end, and was replaced by Serge, who beat me. Nevertheless, | felt obligated to carry out the
conditions of the bet.

For some time, it was not clear to me how to get the word into this b quark papar that we were
writing at the time. Then, one evening, after working at CERM, | stoppsd on my way back to my
apartment to visit some friends living in Mevrin where | smoked some illegal substance.
Later, when | got back to my apartment and continued working on our paper, | had a sudden

flash that the famous diagrams ook like penguins. 5o we put the name into our papsr, and "-'il,..,g )

the rest, as they say, is history. Example of a perguin diagram )

Tim Gershon
Heavy Flavour Physics
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The famous penguin story

Penguin diagram
From Wikipedia, the free encyclopedia

In quantum field theory, penguin diagrams are a class of Feynman diadrams which are important for understanding CF viclating prozesses in the standard modeal.

They were first isolated and studisd by describe were first directly chserved in

1291 and 1944 by the CLEC collaboratidg

Ongin of the name [dit]
lohn Ellis was the first to refer toa cs

shap=, and in part to a legendary bar-rod

Mary K. [Gaillard ], Dimitri |
penguin diagrams while
pEnguin nams came in 159

In the spring of 1977, Mil
quark mass before it was
Rudaz and | immediately s
student at CEREN, Melissa
she, |, and Serge went toa
lost | had to put the word p
the end, and was replacsd
conditions of the bet.

For some time, it was not r

writing at the time. Then, one evening, after working at CERM, | stoppsd on my way back to my
apartment to visit some friends living in Mevrin where | smoked some illegal substance.
Later, when | got back to my apartment and continued working on our paper, | had a sudden

flash that the famous diagrams ook like penguins. 5o we put the name into our papsr, and e i,ﬂa-'
the rest, as they say, is history. Example of & parguin diagam L)

Tim Gershon
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Direct CP asymmetries in charmless hadronic B decays

Acp Acp
—— e K07t % K Jo(1500) K
e 7
- e K¢
—— g0 B Y
—— CLEO for 0 P HFAG [ [o(980) K0
—— Belle v Dec 2011 —
—— BABAR _ HFAG oK™ Jo(980) K** HFAG
CDF
LHCb o DeC 2011 — (”'\-'[T“ ]:ﬂ]]-f— ‘JI\J(S}H]) Kt DeC 2011
— New Avg. —— CLEO cE 490 14307
_ KOt —— Belle HKE(1430) | wK3(1430)
A K(1270)* 1KC3(1430)°
e 0 . - (223810 14 Wity .
&+ K e New Avg S g— CLEO ‘r (=)|=
AT pK3(1430)* —— Belle wK(1430;
. KK pe——— RN R
—— BABAR
T (1430)°7° o K3(1430)° wk(1450)°
= [0 (1430)"7 —t ¢F3(1430) —— New Avg. =t Wiy
d Ko 130) 7+ == PK™ Wkt
e G (1430) —— i K3 (1430) —_— WK™
— K3(1430)°7 e K(1430)° wkt
K+nto —_— i K (1430)* i Kt
Knta~ o 1 K5 (1430) g N\ p°
Ktaq" g K —_—t A “
Ktn m'(NR) R @
KYK—at K >
K+K-K+ Nk (1430) S U
e KT HsKs K (1430)° — af K°
| J—— = by K™
== K" ——
Gar ar o b K
== K"rm " —
Kt K S———— b? K
o KU KT K- T T T T T T T T
— KKK - . 0 !
CP Asymmetry
T 1 1 1 1 1 1 L]
-1 0
1 L 1 L 1 L] 1 L] L]
CP Asymmetry -1 0
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Direct CP violation in B - KTt

* Direct CP violation in B - K1t sensitive to y
too many hadronic parameters = need theory input

NB. interesting deviation from naive expectation
§ 7:L\e‘ A_.(KTT") =-0.087 + 0.008
WP A_ (KT = +0.037 + 0.021

HFAG averages

Could be a sign of new physics ...
... first need to rule out possibility of
larger than expected QCD corrections

Tim Gershon
! Heavy Flavour Physics

S

Entries per 2 MeV/c?

Belle Nature 452 (2008) 332

N b Kta-

1 1 1 1 1 1 1
5.2 5.25 5.2 5.25
M, (GeV/c?)
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Clean observables in B - K1t (etc.)

- Measure more B - KTt decays & relate by isospin

* Perform similar analysis on B - K*1t &/or B - Kp

- Dalitz plot analyses of Kmtrt final states extract both
amplitudes and relative phases — more observables

- Measure B_- KK decays & relate by U-spin

- e.g. relation between time-dependent CP violation
observables in B_- K'K™ and B® - "1

- Dalitz plot analyses of B_— KKT

Note: flavour symmetries very useful
But, still get theory error from symmetry breaking (difficult to evaluate)

... data driven methods will win in the end (unless miracle breakthrough)

Tim Gershon 29
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B - h'h'™ at hadron colliders

» Excellent channel to profit from displaced vertex trigger

 Particle ID extremely important LHCb arXiv:1202.6251
L [ ¢ dat P 3 300 %% e ek
> . total - Bl:J — K*K~ 3250!]5 32501]5- I:b} r:] 5—4(-:
N 3 = - 3 X | ] —
= N S B » K = 1500} 15000 UK~ | B3-body
o - 2 oot D0t S = G Comb. bkg
AN - - g
— 500 OO0 T,
Q 2 e = T ———
o - _ 0 : 455 58 055554 56 58
g A 11l combinatorial backg. Kt invariant mass (GeV/c?) K=* invariant mass (GeVic?)
4 2l % SEICIE multi-body B decays
@ 10 - '+' 1000~ &, 1200~
o) L , T LHCb S b : LHCb
O : -4 g suo;.’-[+.’-[_ Preliminary 2 1000 4 \Pr_eli?\i’nary
% . g - g 800~
O g ,g soo;
400—
B 200~ - \
5 651 52 53 54 55 56 57 5.8 T e e o T R S T B T
m_, (GeV/c?) myy (GeV/c?)

Invariant mx-mass [GeV/c?]
LHCb-CONF-2012-007
CDF PRL 103 (2009) 031801
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https://cdsweb.cern.ch/record/1426663?ln=en

_

Events / ( 8 MeV/c?

Raw asymmetry

Tim Gershon
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First CP violation measurements in these channels

at a hadron collider (B® - m'r) / ever (B ° — K'K")

LHCb
Preliminary
\s=7TeV
5359 + 96 signal
events

P T TR R R
56 57 58
m (GeV/c?)

T
5.5

LHCb
Preliminary
\s=7TeV

|
I

dir
A’.?T?T

2 5 6 7 8 9
t [ps]

-‘—HII‘IlHllllllll

=0.1140.21 £0.03,
AM — 0,56 +0.17 4 0.03,

LHCb-CONF-2012-007

12007
S LHCb
< 1000— Preliminary
0 B \s=7TeV
<, 800 )
£ T 7155 £ 97 signal
o L
& 600 events
400~
200—
%553 52 53 54 55 56 57 58
m.... (GeV/e?
5-0.20_
] - LHCb
E 015 preliminary
50-10;_ \s=7TeV
% 0.05-
o C
o
-0.05
-0.10- A% =0.0240.18 4 0.04,
0155 mix — ().17 4 0.18 =+ 0.05,
- Coovov v by v b v v v e b 1
0'200 0.05 0.1 0.15 0.2 0.25 0.3 0.35

(t-t ) modulo (2/Am,) [ps] 31


https://cdsweb.cern.ch/record/1426663?ln=en

Importance of y from B - DK

v plays a unique role in flavour physics

the only CP violating parameter that can be measured
through tree decays ©
® more-or-less
* A benchmark Standard Model reference point
e doubly important after New Physics is observed

%
C D
£l

D

=

| Variants use different B or D decays 3
Tim Gershon require a final state common to both D° and D° 32
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Why is B - DK so nice?

 For theorists:

- theoretically clean: no penguins; factorisation works
- all parameters can be determined from data

* For experimentalists:

- many different observables (different final states)
- all parameters can be determined from data
- Y & 0_ (weak & strong phase differences), r_ (ratio of amplitudes)

Tim Gershon
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B . DK methods

» Different D decay final states
- CP eigenstates, e.g. K'K™ (GLW)
- doubly-Cabibbo-suppressed decays, e.g. K'rt™ (ADS)
- singly-Cabibbo-suppressed decays, e.g., K**K™ (GLS)
— self-conjugate multibody decays, e.g., Ksn+n‘ (GGS2Z)
» Different B decays
- B"- DK", D*K™, DK*"
- B~ DK*° (or B — DKt Dalitz plot analysis)
- B~ DK, B~ Dg (with or without time-dependence)

- B~ D K, B”~ D™ (time-dependent)

never studied before (or not much)

T+ Gefshan Search for direct CP violation caused by y#0

_ _Flevms_ics_ 1. All parameters from data — no theory input needed
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Latest results on B - DK : GLW

LHCDb arXiv:1203.3662

Events / { 5 MeVic?)

Evidence for direct CP violation (y£0)

Tim Gershon
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LHCH

- g .
Bo[K'K)®

5400 5000

5200

DCP K ACP+

i S =
B*S[K*K] K

' kg i
B'S[K'K) ®

5400 Sa00)

ml D) (MeV ic?)
|M0riﬂnd 2012

PRELIMINARY

BaBar 0.25 + 0.06 + 0.02
PRD 82 (2010) 072004 (B R
Belle : \ 0.29 + 0.06 + 0.02
LP 2011 preliminary
CDF 2 03940174004
PRD 81 (2010) 031105(R) , - '
LHCb : 0.14 + 0.03 + 0.01
arXiv:1203.3662 | el
Average 0.1940.03
HFAG ]

0.2 0 0.2 0.4 0.6
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The other Unitarity Triangles

» High statistics available at LHCb will allow sensitivity
to smaller CP violating effects

- CP violating phase in B_oscillations (O(A))
- B_oscillations (Am ) measured 2006 (CDF)

- CP violating phase in D° oscillations (O(\°))

. D° oscillations (x, =Am /I &y_=2Al_/I' ) measured 2007 (Babar,
Belle, later CDF)

« Observations of CP violation in both K° and B° systems
won Nobel prizes!

Tim Gershon 36
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Time-dependent CP Violation
Formalism

. Generic (but shown for B ) decays to CP eigenstates

1+ |'JI‘J"|2 et
‘:.

ran

L(B.(t) — f) = Ny |Ag|°

Al + A%'IS cos(Amit) + Aar sinh &‘)Fi

o o

¢ [cosh + .AE;’:;‘ sin (Ao i)]

1+ |2
i:.

L

L(B.(t) = f) = Ny lAg [ (1 +a)e ™

AT ¢ , AT
5 A‘é'ﬁ cos(Ami) + Aar sinh 5

i a

% [cosh

— Amix sin{ﬂ.mi)] .

Tim Gershon 37
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Time-dependent CP Violation
Formalism

. Generic (but shown for B ) decays to CP eigenstates

| . L+ [Af]®
D(B.(t) — f) = Ny |4, 2D oo
> [cosh &gi AZE cos(Amt) + Aar sinh &Fi 4+ AME sin {ﬂmi}]

B0 £) = Ny 14,2 A o Gy

AT
¢ [cosh 5 @ ps( A t)

CP violating asymmetries CP conserving parameter
2
dir _P\CP‘ _ 2 ER(?\CP) mix _ 2 S<?\CP>
ACP - C'CP - ) AT — ) ACP - SCP - P)
1+|Acp| 14| Acp 1+ [Acp|
" Tim Gershon dir \2 2 m
! Y FIavourPhyS|cs (ACI;) _I_(AAF) —I_(A lX) —1

S



\

Time-dependent CP Violation
Formalism

« Generic (but shown for BS) decays to CP eigenstates

A
P(Ba(t) = 1) = Ny A, 2L

-:crsh &Fi © + Aar sinh &gi

T(B.(t) = f) = Ny AP ——2L0 (1 4 a) e T

ﬂ.l_'i FAN
-:crsh ©—|— Aar sinh 5

* Untagged analyses still sensitive to some interesting
physics

Tim Gershon
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Time-dependent CP Violation
Formalism

. Generic (but shown for B ) decays to CP eigenstates

A
D(B.(6) = f) = N a2 AL

-:crsh &Fi @ + Aar sinh &Fi -z‘l;:[:]:ﬂx s1n {ﬂtmf)]
e

PB(t) = f) = Ny A, LA

.._l

AT

% [cosh 5 —

i

AT

4+ Aar sinh — .,-’-lE;’[":-x sin( A i)] .

.-_l

* |[n some channels, expect no direct CP violation
» and/or no CP violation in mixing

Tim Gershon
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Time-dependent CP Violation
Formalism

. Generic (but shown for B ) decays to CP eigenstates

1+ |'JI‘J"|2 et

(Ba(t) = f) = Ny |As]P =

% [@ + A%'IS cos(Amt) —|—® + .,ﬂl;:‘;::_x sin {ﬂmi}]

_ ) 1 A2 _
N(B.(t) = ) = Ny A2 el gy gy e

‘:.
e [@— Atéll; cos(Ami) + @ AE.’II:_X sin{ﬂ.mf)] .

* |[n some channels, expect no direct CP violation

. B case: Al negligible

Tim Gershon
Flavour /Rhysics

S



Time-dependent CP Violation
Formalism

. Generic (but shown for B ) decays to CP eigenstates

1 A
D(B.(6) = f) = N 4,2 A o

T(B.(t) = f) = N7 | A 1*'“"” (1 + a) e

* |[n some channels, expect no direct CP violation
. B, case: Al negligible

e D°case: both x = Am/I" and y=Al/2" small

Tim Gershon
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Charm mixing and CP violation

HFAG world average Including results from BABAR, Belle, CDF, CLEO(c), FOCUS

g 1_5 : CPV allowed ';"1 ;
> | H : E 60? H SR N A W S
| o |
A . N\ S a0
< |
| 201
0_5_ ....................... ........................... 0:_
i -2q-
] - B
B Bio =40
i 20 i
I : | {;‘g -60—
0.9 B R S B | 7 S I S P A IS PO O DS I
=0.5 0 0.5 1 1.5 02 04 06 08 1 12 14 16 1.8
x (%) lg/pl
Inconsistent with no mixing point (0,0) Consistent with no CP violation point (1,0)
At LHCb can use D - K'K™ to measure
. A untagged or tagged); A_™ x_ (tagged
Tim Gershon ar yD( gg gged) cP D( gged) 43
/AF1avodr Rriysics Many other possible channels
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Evidence for CP violation in D - h'h™ decays

LHCb 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**

-Al'in".'lz.fjl — -“ql'.':-’.l”lz.f:l T -AUIIJF:I T “qJJ'I:

!

- D" decay

")+ Ap(DTT).

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)

"ﬂ“ql.”.l” — a'J'il AW I:-'n!'- _!i'{|:|

> 60000

40000

Entries / (0.1 MeV/c?)

20000

Tim Gershon
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Evidence for CP violation in D - h'h™ decays

LHCb PRL 108 (2012) 111602

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

r
I
(@)
o

AA _ related mainly to direct CP violation 6 S R R L
CP 0 5 10 15 0
(contribution from indirect CPV suppressed by . Run block
difference in mean decay time) s 00 EZer =
g 0.015— —F : Ao Belle
- N i:cp If:gtlzl:’relim.
0.01 — - A,.‘I:.PHCb
'&Aﬂi’ = ;‘:‘lt"ﬁjnlsz K i :l — ..-‘f].fjj:ll:'.l'l' '.ITI j 0.005 _« A:B:u:r
: : Alt) 0]
dir - - = dir | YO indd ;
-0.01
; -0.015 X
Tim_ Gershon R\ — 45
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Evidence for CP violation in D - h'h™ decays

 Nalve SM expectation is for decays to be tree-dominated

e Penguin contributions are possible for singly-Cabibbo-
suppressed decays but CKM suppression Is severe

« So CP violation effects should be O(107™) ... or should they?

» Implications of the LHCb Evidence for Charm CP Violation arXiv:1111.4987
» Direct CP violation in two-body hadronic charmed meson decays arXiv:1201.0785

* CP asymmetries in singly-Cabibbo-suppressed D decays to two pseudoscalar mesons
arxiv:1201.2351

« Direct CP violation in charm and flavor mixing beyond the SM arXiv:1201.6204
* New Physics Models of Direct CP Violation in Charm Decays arXiv:1202.2866

* Repercussions of Flavour Symmetry Breaking on CP Violation in D-Meson Decays
arxiv:1202.3795

* On the Universality of CP Violation in Delta F = 1 Processes arXiv:1202.5038
» The Standard Model confronts CP violation in DO - 1t+11— and DO - K+K- arXiv:1203.3131
» A consistent picture for large penguins in D - pi+pi-, K+K- arXiv:1203.6659

... and many others! Further experimental input

Tim Gershon . .
| needed to clarify whether CPV is SM or NP
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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/pf (f - ')

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

""" Tim Gershon 47
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- J/P@ formalism

S

Differentiz d*T(BY— Jfi dir B |
(B — W) _ = x S (t)F ()
decs e dt deostl dp deosy  dtdQ A2
Bs Bs
k hi(t) € he(t) % Fe(00 )
: _ 1 ERGE ENGE Teos® (1 — eint 6 cos® @)
: 2 J-1”¢,.n|ﬂ | 1.“{.1' )|* Bin® (1 — sin® Gein® )
: 3 |AL ()] (1) E sin” ¢sin” ¢
' P odd 4 | Sl (0AL(D)] | S(« l||[ YAL()) din? ¢ oin 20 pin @
R 5I"{r-‘|* DAY [ WA A} | L Zosin 0sin %
6 | S{ANE)A (1)) | S{AG(L)A (1)) Fl-l gin 2o gin 20 cos @
. . [Ao(t)F = |Ag(0)[%e " [cosh (%) — cos ®sinh (&gst) — sin @ sin( ﬂ.mst)}
+ signs differ for Al Al
B and E A (D = |A)(0)2e T [cosh (Ts) - cos@sinh( 25 ) — sin @ sin(Am. t}}
s s
AL = [AL(0)fe™ [cosh (%) + cos ® sinh (&Fst + sin @ sin( ﬂ\mst)] ;
o _ _ (AT
A AL} = |A”[0)||AJ_(D)|B_F5t [— cos(d, — d) sin @ sinh ( 3 )

— sin(d; — &) cos(Amyt) + cos(d, — ) cos @ sin(ﬂ-.-mst)] ,

RUAOA O} = 1ol 0) conty eosh (S5 ) - consint (32

— sin®d sin(&mst)] and

T F (A 10(0)[|A
r'h GerSHorl, S{AFAL(t)]) = |Ag[0:l||z4j_(0)|e_l—‘gt [_cosﬁl sin ® sinh (&I‘st)

2
W4C€ I< — sind | cos(Amgt) + cosd) cos® sin(:ﬁmst)} i



CP violationinB_ - J/L|Jcp & J/PmTt

—}— data

3 ILH(I'Jb ;Drelllm;na;'y b . °'"pf'"e'“ ;16005 - LHCb PrellmlnaryI I

g F e L LR PE R 20l 2S

31 e wave component §1zoo; 0.37/fb

; e o) LHCb-CONF-2012-002
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107 ook VA LHCb-PAPER-2012-006
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B ~ \\ ]
10 2005—/// \\_E
c o e EET R T EEE—
6 -1 -0.5 0 0.5 1
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4001~ - ™~ - 400
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e 0
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https://cdsweb.cern.ch/record/1426261?ln=en
https://cdsweb.cern.ch/record/1423592?ln=en
https://cdsweb.cern.ch/search?ln=en&cc=LHCb+Papers&sc=1&p=LHCb-PAPER-2012-005&f=&action_search=Search
https://cdsweb.cern.ch/search?ln=en&cc=LHCb+Papers&p=LHCb-PAPER-2012-006&f=&action_search=Search&c=LHCb+Papers&c=&sf=&so=d&rm=&rg=10&sc=1&of=hb
https://cdsweb.cern.ch/record/1423592?ln=en

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

«Ambiguity resolution <+— | HCb-PAPER-2011-028
*Tagged time-dependent angular analysis of J/y@ with 1/fo < |LHCb-CONF-2012-002
Amplitude analysis to determine CP content of J/{mtmt <«+» |HCDb-PAPER-2012-005
*Tagged time-dependent analysis of J/ymmt <+—p |LHCDb-PAPER-2012-006
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https://cdsweb.cern.ch/record/1426261?ln=en
https://cdsweb.cern.ch/record/1423592?ln=en
https://cdsweb.cern.ch/search?ln=en&cc=LHCb+Papers&sc=1&p=LHCb-PAPER-2012-005&f=&action_search=Search
https://cdsweb.cern.ch/search?ln=en&cc=LHCb+Papers&p=LHCb-PAPER-2012-006&f=&action_search=Search&c=LHCb+Papers&c=&sf=&so=d&rm=&rg=10&sc=1&of=hb
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b - sy rate and photon energy spectrum

Archetypal FCNC probe for new physics

Tim Gershon
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consistent with the SM prediction
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b — sy photon polarisation measurement

«Search for time-dependent asymmetry

*Observable effect requires NP: left-nanded current & new CP phase

K*vScp vs Cp E Excellent prospects for LHCb with BS — QY

PRELIMINARY

0.8 T
/ . N BaBan\ LHCb arXiv:1202.6267
777 Belle

B4 Average

w
=]

=~ 4 : X ] L . 2 L I X Y L 4 L
g LHCb N,, = 239+ 19 E
5 l - u. = 5365 = 3 MeV/c®

& 4+7MeVic®

oo
(=]

2

Events / ( 80 MeV/c?)
g a

40
30 —i
20_ "E
10F e ST ORPI "E
ok R Al P ilye et oo
s S L E=T—F— =TT
e e e Sl mi == s 2= =na
ik R Ty
M(KKy) (MeV/c?)
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B - K"y

* b sl'I” processes also governed by FCNCs

- rates and asymmetries of many exclusive processes
sensitive to NP

» Queen among them is B_ - K*°p"u-

- superb laboratory for NP tests

- experimentally clean signature

- many kinematic variables ...

- ... with clean theoretical predictions (at least at low g°)

el 4
5
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Operator Product Expansion

Build an effective theory for b physics
- take the weak part of the SM
- Integrate out the heavy fields (W,Z,t)
- (like a modern version of Fermi theory for weak interactions)

o i/ quarks # 1y A
L (full EW (D) E JC{-H = L QED=QCD | i lentons + 2 n lrﬂ} n

il

Cg n — local interaction terms (operators), (.-f” coupling constants (Wilson coefficients)

Wilson coefficients
* encode information on the weak scale
 are calculable and known in the SM (at least to leading order)
e are affected by new physics

For K*up we care about C_ (also affects b-sy), C_and C__

Tim Gershon 55
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Effective operators

F — F | — F F E‘;‘ ! —— ——
Hﬁ.‘rj_] AC=0,AF=—1 =4 v“% (H{E‘T](I:‘JEJHI:] + E‘f‘:{h]fd"j{;t”
10

XL (CLQY () + C2()Q8 (1) = A; Y Cil)Quln))

1=

where the A} = Vi V. and the operator basis is given by

] = fﬁz’fﬁff}l *?;_ fﬂ"’_r_ (5 = 3'11 'F*?_:_ *?L TSt

i 4o - | P —| i
Qs = biA*s? Zfa Yully Qq = biy'sy foﬁr‘;.ffﬁ
Qs = by sy Z*’:’H ffa*?,rf Qs = b fj"*_r_ Z‘?H Yullf

()r = —n’J” Hay quffﬁ fp*’f,rf (s = "5'11 rﬂ‘*}_ qu‘?ﬁ Tl

¢
- ()7 = mpb T ot F,, 87
Four-fermion operators (except 2Ty = Toar pn S
- - ) {'5 _I d L i
Q,, & Q, ) — dimension 6 Oy = lii:n? mabG o GA T

_ 1
Qov = Sbiy*st Iyl

Tim Gershon _ 1_
Flavour Physics (hoa = —|’J”"“ " E’rf, Y5l
N ¢ 2
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Theory of B - K*u*u~

* Given for inclusive b - sp™u™ for simplicity

- physics of exclusive modes = same but equations are more
complicated (involving form factors, etc.)

» Differential decay distribution

T o
dy2dcosfl, &

(1 +cos® 0)) Hr(g”) + 2 costh Halqg®) + 2 (1 — cos® 6;) He(q”)]

g 2
. : 1T :
\\‘ H':"{UEJ X Eff'] [(fﬁu + 207 —;uh) T F]_Jn] 1
i~

2
2y : g

\l\ Halq?) o< —4¢°Cho ({-1*.1 + 2C75 —;.h) :
q°

\
i \\ HL(q”) [{Eﬂu +2C7)° + t"’fﬂw :

| This term gives a forward-
Tim Gershon backward asymmetry
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Differential branching fraction
and angular analysis of the

0 *0, +,,—
BY— K A decay LHCb-CONF-2012-008

I Theory W Binned theory I Theory W Binned theory
15 —--|HCb ——CDF -8-BELLE —BaBar 1 —-e-|HCb ——CDF —a-BELLE —BaBar
— . T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T
> LHCb ] " LHCb ]
O] Preliminary Preliminary
Q‘U _ .
X 1 _
o $ i
= 4
_8" 5 -
N 0.5 —
q B 4
© 4
0-. T B T S EEPE RN BETEETE PR
0 5 10 15 20 10 15 20
q?2 [GeV?/cH q? [GeV?/c?)
I Theory W Binned theory
1 | HCb —=—CDF ’ - HCb ——CDF
o e T " © © ¥ F L TR v E o T 7 @ ¥ © 7 L L L v
“ [ LHCb ] < [ LHCb
[ Preliminary 1 [ T Preliminary
05_ —d— = 0.5_ - =

(=]

M BT | PR B B R

-10 5 1 15 20 0 5 10 15 20
Tim Gershon 9 [GeV?/cY] 7 [GeV2/cd] "
Flavour /Rhysics
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: T ) | ; : le_;__'g
0?}—%; I —g— : | : % 1 +1 ]
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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

1— _.'_,LH,CbI ,_‘__C,DF +BELLE +BaBar 1-The0ry ® Counting Experiment --Unbinned

. E B ¥ T T T T T r ._

] < [ LHCb ]

E — 0_5:_ Preliminary _

I of '

LHCb 4 osf J

Preliminary - - ]

N T T i r
0 5 10 15 20

q2 [GeV?%/c4 ZOOM o? (GeV?/c!

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?)
Flavour Rhysics
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https://cdsweb.cern.ch/record/1427691?ln=en

B -y
Killer app. for new physics discovery

* Very small in the SM 5 SM @b MM

 Huge NP enhancement ﬂ W0

(tan 3 = ratio of Higgs vevs)

» Clean experimental signature ,

BR(B,—»u'p )™ = (3.3+£0.3)x10° BR(B,—p'p-

Tim Gershon 60
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Latest results on B_— p™p

e

Evens='ad MY

||:|"_-c 1
—4— Data

—— B, MC (105 &

Evenz'al Mey
£3

...........

m),,, [MeW]

Events60 Mey

La
k|

m

L]

==

)

=

Tim Gershon
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L Bt ME (10x) =

T T T T T
M <25 -
Data 4

Candidates / 0.025 GeV

ATLAS (2.4/fb) arXiv:1204.0735

ATLAS
&= 7TV

5 CMS, 5 fo” Vs=7TeV

L L L I
Z Barrel

4 — B signal window |
- e . B signal window |

31 :

2 ]

1 -
WH +--- | H :

|1 I | T | ]

Candidates / 0.025 GeV

CMS (5/fb) arXiv:1203.3976

sCMS. 510" Ne=7TeV
[ Endcap
41 — B signal window |
: . B? signal window
3 y
2
i :
i - ‘
.H . | L H T H .
5

54 56 5.8
m,, [GeV]

ATLAS B(B_— WM < 2.2 (1.9) x 10™° @ 95% (90%) CL

CMS B(B_— ') < 7.7 (6.4) x 10”° @ 95% (90%) CL
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| atest results on B - LU

% I T LHCDb (1/fb) arXiv:1203.4493
S LHCb S
26l BDT>0.5 | a N Sy
= Bty - LHCb B
[ . ./ ~ T
8_4 é | - i
:>: /%7 L _:
2 744 B ]
L ~ _
n . \.\ﬁ..‘.; .
5350 5400 T T e S S S s ¥
m,, (MeV/c?) \ B(B? — u* ) [107]
o~ — 1 T T 1 T T
3 LHCb
S6- BDT>0.5 _ Mode Limit
3 B'—-u'p
s BY -yt Exp. bkg+SM 6.3 x 10
-4 - Exp. bkg
;E; //// Observed
>
Y, Z B — T~ Exp. bkg 0.91 x 107° 1.1x107°
l Observed 0.81 x 107 1.0 x 107°
0™ 5250 5300 Standard Model expectation, e.g. (3.2 + 0.2) x 10™°
m,,(MeV/c?) Buras, arXiv:1012.1447
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Implications

G.Dissertori Moriond QCD summary talk:
“Numbers most often mentioned: 3.2 x 10™° and 125"

CMSEM - tan =50, Anﬂl

500 1000 1500 2000 o,

Gershon, "' N. Mahmoudi at Moriond

2000
1500}
= DB.-"JJH
m. '
1'._'.'-‘ -'ﬁ'rulﬂ'_'”: ) low o'
.E_Juuu —
B ere - k) ow o
500 -
-Hﬂ Drv
-B—*K.H'."f

m1.l'2 [Geu] - E—r}[.uu_hq*
Elack line: CM$S exclusion limit with 1.1 b~ data
Red line: CMS exclusion limit with 4.4 b~ ! data ... before ...
S upersa v3.24
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Implications

G.Dissertori Moriond QCD summary talk:

“Numbers most often mentioned: 3.2 x 10° and 125"

Simple TeV-scale %
models with S1000
large tan B £ |
~ ruled out 500}

i 1 ] 1 I 1 1 1 1
500 1000 1500
m, . [GeV]

Elack line: CMS exclusion limit with 1.1 fb~! data
Red linee CMS exclusion limit with 4.4 fh~! data

im Gershon

W et <

“the wow plot”

I stowed
I charged Lse
-I:-t:'r

BB oy

L

-Eﬂlﬂ o K ) low ot

EDED -l:ll—rl:l.'
DB—'H.HH-FEI}

... after ...
Mew LHCh limits for BR(B. — p p~ ) and BR{Ba — p ™)

S uipe rbo w324

N. Mahmoudi at Moriond
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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

Tim Gershon 65
Flavour /Rhysics
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What is the LHC era?

LHC schedule

New rough draft 10 year plan

Probably already
out-of-date

| 2010 | 2011

| 2012 | 2013 | 2014 | 2015

l

2016

LHC

MI|1|& S ONDFFMAMI JASSOINDL.J

Machine: Splics Comuolidstion &
Collimation inIR3

ALICE - elatestor camplatian

ATLAS - Consolidaton and new forveasd
bam pipes

CRAS - FAID mrilons wggr s +
Consolidation & infrasirasoricTue

LHCE - consolidations |

| Mrypo-collimation paint |

Fid A M J 1 A 53N D I F WA I A SDHDI FIMAMSIDIASDHNDI FMA&BMII JA&SONFNDES FMAMIIASOHND

KA mainbenance

E-Masmanbenance

Injectors

T i Gerston
¢ 1<

BAnchime: Collimastion & prepare for
Erab cavitios & RF cryosystem

ATLAS: now pixed detet. - dateit.
Hiar igimaate Juminesivy

ALICE - Imnar sseriss 4% e

A- s maintenance
E-mas maintenance

CMAS - By Plasd Mawe HCRL
Phs ifs Tars, platian of
WD el = =

( LHCh - full trigger upgrade, new ) LHCb Llpgl”ﬁdﬂ

wirted datector elc.

Installation
of the
HL-LHC
hardware
(accelerator
and

= detector)

... It I1s the foreseeable future!
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Other future flavour experiments

» SuperKEKB/Belle2 & SuperB

- B - 1v, Inclusive measurements, t physics, ...
 Rare kaon decays

- K= 1w (NA62, CERN); K° - 1wy (KOTO, J-PARC)

* Muon to etectron conversion (charged lepton flavour
violation)

- COMET/PRIME (J-PARC); mu2e (FNAL)

Tim Gershon 67
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B - tv and charged Higgs limits

* Pure leptonic decays of charged B mesons very clean

- clean SM prediction
- clean effect of charged Higgs (2ZHDM or SUSY)

BR<B+—>I+V)SM _ G Mg mlz
8Tt

1-—| f2[Vlts BR(B">I"v)"™ = BR(B"—1"v)™

Belle PRD 82 (2010) 071101
>400F

G350( (@)

8300}

o250}

£200F

§150:—

100k

50F

o

Tim Gershon 0 025 6.5 0.75 1 |
/~Flavour/Rhysics EEGL (GeV)

S

6(BR(B—1v))

68




The holy grail of kaon physics: K - 1tvv

—

SM branching ratios

Highest CKM suppression (Brod, Gorbahn, Stamou; PRD83 (2011) 034030)
of the s—d coupling: Mode BR., <101
A~(m/mae)lViY ~ A5 Kt>n*tvv(y) 7.81+0.75+0.29
eSehiBhael Ssb X Komvw | 2.43£0.39:0.06
g 1

SM: box and penguin diagrams CKM parametric  Intrinsic

Lo 2V 4 (mainly [V.|)
u,c,t u.c.t
u,c,t YE T
T w v T v

Next generation experiments should

measure these decays for the 1% time
« K' > 1w (NA62, CERN)
N IR ERSI T « K- 1wy (KOTO, J-PARC)

Flavbur Riysics * Proposals also at FNAL
ARYVI LN
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Future projects

nuclear transitions

pion decays

OE-2, NAG2 KOTO
kaons

dispersion relations

hyperon decays

hadronic matrix elements tau decays

chiral perturbation theory

lattice QCD

bottom

Belle-2, SuperB,
LHCb upgrade

great progress in theory e theories W decays
anticipated CDF, DO, ATLAS, CMS

duct expansion

top

perturbative QCD

Tim Gershon
Flavour Physics

N
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Summary

 We still don't know:

why there are so many fermions in the SM
what causes the baryon asymmetry of the Universe

where exactly the new physics is ...
... and what it's flavour structure is

* Prospects are good for progress in the next few years

* We need a continuing programme of flavour physics
Into the 2020s

complementary to the high-p_ programme of the LHC

Tim Gershon
Flavour /Rhysics
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References and background reading

* Reviews by the Particle Data Group
- http://pdg.lbl.gov/
 Heavy Flavour Averaging Group (HFAG)
- http://www.slac.stanford.edu/xorg/hfag/
o CKMfitter & UTHfit
- http:/Ickmfitter.in2p3.fr/ & http://www.utfit.org/
* Review journals (e.g. Ann. Rev. Nucl. Part. Phys.)
- http://nucl.annualreviews.org

* Proceedings of CKM workshops
~ Phys.Rept. 494 (2010) 197, eConf C100906

 Books
- CP violation, I.I.Bigi and A.l.Sanda (CUP)
- CP violation, G.C.Branco, L.Lavoura & J.P.Silva (OUP)
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Comb./5 MeV/c?

Comb./15 MeV/c?

O N B oM 0 O M

(=] = M N E o m

b hadron spectroscopy —
Observation of the Q

CDF PRD 80 (2009) 72003

4.2/fb

Tim Gershon
Flavour /Rhysics
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m(Q,) =

6054.4 + 6.8 (stat.) + 0.9 (syst.) MeV
6165 + 10 (stat) £ 13(syst.) MeV

significant discrepancy
to be understood

DO PRL 101 (2008) 232002

3 | DO (a)
<% 13"
S | _I™ Data
?12:— = Flt
SNl
m -
8
6: g Qb
4
P15 0 N E - L
O:II|II|III|||||||IIIII||
5.8 6 6.2 64 6.6 638 7
M(Q;) (GeV)
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b hadron spectroscopy —
Observation of the 2

CDF PRL 99 (2007) 202001

Candidates per 5 MeV/c?

S

[4)]
o

40

30}

800 0.05 —0.10 0.15 0.20

CDF Il Preliminary, L = 1.1 fb'1 Fit Prob. = 76%

20

10}

— Total Fit
— Background
— % oA
— I > At

— Total Fit

— Background

o+ 0_+
Z!?+_) Abon

— +
2 > AT

! %ﬂ.ﬂ ] %

Q=m(A%) - m(AY)-m_ (GeV/c))

Fully hadronic decay chain:
Z (*)i_)/\ OT[i
b b
N° N

A - pKTT

Impressive demonstration of
B physics potential with
hadronic triggers
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X(3872) yield / bin volume

F Y
[3.]
(=]

- = NN W W A

More b hadron spectroscopy

Study of the quantum numbers of

X(3872)

|cos(6 qu,)| <0.6 |cos(6 wa)l >0.6

EJCOS(GE | leos(6, )| lcos(6, )| Icos(0, )|
<0.5 >0.5 <0.5 >0.5

i

o
o

&
=]
|

=1
=)
|

&
=3
|

T
}

T

152
o

e
=)
T

o+ ] - |

0 0.63 1.15 2 0 0.63 1.15 2

0 0.63 115 m2 0 0.63 1.15 72
A @ - - 72|

PRL 98 (2007) 132002

Tim Gershon
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CDF Run i
L ~ 780 pb”

X(3872)
» data points

acc. corrected
prediction for
0++

P
1.
_ 1++

_z;f

Candidates per 10 MeV/c?

Discovery of the Y(4140) in

B - J/PoeK

10 CDF Run Il Preliminary L=6.0 fb™
9 -
8 -
7 -
6 -
5 -
4 —
3 -

2 - )

] L HUWU um |

| \ T el

Or 11 12 15

m(u*p K K) m(u w) GeVi/c?
CDF Note 10244 & PRL 102 (2009) 242002
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0.2 r

01 -

-0.1 F

0.2 -

| atest results on B - DK : GGSZ

BABAR arXiv:1005.1096

BELLE PRD 81 (2010) 112002

s (b

= A A
0.15| | '{‘

0.3}
0 50 100 150 200 250 300 350
05 (degrees)

—_ +11 o
® =(78""_  +£4+09)

Evidence for direct CP violation (y£0)

Uncertainty due to assumed D - K_mt"1t” decay model

| ]
QO
L]
-
0.8
0.6
0.4 '
IJ.E'"
D K x, vs
Dalitz ~ X+ VS Vi Leoeit 07750900 250 0 50 100 150
1 (deg)
y:(68+15 i4i3)°
-14
£ BaBar B* 7
777  BelleB"
BaBar B’
Belle B |
I Averages
02 o1 o o1 o2
X

Contours give -24{In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof

Tim Gershon
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‘\‘\

Model independent B - DK Dalitz

* Result * stat + sys + (K 7w K 7w syst)

measurements

 Use CP-tagged CLEOc data to measure average D°-D° phase difference

CLEO-c Results: ¢; & s;

LA

‘ul-

= I RN S B

=l |

0.743 = 0,037 = 0.022 = 0013
0611 £ 0071 £0.037 £ 0.009
0059 = 0,063 = (0031 = 0.057
=495 * 0,101 = (L052 = (45
=911 = 0049 = (L0032 = 0021
0.736 = 0.066 = 0.030 = (L018
0157 = 0,074 = 0,042 = 0051
0,403 = 00046 = 0,021 = 0.002

0.014 = 0160 = 0,077 £ 0045
0.014 = 0215 = 0,055 = 0.017
0609 = (0190 = 0076 + 0037
0151 = 00217 = 0069 + 0048
=050 = 0,183 = 0,045 = 0.036
(L340 = 0187 = 0052 = 0.047
0827 = (0185 = 0L060 = 0036
—0.4009 = 0,138 = 0,030 = 0,002

« Statistical uncertainties dominant

* C, better determined than S

* Results also available forc & s/

* Broad agreement with model s

predictions
« v Uncertai

im Gershon

Al A 1<

: UCLEo-inputh’} =1.7°

(recall model error = 7°)

Marda-is

[ % BaBarmodel _

o5/

=

sl %

@ CLECHC Data

/%X ™~

[Model

- BABAR PRL 95 121802 (2005)]

[Phys Rev. D 80, 032002 (2009)

A.Powell at Beauty 2009

]

o)
-
=
o
3
o
]
=
L T T R R ¥ RN ST R
s,, [GeV?]
[Model = BABAR PRL 95 121802 (2005)]
AL = 180° Ai=0°
| ]
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