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Question 1.
Where to start?
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. Not-too distant histc
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SLAC PEPII .

» Many experiments, hundreds of amazing papers...

1990-2010
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“tom VU&

» The new millennium perfected our picture of flavour in the SM

Mass of Top quark is known,

B4 known to oscillate
CKM matrix looks... OK

B4 and B¢ known to oscillate
CKM matrix works amazingly!

» To understand why that is important we must go back further..
I muuuuch further ....

Rob Lambert, NIKHEF

Am,

Lake Louise, 21st February 2012

1990-2010



Outline

1. Welcome to our universe
= Did you forget how awesome it was?

2. Introduction to flavour physics
= What has that got to do with flavour physics?
= Where can we look for new physics?
= What are the observables?
= Whatis Mixing?

3. 2011 results, the hottest new physics searches

4. Summary and Outlook

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 6
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Quan
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

|

| (13.75  0.13) Gyr
13.7 billion years
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Rob Lambert, NIKHEF Lake Louise, 21st February 2012 8




Matter and ..."
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22% Cold Dark Matter 5o
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5% Atoms
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Antimatter

Matter + Antimatter = photons

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 10



Antimatter

Matter + Antimatter = photons * CP-violation, CPV
observable difference between
matter and antimatter

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 11



Antimatter

Matter + Antimatter = photons * CP-violation, CPV
observable difference between
matter and antimatter

REALITY SM (maximal CPV)

n n

0 = (5.5+0.5)x107 R <107

n7/ / n7

You Are Here .
Where did you go?

Guys...? Guys...??
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Antimatter

Matter + Antimatter = photons * CP-violation, CPV
observable difference between
matter and antimatter

REALITY SM (maximal CPV)

n n
barvon 10 baryon -20
N — (5.5+0.5)x10 N <10
n7 n7
Mass of entire solar system: 2x103%° kg %  Mass of largest asteroid, Ceres: 102 kg

Area ~ (Northwest+Nunavut): Population ~ one small dog
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Yaay, the SM works perfectly!!!
Arf! Arf!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 14



| forgot doggy Einstein!
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Bad news for the

“tom VU&

» The SM is awesome, but it fails to cover the most obvious
features of our universe!!

1. Gravity

Inflation (Anisotropy)

95% of stuff in the universe (dark energy and dark matter)
Why the 5% of baryonic matter even exists (CPV)

Why three generations?

o gk~ W D

Why is only one of them light?

» Apologies to the SM, but it is a poor approximation of reality!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 16



Question 2:
What does that have to do with
heavy flavour physics?

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 17



o VUK A beautiful tmage

Heavy flavour is a microcosm
of the entire standard model

PV

s CWGENR)x 14edSdT0

3

LHCb Public
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Heavy flavour is a microcosm
of the entire standard model
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A beautiful Tmage

Heavy flavour is a microcosm
of the entire standard model
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LHCb Public
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o VUK A beautiful tmage

Heavy flavour is a microcosm
of the entire standard model
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Question 3:
Where can we look for new physics?

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 22



NP Searches

» There are in general two types of new physics searches

Direct Searches Precision measurements

CP-violating asymmetries

Mixing parameters
CKM measurements

.LQ ... >

0.1 1 1000

“Old physics” previous collider searches

New Physics Scale / Collider Energy

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 23



“tom VU&

Precision Searche

1. Find a place where new physics is unlikely

2. Precisely measure well-predicted observables

3. Find a place where new physics could enter

4. Precisely measure related observables

Unlikely: tree-level decays

Rob Lambert, NIKHEF

Likely: loops and penguins
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1. Find a place where new physics is unlikely
2. Precisely measure well-predicted observables
3. Find a place where new physics could enter

4. Precisely measure related observables

Unlikely: tree-level decays Likely: loops and penguins

Rob Lambert, NIKHEF



Question 4:
What Are “The Observables”?

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 26



CPV observable

“tom VU&

» SM has only one source of CPV, from the CKM, a phase

(a\ (v, V. V.,\ [d)

S — ‘/H;.d v;is v;?.b S
\b’ ) \Wd Vie Vi / \b /
p+in

» Observe this and any NP phase with interference:
= Need observables with two competing amplitudes

» SM phase manifests most obviously in the b-quark system

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 27



i vue  Jnitarity Triangle

» Product of rows and columns are constrained by unitarity
» Of the nine relationships, six form a unitarity triangle
» The most well-known triangle is:

Im VoV + VeaVen + ViaVip = 0

» A lot of phases are neatly accessible through Mixing

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 28



Question 5:
What Is Mixing?

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 29



Number of events
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S
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2 4 6 8 10 12 14 16 18 20
Neutral-kaon decay time [tg]

At (ps)

(CPLear)

> “neither of those are the CP-eigenstates”
= CP-violation is very weird in itself
= Observation of CPV in Kaons in 1964, before any predictions!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012

(Babar)

> “mass eigenstates are not the flavour eigenstates ”
* Probably the weirdest phenomenon in physics!

t modulo 2n/ Am [ ps ]




o vue QMwith a’broad ore

» Evolution of a state is governed by the Hamiltonian:

‘ X ('[)> _ o iHt ‘ X (0)> _ e(—iiR{H}+S{H})t‘ X (O)>

7N

Wave-like propagation Decay if Im{H}<0
(e* -> cos(x) ...) et

» Leads to the most basic Hamiltonian of anything
HIX) =i 2 x)=[M, -1, |1x)
dt 2

» X Is an eigenstate, with a mass and a lifetime

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 31



» Simplest one-line Hamiltonian is now a matrix

4 [18:0) (m,-Ir, B0)
dt||By()) \— 2-2)[BJm)

» Off-diagonal elements encode mixing and interference (1=0)

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 32



o VUK Mass and lifetime

» Diagonalize to find the “propagating” states, with a “simple” H

. d

i
H‘BL/H>: 'a‘BL/H>:(ML/H _EFL/Hj ‘BL/H>

» Not flavour states - time-dependent mixtures of probabilities

7 1r
E I 0
It LHCb B
| . . YT o1 0z o3
5 0 5 t modulo 2n/ Am [ ps ]
At (ps)
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Observables

» Four simple observables:
1. Average width r,0,+0,

Average mass M,M, +M,,

2.

. . q q q quZ
3. Width Difference AT, =(FH —FL)=2\F12‘6W9 M
4.

Mass Difference  Am, =(ME. —IVIE)= Z\Mfz‘

» And we also have a phase, which violates CP:

q q

—args — M., and/or a% =Im Ii
q fs

1_‘qu Ivlqu

» All very predictable observables in the SM, related to the CKM

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 34



CKM - status

» Plot everything together on a single graph

» Everything is consistent ... so far ...
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A1l work and no play m=akes Juck © dull BO¥S
»1 work and no play makes Jack @ dull boYy.
A11 work snd no play makes Juck & dull BoYy.
A1l worx and no play maged Jnck & Sullbo¥.
All work and no play =exes Jack a dull baYy.
All work and no play =axes Juck o dull bO¥.
A1l worz and no play mages Jack o dulldoy.

Alo worik and no plsy =axen Juck = dull bo¥.

A1l work and no plsy =akes Jack 8 dull DOY.

All work and no play =nkes Jack a dull bdoYy.
# and no iay zaKkes Juck s dull DOY.

* no play =nkee Jack a dull BO¥.

10 play =nkos Jack & dull doy.

" ao play =aXes Jack & dull boy.
. no play saxkes Jack o dull DOY.

and no play =aXen Jack a dull BOY.

all“work and no play =axes Jack & &ull Ddo¥.

All work and no play maken Jack s dull BOJF.

A1l work and no play makea Jack & dull dOY
All work anc no ploay maxes Jack s dull doY.
A1l work and n0 pUWY sskces Jack a dull doYy.
A1l work and nO Pl ankes Jack a dull boy.

11 work and Do Pl ankos Jack a 4duil boy.
11 work and oo play snkos Jack a dull doy.
A1l workx and no PlAY saxes Jock dull boy.
A1l work and oo play =acked Jack a dull boY.
211 work und no piay sakes Jaxk = dull doy.
A1l work and no play ankes Jnck a dull doY.
A1l work and no plsy makes Jock a dull doy.
Al work and no play ankes Jock a dull boy.
A

- - TG C o gy g ﬂn!!ﬂ Jac.x Q'X«.l boyo



» Intermission, intermezzo, break, pause, rest, deep breath

A. What to take away so far?
= -13730000000 -> 1815: @ Standard Model ®

m 1815 -> 1990: © Electro-weak, quarks, CKM ©
3 1990 -> 2010: © QCD, CPV, Mixing ©
B. Theory?

= Mixing is a simple QM process, you can understand it!
= Mixing and other variables can accurately measure CPV
= The only source of CPV in the SM is a single phase in the CKM

C. So: What’s left? What’s interesting? What’s new?

Rob Lambert, NIKHEF Lake Louise, 21st February 2012
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Status of example searches
(as of the end of 2011)

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 38



SO0 many results".

“tom VU&

» LHCDb 31 papers, most are on heavy flavour
= See here

= Four great examples:

- Differential branching fraction and angular analysis
of the decay BY -> K*0 i+ -

- Measurement of the CP violating phase ¢ in B.->J/ v °(980)
- Search for the rare decays B, -> u+ p- and B% -> p+ -
- Measurement of the effective B°_ -> K+ K- lifetime

» CMS, 9 papers on heavy flavour

= See here
= e.g. Search for B(s) and B to dimuon decays in pp collisions at 7 TeV

» ATLAS, 3 papers on heavy flavour

= See here
= e.g.: Observation of a new y, state in radiative transitions to Y(1S) and Y(2S)

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 39
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» Three key results with major updates in 2011

1. BO _> K*O }"l‘+ }"l‘-
» Model-independent test of classes of NP

2. Bg->pt p-and B2 -> p+t p-
= Direct constraints on SUSY models and mass scales

3. Phase ¢, in B,-> Jhy f°(980) and B, -> J/y @
= Determine CPV in the B, system

» ... more updates coming soon (Moriond ... next few weeks)!

» ... even more where the LHC hasn’t yet made a statement!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 40



» B,— K*uu has both loops and penguins!

» Amongst many observables Ay Is sensitive to SUSY

e.g.

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 41



2010 > 2011

Theory B Binned theory
=-o=_HCh

- BaBar
12 -~ 657M bb-pairs

LHCb -
Preliminary

A I A A, o R N P P B
0 2 4 6 8 10 12 14 16 18 20 0 5 10 15 , 20
) 5 o q* [GeV‘/cY]
q°(GeVe/c?)

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 42



» Very rare decays, where SM BR predictions are very good

» In the case of B_,;—uu, the rate is very sensitive to SUSY

b MSSM

HY/A®
e.g.
S ~ tan’p .
BR(B%,—up)= (0.32 £ 0.02)x 108 > ’)

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 43



2010

CDF @ TeVatron

8-]0.987 <v, <0.995 vy > 0.995
6- 0 -
{ Background Bs—>j.l+ll.l

10 +signal (SMx5.6) CC
4 -

5321 5369 5417 5321 5369

BR(B%,—up)<4.3 x 108 @95%CL

Rob Lambert, NIKHEF

U NI _ b _ ih

2417

CL,

0.8

0.6

04

0.2

Lake Louise, 21st February 2012

CMS+LHCb @ LHC

r r r - r 1 1 r
CMS +LHCb
preliminary

m— (Observed

SEs= Expected t 1o
(background + SM)

10 15
BR(BS — ) [10°]

BR(B%,—uu)<1.08 x 108 @95%CL
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¢. Motivation

» B, ->J/y ® and B, -> J/hy f°(980)
» Flavour-symmetric, charge-symmetric, final states
» e.g. (K+K-utu-), through resonances

v Can be reached by B, and B, , Vewet b Ve

v Mixing, decay, interference Bg%:g WZ
v Maximum chance for CPV ) Vfi

u, c,t

» B, -> J/y © requires separating out CP-odd and CP-even
» Tagged, time-dependent angular analysis

> B, -> J/y f°(980) has a lower BR, but is essentially CP-odd
= No angular component required

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 45
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d'T(B— Jjo)

= hi(t) fr(€2) .
dt dcosf dy dcos dtdQO(Z k(1) fr(€2)

1 | Ao|?(t) 2cos? 1 (1 — sin? O cos? ¢)
2 |4 ()]? sin? 1) (1 — sin? #sin? ¢)

3 | AL ()] sin? v sin? 0

4 S(A) ) AL()) — sin? ¢ sin 26 sin ¢

5 R(Ao(t) Ay (2)) %\/5 sin 2¢ sin? @ sin 2¢
6 | I(Ao(t) AL()) % 2 sin 210 sin 260 cos ¢

7 |Ag(t)]2 %(1 — sin? 0 cos? )

8 R(AZ(E)A) (1)) %\/gsinws'mQ 0sin 2¢

9 S(AL(H)AL(1)) % 6 sin v sin 20 cos ¢

10 | R(AL(t)Ao(t)) % 3cos(1 — sin? @ cos? ¢)

Rob Lambert, NIKHEF

P o _ Al AT
[Ag|“(t) = \A(]‘Zp r-?[(»ggh (/Ti) — cos ¢ sinh (—)I‘) + sin ¢ sin(Amt)]
|A‘|(f)|2 = |4 [2e=Tst[cosh (%f) — cos ¢ sinh (%t) + sin ¢, sin(Amt)] ,
r ATl
[A M) = |AL]eTstcosh (ATI‘) + cos ¢ sinh (%t) — sin ¢ sin(Amt)] ,
AT
(A ALM) = |4 ||‘,\L|(,—l"_ﬂt[_ cos(d — &) sin ¢ sinh (71‘)
—cos(d) — d||) cos ¢ sin(Amt) +sin(8 — &) cos(Amt)]
. AT AT
R(Ao(t) Ap(t)) = Aol le=Tst cos(d) — do)[cosh (Tt) — cos ¢ sinh (Tf)
+sin ¢s sin(Amt)],
4 ~T.t N SN i s Al
I(Ap(t) AL (1) = JAgl|ALle™ =" [—cos(d) — ) sin ¢ sinh Tf
—cos(6 ) — 8p) cos s sin(Amt) + sin(8 ] — 6o) cos(Amt)],
A2 = |As2e st cosh (A—)r!) + cos ¢, sinh (%l) — sin gy sin(Amt]
. T AT T L
RAZ@OA () = [Asl[Ayle™ =" [ sin(d) — d5) sin &g sinh Tf —sin(d) —ds) cos gs sin(Amt)

+cos(d) — &) cos(Amt)]

J(AXDAL(E) = |Agl|ALle Tt sin(8, — 8, )[cosh (%t) + cos ¢ sinh (%f)
—sin ¢ sin(Amt)],

R(AT(DA0(t)) = |Au||Aole T+t [ sin(do — 8,) sin ¢, sinh (%g)

—sin(dp — ds) cos ¢ sin(Amit) + cos(dg — zi,)cos(f_\m.f,)] .
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¢, Recently

2010 > 2011

I L] L] L]
LHCb Preliminary

Preliminary results overlaid ] Dpo 8fb’
— 68%CL
=== 95%CL
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Upcoming very interesting results...

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 48



Upcoming (1)

» CP-asymmetry in decays (Direct CP-violation)

» Interesting hint: the B—>Kn “puzzle”

Acp
Ko™
fK"i-
HFAG K
August 2010 K*y
— Belle Krnmm™
—— BABAR +..0
CDF L
—— New Avg. K"z~
L] ] ] ] ) 1 1 ¥ |
-0.5 0 0.5

CP asymmetry

» LHCD poised to make a similar measurement, keep watching!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 49



CPV by eye

» From the LHCDb public page

)

<,3000— <, 3000
3 L LHCb e =0 LHCb
02500 - L),  Jadeesecsscnsnnscnsunnannyl Pre"mimr ........................ 9.2500 ........................ B - -
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S r \s =7 TeV Data e \s =7 TeV Data
#2000 72000
€ C =
g C g
“1500— “ 1500
1000— 1000
500 500
0?’_\\J ;-\\ Of‘\ J@“.j&;.vﬁ....'m-.-“.
5 5.1 5.2 53 5.4 5.5 5.6 5.7 25.8 5 5.1 5.2 53 5.4 5.5 5.6 5.7 ?.8
K'n" invariant mass (GeV/c?) K'z* invariant mass (GeV/c“)
—~200 ~ 200
o = % o - 1
> 1801 LHCb > 180~ LHCb
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§ C + \s =7 TeV Data g r \'s =7 TeV Data
:—140 — = 140—
0 C » C
£ 120 T 120—
¢ 2
@100[¢ & 100
801 80—
60— 607 g 0
a0 40— S
20 e 20—
e v P NI _3F W e = A R N /il AT
5 5.1 5.2 53 54 5.5 56 5.7 §.8 5 5.1 5.2 53 54 55 56 5.7 ?.8

Kzt invariant mass (GeV/c®) K*n" invariant mass (GeV/c®)
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Upcoming (2)

Fermilab-Pub-10/114-E

Evidence for an anomalous like-sign dimuon charge asymmetry

V.M. Abazov,2® B. Abbott,” M. Abolins,®® B.S. Acharya,?® M. Adams,*® T. Adams,*” E. Aguilo.® G.D. Alexeev,¢
G. Alkhazov,*® A. Alton®.%? G. Alverson.®! G.A. Alves.,? L.S. Ancu.?® M. Aoki,*® Y. Arnoud,** M. Arov,>®
A. Askew.?” B. Asman,*' O. Atramentov,%6 C. Avila.® J. BackusMayes.®! F. Badaud,!® L. Bagby.*® B. Baldin,*®
D.V. Bandurin,*” S. Banerjee,?® E. Barberis,®! A -F. Barfuss,'® P. Baringer,?® J. Barreto.? J.F. Bartlett,*®
U. Bassler,'® S. Beale,® A. Bean,”® M. Begalli,> M. Begel,”? C. Belanger-Champagne,*! L. Bellantoni,*®
J.A. Benitez,% S.B. Beri,?” G. Bernardi,!” R. Bernhard.?? I. Bertram.*? M. Besancon,'® R. Beuselinck,*?

We measure the charge asymmetry A of like-sign dimuon events in 6.1 fb~! of pp collisions recorded
with the DO detector at a center-of-mass energy /s = 1.96 TeV at the Fermilab Tevatron collider.
From A, we extract the like-sign dimuon charge asymmetry in semileptonic b-hadron decays: A:l =
—0.00957 + 0.00251 (stat) +0.00146 (syst). This result differs by 3.2 standard deviations from the
standard model prediction A%(SM) = (—2,?39:8:2) x 107* and provides first evidence of anomalous
CP-violation in the mixing of neutral B mesons.

PACS numbers: 13.25.Hw; 14.40.Nd

Suprize!
... is it new physics?
First let’s compare with other measurements...
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NP & Mixing Recag

» Remember mixing is a loop-level process

“tom VU&

» Mixing can be modified in both magnitude and phase
» Define a complex number parameter A, for the new physics

» Just like we did with the CKM
» Collect all the measurements together
» Plot all at once in 2D (complex plane)
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» SM was disfavoured by 3.6c, due to DO result....

Re Ad | - RE As
» LHCD poised to make a similar measurement, keep watching!
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If it’s true?

» Not just new physics
= CP-violating new physics beyond any SM shoe-horning
- Leptoquarks?
- Unparticles?

- Completely unexplored new physics?

KIteR and anti-kitteh coeXist for2.353 Xt secondsi

& R S

Heeeere’s
new physics!

» In a way it's exactly what we need!
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Nobody has even invented the chew-toy!!!
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o vue Summary and Outioot
» What did we learn?
= The SM is a poor description of reality
» |tis a surprize that the SM works so well in particle physics!
= There must be new physics and it must violate CP
= Precision experiments probe energy scales others cannot!

» The LHC is a heavy-flavour factory
= The first year’s results already rule out classes of NP models

> 2012

?
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» Backups are often required
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wvue  rurther Reference

» LHCb:
= B oy first result: http://arxiv.org/abs/1103.2465
» Detector paper: J. of Instrumentation (No. 3 pp. SO8005P)
» “Roadmap” of physics analyses: arXiv:0912.4179

— Chapter 2: Y

— Chapter 3: B - Kn
— Chapter 5: By — 1u
— Chapter 6: K* uu

= AA studies:
— R.W. Lambert, CERN-THESIS-2009-001
— N. Brook et al., CERN-LHCb-2007-054

» CPLear: Kaon mixing: Physics Reports, Volume 374, Issue 3, Pages 165-270 (January 2003)

» Experimental averages:
= CKM fitter group : http://ckmfitter.in2p3.fr/
= HFAG (B —Kn): http://www.slac.stanford.edu/xorg/hfag/rare/ichepl0/acp/index.html

» More on B—>Kn
» Theory Status: S. Mishima from CKM 2010, arXiv:1101.1501
= New Physics : S. Baek et al., arXiv:hep-ph/0412086

» CDF B,y — pu : CDF Public Note 9892 (preliminary)
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https://mmm.cern.ch/owa/redir.aspx?C=e2c84b597bb64d9682dac8b51e5afbe8&URL=http://arxiv.org/abs/1103.2465
http://dx.doi.org/10.1016/S0370-1573(02)00367-8
http://dx.doi.org/10.1016/S0370-1573(02)00367-8
http://dx.doi.org/10.1016/S0370-1573(02)00367-8
http://ckmfitter.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/rare/ichep10/acp/index.html

Interesting readint

“tom VU&

» General texts:
» The BaBar physics book, SLAC-R-504

» Recent papers:
= D@ measurement of AP, 3.2c deviation from the SM (May 2010)

Evidence for an anomalous like-sign dimuon charge asymmetry
PRL. 105, 081801 (2010)

= Nierste and Lenz B-mixing update (Feb 2011)

Numerical updates of lifetimes and mixing parameters of B mesons
hep-ph arxiv:1102.4274

=  WMAP 7-year sky maps (Feb 2011)

Seven-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Sky Maps, Systematic Errors, and Basic Results
Jarosik, N., et.al., 2011, ApJS, 192, 14
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http://arxiv.org/abs/1005.2757
http://arxiv.org/abs/1102.4274
http://arxiv.org/abs/1102.4274
http://arxiv.org/abs/1102.4274
http://arxiv.org/abs/1102.4274
http://arxiv.org/abs/1102.4274
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
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http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results_reprint.pdf

Acknowledgeme

“tom VU&
» Wolf Reichter (wolfsbodymagic.com) for photo editing
» Victoria Gugenheim (gugenheim.co.uk) for editorial notes
» Ceres photo courtesy of NASA (hubble)
» WMAP poster, WMAP and NASA
» Laika photo is public domain

» “The Shining” Stanley Kubrick pictures. All rights reserved.

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 60



g -

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 61



Translate

1. pp-interactions within a symmetric experiment

2. Correct all experimental biases (magnets, mis-id ...)
3. Observe N(u ) # N(u )
4. In the SM, the favoured way to make charge asymmetry is if:

bb— >y " # bb——u u
5. Which comes from B%-mixing:
bb =B°B°~B°B° » u*u'X # bb=B°B°~B°B° > u u X
» In the standard model it is almost negligible
S d
a2 8 g\ (220+03)x10¢ D@ ~(-1£0.3)%
2
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Discovery Potentic

“tom VU&

» a, IS very sensitive to new physics (NP) even if:
*» Tree-level processes are SM-dominated
“* SM flavour structure
“ Unitary CKM

» With very weird scenarios (like leptoquarks)
= Probe NP mixing, interference and/or decays

» Usual formula is modified:
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Discovery Potentic

oM VU

» a, IS very sensitive to new physics (NP) even if:
*» Tree-level processes are SM-dominated
“* SM flavour structure
“ Unitary CKM

» With very weird scenarios (like leptoquarks)
= Probe NP mixing, interference and/or decays

» If we allow a single NP phase in the mixing ©

NP rlszM 1_1182'\/I :
a =~Im VEL cos® —Re YEL SINE

12 12
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Discovery Potentic

oM VU

» a, IS very sensitive to new physics (NP) even if:
*» Tree-level processes are SM-dominated
“* SM flavour structure
“ Unitary CKM

» With very weird scenarios (like leptoquarks)
= Probe NP mixing, interference and/or decays

» If we allow a single NP phase in the mixing ©
= (first part is just the SM value)

SM
12

oM FSM
a'"~ a." cos®—Re:—2Z_lsin®
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Discovery Potentic

oM VU

> a IS very sensitive to new physics (NP) even if:
* Tree-level processes are SM-dominated
“* SM flavour structure
“ Unitary CKM

» With very weird scenarios (like leptoquarks)
= Probe NP mixing, interference and/or decays

» If we allow a single NP phase in the mixing ©
= (first part is just the SM value)

a'¥x 21x10°cos®+ 4.0x107° sin®

» Up to 200-times the SMHII[ ... still... < DG measurement |]]
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» But they constrain NP differently
= Effective power enhanced

= NB physical limit of a, is at 4x10-3 < current DI result!

Rob Lambert, NIKHEF Lake Louise, 21st February 2012 67



“rom VU

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

'
o
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. LooKing for flavot

» Check loop-level observables

» Would need a very accurate determination of dmd/dms

T I T T T
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ACME™
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¥ | Yaay, the SM works perfectly!!!
N Arfl Arf!
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