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Baryon Asymmetry of the
Universe (BAU)

ANTIMATTER'S WHEN DID THIS
HAPPEN, SIR?

nquark'nantiquark/nquark (PI’O'[O Universe) ~nbaryon/nphoton (TOday)~



Sakharov Conditions for BAU

To allow the development of an
asymmetry between matter and
anti-matter

1. Violation of Baryonic Number

2. Thermodynamic Non-equilibrium

Scanned at the American
Institute of Physics

3. Violation of

Origin of BAU: Baryogenesis or Leptogenesis?



CP-Violation

Spin=Up Spin=Down
Electron Positron

Da Gino Isidori:


http://scienzapertutti.lnf.infn.it/P1/schedaCP.html

CP-Violation and Flavour Physics
in the Era of the LHC

Many open guestions are associated with flavour and
CP-Violation:

Why are there three generations (if they are three)?
What determines the hierarchy of the quark masses?
What determines the pattern of the quark mixing?

What determines the non-zero neutrino mass and
mixing?

Flavour Problem:
Many reasons to expect New Physics (NP)at A~ 1 TeV
Naive Flavour bounds A > 10 % TeV

— the full theory must have a non-trivial flavour structure



Types of CP-Violation

A =(fIHIM), A, =(f|H|M)

AF

1
=

A =(F[HIM), A, =(fH|M)

CP Violation in mixing [EEASE@Y (indirect)
CP Violation in decays(direct)
CP Violation in the interference




Quark masses and mixing

The masses and mixings of guarks have a common
origin in the standard model (SM): they arise from
the Yukawa interactions with the Higgs condensate

. rd T o ogl 2 Wal TN | "
}:,}' = —-} _E:T'}- QL'E: .:1;‘_, dﬁj — 1.;.'1- QL'E: i H.Hj + ll[‘

a1

When ¢ acquires a VEV we get the masses of the
guarks

The diagonalization yields the physical states. As a
result the charged currents couples to the physical
guarks as:

) dr,
_EIJ —— — T , T 7
—= (@r. oL, T0) Y Wi Vekm (HL) +he.,
br,

V2

Verw 1S @ 3 X 3 complex matrix know as the
Cabibbo, Kobayashi, Maskawa matrix



Cabibbo-Kobayashi-Maskawa
(CKM) Quark Mixing

With 3 generations CP violation is
naturally introduced by an irreducible

complex phase in the quark mixing matrix
(Komayashi & Maskawa, 1973)

|V 4l = 0.97425 + 0.00022 0* — 0* super-allowed nuclear (3 decays

|V, | = 0.2252 + 0.0009 Kaon semi-leptonic and leptonic decays

V4 = 0.230 £ 0.011 21/1u ratio in neutrino/antineutrino interactions

V.| =1.006 = 0.023 Average of semi-leptonic D and leptonic D, decays
Vol =(40.9 £ 1.1) x 103 Combination of exclusive and inclusive B decays

Vol =(4.15 £ 0.49) x103 Comb. of exclusive and inclusive charmless B decays*
|Vy| = 0.89 £ 0.07 Single top-quark production cross-section

V4 & V, accessible from FCNC processes (loops)

*But tension inclusive and exclusive determinations (see later) 9



Hierarchical Structure

1-21/2 A AL (p—in)
) 1-212 AN

AV(1-p—in) —AX 1

Wolfenstein parameterization

From Global fit (PDG review, 2010):

Imposing SM constraint (3 generation unitarity):

A= 0.2253 +0.0007 A =0.808 *0022

10



V,. and universality

(l T7 T v — Y — v — 8"
—W - (UrVermy*Dr + ey ver + Ay vu L + Toy s L._) + h.c.

V2

12 o2 o2 -
V -'u..d.‘ + V us + V ub| — 1

Standard-model coupling of
guarks and leptons to W

Universality: Is G from u decay equal to G from x, K, nuclear g decay?

(fr = (Gpe /My = Gexn = (9990)° (Vaal® + |Vus|?) /My,

Physics beyond the Standard Model can break gauge universality:

i




V. from semileptonic decays

CrGrm (0 -
F(K€3(y)): II<92};I3K SEW|VMS‘2‘ 1 " (0)|2

X Ixo(Aky) (1 + 2Af<U(2) + ZA%}/I)

with XK € {K', KV}, £ € {e, u}, and:
C2 1/2for K', 1 for KV
Universal SD EW correction (1.0232)

SEW

Inputs from experiment: Inputs from theory:

[TE ﬁ}')j Rates with well-determined £ g () Hadronic m atrix slement

treatment of radiati ve decays: (form factor) at zero

. Eiranghmg atins momentum transker |:I= |:|:|

= Koaon lifetimes ELIEUE] Fomm -factor comaction for

I ({4}, Integral of form factor over <UL 4) breaking
phase space: As parameterize p  EM Formm-factor comecion for
e ] .
evdlUtion in ¢ long-distance EM effedts

" Ko Only A, for 47 47
" KgpiMeed 4, and 4




Evolution of Experimal Input...

BR(K ;) [%] BR(K ;) [%]

K e 7

PDG 04

PDG 08
FlaviaNet '10

L1 11 1
27 275

BR(K,,) [%] BR(K,,) [%]
K:l: I||||3|||I |||||||‘£Il3|||||||

PDG 04

PDG 08
FlaviaNet '10

1
12.35 12.4




...and of the theoretical one f,(0)

095 096 097 0088 099 1.00

RBC/UKQCD 10
RBC/UKQCD 07

our estimate for Nf =2+17

ETM 10D
ETM 09A
QCDSF 07
RBC 06
JLQCD 05

our estimate for Nf =2

Kastner 08
Cirigliano 05
Jamin 04
Bijnens 03

LR 84

095 096 097 098 099 1.00

The Cabibbo angle can be precisely determined (~0.4%)!




CP-Violation in Kaons

® Neutral Kaon Mixing (n, semi-leptonic)

szzm rn\il A * 2 * 2
el —E D B 6 s(x,) Im(V.VC f +7,806) Im{V,V; )
12v27°Am,

cs ' cd

+ 21,8 (%, x) IV VoV, Vs )

cs' cd

& |=(2.233 £0.015)x10"°

@ Neutral Kaon Decays into nnt PDG Average

/

Ref =(1.67+0.23)x10°°

/

Re < oc Im(V,,V.)

E

E

0 + - w0 + -
Direct CP-Violation [(K >z 7)2I(K >7'77)

Decisive Experiments: NA48 & KTeV
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One (of the six) Unitarity
Relations

thVt; +VchcE +VuquZ =0

16



Constraints (examples)

b—-u/b> c IVyp 2 /Iy |2
A Mgy IVial® (fagBga)?
Amgy [ A Mg IVig / Vis > (feqBgg /fasBas )?

(see before)

IM(Vig V¥l 2

17



B mesons: Time dependent
CP-Asymmetry

Tagging Side

Courtesy by Markus Roehrken Az = g~eAt,  {(|Az]) = 200 jom

T(M° > f)-T(M°— f)
T(M° > £)+T(M° - f)

Ace

=sin(2¥)sin(Amt) For

18



Most recent determination of
sin(2¢,)=sin(2p3): Belle

Belle's update on full dataset (preliminary):

w
[=]
(=]
(=]

| N___=15600 ,‘ B — J/yKS B — J/IYK} B — 9(2S)K3
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v
=]
g

Pl
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At (ps)
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.2 5.22 5.24 526 528 5.
M, (GeVic?)

B® — J/pK?

[3,[=]

(3]

(=]

(=]

o
Asymmetry
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N_ _=10000

signal
+ data
O JPK,

-
(=]
(=]
o

w
(=]
[=]
o

=3 JPK X BG, 6 - 6420246
K detected Ps)

w J/APX BG

= combinatorial BG

counts / 50 MeV/c
S

: , Belle with 772x10° BB:
00.20.40.[-‘.-('].8 112141618 2 ‘A - 0007 :l: 0'016 (Stat) :I: 0'013 (SySt)

Py (GeVI) sin (2¢1) = 0.668 £ 0.023 +0.013

preliminary

Current world's most precise measurement of ®,

Courtesy by Markus Roehrken, Beauty 2011




Time-Dependent CP-Asymmetry
inb—ccs

L L
SlH(ZB) — Sll’l(2¢’1) %
PRELIMINARY
BaBar 0.687 + 0.028 % 0.012
PRD 79 (2009) 072009 i
BaBar 1., Ka 0.690 + 0.520 + 0.040 1 0.070
PRD 80 (2009) 112001 '

BaBar J/y (hadronic) Kg ﬁ 1.560 + 0.420 i 0.210
PRD 69 (2004) 052001 : :

Belle 0.668 + 0.023 £ 0.013
Moriond EW 2011 preliminary | :

Average 0.678 + 0.020
HFAG :




Sin2p¢" from

Determinations of sin2f3
from modes other than
charmonium can be affected
by New Physics
Contributions via Penguin
(loop) diagrams

Naive average (use with
extreme caution!)
consistent to the

b— cc s determination

A=0.04 +0.04

“Penguins”

in (2 Beff) .

VVorkiAvPragP s :_ ]
| ' 0.26+0.26+ 0.03

. BaBar !
Belle
BaBar
. Belle
. BaBar
 Belle
BaBar !
Belle :
’ BaBar
Belle :
BaBar
Belle
» BaBar
Belle
BaBar :
BaBar ;
BaBa+‘—:—~—1
BaBar

in(2;") EEXE

PRELIMINARY
U 68 + 0.02

, 0.90 *5%a
' 0.57 +0.08 + 0.02
' 0.64+0.10 + 0.04
‘. 0.90 ‘0800
' 0.30+0.32+0.08
' 0.55+0.20 +0.03
{ 0.67 +0.31 +0.08

+0.06 +0.03

- 0.55 "~L+ D 02
} 0.11+0.46 £0.07

031;031iuu5+00q
HﬂéOESiUﬂBiDﬂS

21



Constraints on the rho eta plane

excluded area has CL > 0.95 ' %’g P D G 20 12
; e
' e

sol. w/cos 23 <0
(excl. atCL > 0.95)

The unique measure of CP-Violation in the SM is the

area of the Unitarity Triangle (Jarlskog invariant J) J = (2_96 +0-20) x10 =

—-0.16

22



Masiero’s glass: New Physics
generically entails new Sources of
CP-violation

® The stringent limits from ® Departure from the SM

FCNC are a threat to predictions — Possible
New Physics Searches hints of New Physics
Half Empty Glass... ....Half Full !

Are there any “hints” of deviation from the CKM description of quark mixing?

23



Time dependent CP-Asymmetries
in B,

b __VY_ ds K% VigVg ~ € P
Bdo t t // C
-_V;/_ b c YW Large CP asymmetry in SM (B=¢,)
d
b W °
S ) ¢
V, V* . ~ real B> |t [
ts V ts - C

Very small CP asymmetry expected in SM

24



Important new input: LHCb@LHC

—}— aata
— i, component
— data LHCb Preliminary LHCb Preliminary

—— sig. component

CR-EVEn 8 Q. COmponent
— — cp-0dd sig. component

SANAVE COMm ponen
—— bkg. component
——— bkyg. component

complebe pdl

Events /0.2 ps

10°

5300 5350 5400 5450 .
B, mass [MeV] Decay time t [ps]

1fbt Peter Clark @ Moriond EW 2012



CP-Asymmetry in B.— J/y ¢

¢ Standard Model

— 68%CL ) s ) fb
TTT9smCL ] LHCb 03fb

LHChb  1fb”

¢, =-0.002 + 0.083(stat.) +0.027(syst.) rad

Presented by Peter Clark @ Moriond EW 2012



CP-Violating muon charge
Asymmetry (I)

I'B—>B—>u'X)-T(B>B—>uX) .,
I'(B—>B—>uX)+I'(B—>B —>u X) °

Two independent methods
To measure the asymmetry

DO: PRL, 081801 (2010)

27



CP-Violating muon charge
asymmetry (1)

EDO A,

. Standard Model
~— B Factory W.A. *
MDA B D, uX

. Preliminary

Combination

-0.04-0.03-0.02-0.01 0 0.01 ’
asl

Mark Williams FPCP 2011



CP Violation in charm?

CP violation contributions:

Direct contribution - in decay

Indirect contributions - in mixing and in interference
In the SM CP violation is conserved to first approximation
(dominance of 2generations)
New Physics can enhance CP violating observables
Cabibbo-favoured modes not interesting

Tree-level SM contribution swamps everything else
Singly-Cabibbo-suppressed modes with gluonic penguin
diagrams very promising
Interference between Tree and Penguin can generate direct
CP asymmetries

Several classes of NP can contribute

but also non-negligible SM contribution

(b) Penguin diagram.

(a) Tree diagram.




Measurement of

LHCb & CDF: Aa_, (Do—k-k* - DO—nn*)

arxiv:1112:09838 Time integrated asymmetry:

fis the finale state K*K- or n*r

Both direct and indirect CPV
contributions
h-
The DO flavour is determined by De decay vertex
the charge sign of the slow pion
from the D* decay

30



CPV in charm

N(D" = D'(f)a!) -N(D"” =D°(f)x))

ARAw('F)mr = Agp(F) + Ap(f) + Ap(m) + A(D™)

e N
Physics CP asymmetry Production asymmetry

Detection asymmetry of D° and of slow pion

ARAW (f )* =

i

1'Ii_lxﬁ--'-‘l “'{‘K _K * } - 141{_4 “.-'{:JI_H-'- } * = ‘4[_’}1 {K _K * } = l'iicp {n_ﬂ-‘- } - A-t":lcp

HCP 2011: LHCD, 620 pb-!: first evidence (3.5 ¢) of CPV in charm:

AAg = Amp(K'K™) - A () = (-082+021+0.11)%

LHCb, PRL 108 (2012) 11602

Moriond 2012: CDF, 9.6 fbl, confirms this result

=AL(K'K)-A (') = (-0.62+0.21 +0.10)

CDF, PRD 85 (2012) 012009




Q
<

No CP violation
P-value = 8.04x10°

2-gsm 68.279% Cl
2-gam 95.45% CL
2-0sm 99.73% CL
—pe 1 - 68.2756 CL

n charm: state of the art

CDF preliminary

|

AA ., CDF
—— AA._-’.,, BaBar
i AA . Belle
. AA L LHCD

A BaBanr

A - Belle

A, LHCDb

32



CPV in charm: SM or NP?

Generically parametrically suppressed in SM

e in mixing it enters as | O(VeoVur/VesVaus) ~ 107

® dlreCt CPV ].n SCS as O([‘/cbvub/vcsvus]as/ﬂ) o 10_4

...could be enhanced by SM penguins and
corrections

e.g. Brod, Grossman, Kagan, Zupan
(arXiv:1203.6659)

more channels to be studied (charm three
body decays...)

33



{1
Vub

tension”

Charmless b decays — first evidence of mixing
between first and third generation (Argus & CLEO,
1990)

As we saw, V Is an important constraint to the CKM
fits

In addition, it’s value is needed to fix the SM
expectation for B(B*— t* v) which, beyond SM, is
sensitive to contributions coming from charged
Higgs exchanges

Big effort to bring theoretical errors under control

Big experimental effort to reduce background (Full
reconstruction methods etc.)

There is a persisting tension between the exclusive
and inclusive determinations



V,, “tension”

As summarized by Guido Altarelli at FPCP 2011

Vpincl = 4.35+0.18+0.23 Bernlocher
V pexcl = 3.25+0.12+0.28

V pincl- V excl = 1.10 £0.42 260

| think that this “tension” is due to the fact that over the last
30 years hundreds of theory papers have been devoted

to the determination of Vub: each author claiming that

his work led to a decrease of the theor. error




Bt—> 1tV

In the SM it measures the combination f,|V,,|

G-mg

37

B(B—/v)=

Using V, , as external input, the decay can be used to determine the
B meson decay constant f; and compare it to the lattice QCD value

(e.g. fz= 190 £13MeV (HPQCD collaboration arXiv:0902.1815v?2)

Helicity suppressed in the SM, sensitive to Charged Higgs
mass in SM extensions

36



B Factories: B"— 17 v | EEEEES
No kinematic constraints, many neutrinos! ) ;

Belle Semi Leptonic tags PRD 82 071101 R (2010)

Tv total

% 02505075 1
Egc, (GeV) (a)

BABAR

preliminary

02505 0.75 1
E., (GEV)

HFAG Average: B(B*—> ttv)=(1.64 £ 0.34) x10*4



Bt— 1t v and CKM fits

www.utfit.org ckmfitter.in2p3.fr
x HFAG

&
1
0
i
&,
S

BR(B — 1v)

15 2 25 3 35
BR(B—1v)

As shown by G. De Nardo at FPCP 2011



V,, & RH currents?

|Vub| extracted
from UT fit

-15% admixture of a
right-handed current

Crivellin (2009);
see also: Buras, Gemmiler (2011)

|Vub| extracted from leptonic
B—T1v decay

-« |Vub| extracted from inclusive
semileptonic B—Xulv decays

3 Re[ Vi /VE ]

~_ |Vub| extracted from exclusive
semileptonic B—rilv decay




2

NK* — eiz.f} 12 [/ m?2 m' ,_ I,
Y ) e I . {1 0 "-.)R-II;’LLLCUH'_}

SM
R SM = (2.477+0.001)x1075
Cirigliano & Rosell PRL 99 (2007) 231801
BSM, e.g. Masiero, Paradisi Petronzio
PRD 74 (2006) 011701,
LFV

JHEP 0811 (2008) 042

Example:

(Ar5=5x10-%, tanp=40, M,=500 GeV/c?)
R MSSM = R SM(1+0.013).

40



NAG2: Ry full data set
Published (40% sample
R¢ = (2.488 % 0.007,, + 0.007,,) x 10-5 CERN-PH-EP-2011-004,

arXiv:1101.4805,

Ry =(2.487 £ 0.010) x 10> PLB B698 (2011) 105

B K*—etvy (SDY) |
Il Beam halo i
[ ] K *snetv

- Kt _).ni.no

0
Lepton momentum, GeV/c -0.06 -0.04 -002 0 0.02 0.04 0.06
MZ._.(e), (GeV/c?)

Errors in momentum bins

are partially correlated

Angela Romano, La Thuile 2012



Ry world average

2HDM-II
R, =2.487(12)x10

Heard et al. (1975)

Heintze et al. (1976)

KLOE (2009)
= PDG 2010

Direct searches (LEP)

NA62 (2011)

full data set Rk: 95% CL exclusion
m oA=1x10"°
B A,=5x10"
B A.=1x10"

% 0.1 02 03 04 05 06 07 08 09 1
H* mass, TeV/c?

World average OR, Precision Other limits on 2HDM-II:
PDG 2008 2.447+0.109 4.5% PRD 82 (2010) 073012

SM with 4 generations:

Today 2.488+0.009 0.4% JHEP 1007 (2010) 006.




A. Buras list of Flavour Superstars

Superstars of 2011 - 2015
(Flavour Physics)

from Tree
Level
Decays

T — 3 leptons *) Direct.2P in

K —nn




Strategies for Indirect NP
Searches

Improve meaurement precision of CKM
elements

Compare measurements of the same quantities
which may or may not be sensitive to new physics

Extract all CKM angles and sides in many different
ways - inconsistencies would signal NP

Measure Flavour Changing Neutral Currents
(FCNC) processes where the SM contributions
are suppressed

—e.g. OPE expansion for b—s transitions:

Tree

Gluon penguin

Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin

R

H = _fv Vtsz[ C O, (w) + C;(H)OI ()

2

6,8

1 left-handed part right -handed part
. suppressed in SM
—New Physics may

1,
3
9,10
S
P

[ R O S S g

« modity C.O short-distance Wilson coetficients

+ add new long-distance operators O,




B— K¥prp~

FCNC Forbidden at tree level
NP can modify the helicity structure (angular resolution)




Partial BF and angular observables have been measured by Babar, Belle, CDF and LHCb:
all show good agreement with SM predictions (within the uncertainties)

Differential BR mmTheory W Binned theory

15 -.-LHCb +CDF -.'BELLE -'-BaBar
’ i i —-|HCbh ——CDF

K* longitudinal polarization

I Theory WM Binned theory

—E-BELLE -'- BaBar

LHCb

Preliminary
038

06
0.4
0.2

dBFidg? [107 x cMGeV?
[
L] U-I L]

LHCb ]
Preliminary

C 2 M " L [ L 2 L
0 5 20
q 2 [GeV2/cY

0....I....

] 15 — 20
¢ [Ge Ve

Babar: S. Akar, Lake Louise 2012 Forward-backward asymmetry
Belle: Phys. Rev. Lett. 103, 171801 (2009) W Theory MENBinned theory
—-HCh —+—CDF -I-BELLE = BaBar

CDF: Phys. Rev. Lett. 108, 081807 (2012) U T

LHCb: LHCb-CONF-2012-008

Theory predictions:
C. Bobeth, G. Hiller, D. van Dyk, JHEP 07 067 (2011)

m
i
<

Ppes

Tensions™ seen by others
in region 1 < ¢ <6 GeV?3/c*

LHCb {
Preliminary

not confirmed by LHCb

As presented by G. Lanfranchi (Blois 2012)

15 20
¢ [GeV2icY

Detailed presentation M. Patel CERN seminar, May 8, 2012

g2= invariant
di-leptons mass

33




Bd,so - Wu‘

Exploratory decay
sensitive to non-standard
Higgs(es)

Limit @95%CL L
[fb1]
Intervals at 95% CL for BR(B,— u* w)

m,m, tan® -
B DO (PLB 693 2010 539) DO: <51x10° 6.1

M,

(Csp ) o (

)2

CDF (H. Miyake, La Thuile 2012) | CDF: [0.8.34]x10?° 10

Clean Signature at ATLAS (arXiv:1204.0735)
hadronic colliders L CMS (arXiv:1203.3976)

ATLAS:<22x10° 2.4

CMS: <7.7x10° 49

LHCb (arXiv:1203.4493)

LHCb: <45x10° 1

5.
BR(B,— u* 1) (10°)




LHCb & CMS: B, ° — ptpu-

CMS, 5 ' CcMS, 5"

Barrel

LHCb LHCb
BDT=0.5 BDT=>0.5

Blopty

[=1)

Candidates / 0.010 GeV
Candidates / 0.010 GeV

f -9

Events per 24 MeV/c?

S Y S
52 54 56 658 52 54 656 658
m,, [GeV] m, . [GeV]

0
5350 5400 5250 5300

m,, (MeV/c?) m,, (MeV/c?)

Barrel

. BY signal window

Mode Limit

Candidates / 0,025 GeV
Candidates / 0.025 GeV

B? — utp~ Exp. bkg+SM 6.:
Exp. bkg :
Observed

BY — utpu~ Exp. bkg
Observed

x 1077 (6.4 x 1077)
H{:B‘j — utu) < 1.8 x 10-° (1.4 x 10_9:]

LHCD




Ultra-rare K Decays

Decay Branching Ratio (x10™)
Theory(SM) Experiment

K* = z'vir(y) 085+ 0.07™ g
K® — 2% 0.26+0.04% <260 (90% CL)™

[1] J.Brod, M.Gorbahn, PRD78, arXiv:0805.4119
[2] AGS-E787/E949 PRL101, arXiv:0808.2459
[3] M. Gorbahn

[4] KEK-E391a arXiv:0911.4789v1

New experiments under
construction:

KOTO JPARC: KO, — 10 v v
NA62 CERN: K* — 1 v v

49



Kaon Rare Decays and NP

C. The Z penguin (and its associated W box)
- SU(2), breaking: SM :v2Y,2Y.)' ~mlV,V,,
MSSM :viAZIA — m? xO(1)?
MFYV : VSA;ZA;] = mfv,‘;v,(, |Aya; —cot Bu|”.

Vs

d, - Relatively slow decoupling (w.r.t. boxes or tree).

Isidori,Mescia,Paradisi, Trine,C.S. ‘06
I ! [ A

4
1 3

Luras:Ewerth.Jager. Rosiek 04

10
10

u tonﬁ=2,,"'

—~
Y
A
o
[
)
g
f—
e
m

" 90%CL exp. bound

I'susy /I'sm

LA ST TSR 1 T WA T,

6 7 é 9 U U
Br(K*—=>n*wy) - lA1or 1AS;1(GeV)

(courtesy by Christopher Smith)




K" 27 vv in SM

BR=BR(K*—> n*vv)
o BR(SM) = (8.5 £ 0.7) x

J. Brod, M. Gorbahn

~(B R )1/2
Vil

(0,0) (1,0) P,

p
5 Vil / Vgl =0.4 8 PP, @ 0.75BR/BR @8 |Vy|/ [V

~2 % (mostly d m,) 3%
7% aim of NAG62 (2y)



NAG2 Sensitivity

Decay Mode Events

Signal: K*—=n*vv [ flux = 4.8x10" decay/year]

K*>nn® [1,,=2x10%(3.5x10%) ]
K= ptv
Kr— e v

Other 3 — track decays

K= mnnhy

K= pvy
K+—e+(u*) n'v, others negligible

Expected background <13.5% (=17%)




Future Projects

e*e Super-Flavour Factories
Italian SuperB
Japanese KEK/Belle Il

LHCDb Upgrade
Fermilab Project X
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Summary of Lecture 1

There has been significant progress during the past
decade in flavour physics

So far all manifestations of CP violation are
consistent with “just” one complex phase in the CKM
guark mixing matrix

We are moving towards very quantitative SM tests

Flavour is at the heart of particle physics. There is a
strong programme to continue the search for CP-
Violation and FCNC beyond the SM. A fully
complementary approach to the searches for new
phenomena performed at the energy frontier

The next lecture will focus on some of the detector
technigues required to advance the frontier of very
rare processes
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0.02

Fit 2

Kta—

41.37330 43.8 +26.4 (b)
Stat.  (2.76) (1.36) (18.8) (22.4) Stat.




KEKB/Belle status: official statement

,#AS IS now well known, Japan suffered a terrible earthquake and tsunami on
March 11, which has caused tremendous damage, especially in the Tohoku
area. Fortunately, all KEK personnel and users are safe and accounted for.

The injection linac did suffer significant but manageable damage, and
repairs are underway. The damage to the KEKB main rings appears to be
less serious, though non-negligible. No serious damage has been reported
so far at Belle. Further investigation is necessary.

We would like to convey our deep appreciation to everyone for your
generous expressions of concern and encouragement.”

As reported by Peter Krizan at the SuperB workshop, May 2011



Other Kaon measurements

- 0 i . . .
K™ — 7 u'v (Transverse Polarization -T violation)

K™ > ev/K™ — u'v (Umversality, LEV, Pseudoscalars...)
K™ — v, (Heavy neutrmos)

K]} — 7’ee/ 7°puu (CP Violation)

K,;.K* > LFV eg. K, —> ue

K° Interferometry (Plank scale physics)

K — 7lv ... (Umversality, Chiral PT)




NAG62 Gigatracker: Test Beam Results

Time resolution GTK1 (¢ of gaussian fit)

300

Albeit only 6% of the incoming particles
are kaons, all of them (~ 1 GHz) have
to be tracked

Material budget ~0.5% X, per station 200f
Time resolution < 200 ps / station 80|

Silicon micro-pixels with ultra-fast ASIC :Z
front end with DLL TDC 120

Prototypes beam tested at CERN PS e 5% 635 a0 a5

Pixel number

280

260

240

220

Time resolution [ps]



7\

Wi measures the sides
and angles of the
Unitarity Triangle (UT)
Many measurements
constrain the sides and
angles of the UT: the
SM predicts that all
measurements
“intersect” at apex of
the triangle

When NP is present,
the measurements do
not yield a unigue apex,
but you need the high
precision of a Super
Flavour Factory.

Adapted from M. Giorgi



- NA62 Schedule

Technical
2011 Run

J FMAMIJ J A S OND|J FMAMIJ J A S OND

Beam Installation
Cedar Vessel | [Nose
ASIC Design ‘ Prod. Bond. + Ass.
|
GTK Read-Out Board Test
Cooling Studies Cooling Design Cool. Constr. + Test
I
LAY 1-5 LAV 6-8 LAV 9-11 L12
Photon Veto ’ ’ I ’
M3-5 | [IM1+2 Install M6-8 Install M9-11
|
Construction Vessel | | Install. |‘
RICH |
Beam pipe Install.
|
tr. : Construction Mod. 3,5+7
STRAW Constr. Mod. 1 |€p | @
Install.
MUV MUV 1,2 +3
RUN Tech. Run
[ Construction | Note: not all milestones are shown on this planning

Installation
Milestones 61



SuperKEKB/Belle Il

fr - r r ala r ———)
FY2009 FY2010 FY2011 FY2012 FY2013 FY2014
13 — = — — — e}

Al gallery
extension

Design stud | —
9 Y Commissioning at test stand

-

.
Building DR \
construction commissioning /

—
Mass Fabrication ) Installation J
N |

Tunnel construction

‘L F1s i o e Fi .
| & r Tr r qr r

Building construction

Mass Fabrication

")
MR \
commissioning /

. - |
Installation

(L b BEAST I —

Mass Production

Construction

Installation (KLM) Installation (E-cap)

Belle roll-out Installation

(Barrel)

in Dec. 2010




Neutral Meson Mixing

CP violation in decay is defined by
A /Af|=1.

In charged meson decays, where mixing effects are

absent, this is the only possible source of CP
asymmetries:

A

f+ = [(M- — f=) = [(M+ — f+)
M(M-— f-) + [(M+ — f+)
|Af~/Af+]2 - 1

IAF—/Af+[2 + 1



Measurement of @ /8

BaBar's last update on full dataset:

[
=

Events / 2 MeV/c?

N__ = 5800
zigns
n . =il
B — _Uqlh[_

-
-
“
k1
]
-
&
=
Iz
=8
P
-
=
2
= 4
o
'Tj'l
P
2
j-u
T
z
=

BaBar with 465x10° BB: PR 79,072009 (2009

A =—0.024 =+ 0.020 (stat) + 0.016 (syst)
sin (2¢1) = 0.687 £ 0.028 + 0.012




Thallium
neutron

-1 -0.75 -0.5 -0.25 ] 0.25 05 075 1

Buras, Isidori, Paradisi arXiv:1 007.5293\4,-.;.




Same motivation for FCNC B and K programs

- ~ 42 ~ 43 ~ 43
B mesons: V ~ A< or Vg~ A°0or V,,~ 4

Kaons: V. *Vy ~ A2°

Generic couplings: Kaons win, flavor specific: need both



NA62 Beam & Detectors M‘EZQ

SPS primary p: 400 GeV/c INFN

Unsepared beam: LAV:

* 75 GeV/c Large Angle Photon Veto SAV

+ 750 MHz CERN small Angle Veto
o t/K/p (~6% K*) Beam Line + Infra.

CHOD
Charged
Hodoscope

CHANTI

L T L T
Measure Kaon:

*Time \ J
-Angles Y Straw

W\ -Momentum Decay Region 65m Tracker

Belgium |
Total Length 270m

Gigatracker’(GTK)
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NA62 Technique: Decay in Flight

mriiss — (EK - 5;;)2

Unconstraint Decays

~92% of
Kaon decays

Arbitrary Units
Arbitrary Units

01 0.15 -0.15 -0. -0. . . 0.15
mZ,,, GeVZc* m2,.. GeVic*

miss




_ Variety of measurementsfor any observable

Observable B Factories (2 ab™") SuperB (75 ab™") M Observable B Factories (2 ab™') SuperB (75 ak
sin(28) (J/«4 K°) 0.018 0.005 (1) |
cos(28) (J/¢ K*°) 0.30 0.05 | 'i B(B — 7v) ?0% 4% (1)
sin(28) (Dh°) 0.10 0.02 '_B(B — _lw) visible 5%
cos(28) (DY) 0.20 0.04 5B - Drv) 10% 2%
S(J/ ) 0.10 0.02
S(D+tD™) 0.20 0.03 B(B — pv) 15% 3% (1)
a (B — ) ~ 16° 3° B(B . w’}f) 20% 50,
a (B — pp) ~ 700 1—200 (%) Acr(B — K*) 0.007 (1) 0.004 (t %)
Z Ei;bii?i) 1162 1_220 %) Acp(B — pv) ~0.20 0.05

| Acp(b — s7) 0.012 (1) 0.004 (1)
Acp(b — (s + d)y) 0.03 0.006 (1)

v (B — DK, D — CP eigenstates) ~ 15° 2.5° I
~v (B — DK, D — suppressed states) ~ 12° 2.0° ‘"i

00 P .)

~v (B — DK, D — multibody states) ~ 9° 1.5° ‘ IS(RHW r}) 0.15 0.02 (*)
0., :

~v (B — DK, combined) ~ 6° 1_9° J S{(p"™) possible 0.10

‘..-‘_‘,-’(.D-_- f,"‘l:..-| ny

Acp(B — K*20) 7% 1%
S(QS,KDU) AFE(B — K*ed)s, 25%, 9%
EEnKE{K)E o T ’!AF B(B — X t8)sg 33% 5%
sy dB(B — Kvp) vigible 20%
S(w;{g) lB(B — wwD) - possible

S(foK3)

IVial (oxclipaye
IVl Gnehosy

V..l (exclusive)

IV, (inclosan




| physics (polarized beams) Charm at Y(4S) and threshold

Process Sensitivity Observable B Factories

v T

2 x107° _
Blr - puup) 2x10710 | :
B(r — eee) 2x1071°

4x1071° D°— Kt~

—10
6 x 10 D' = KtK~

_ D__‘_ rD';‘T+, —
2 x 10710 D= Kgrm

To be evaluated
at LHCbh

Channel Sensitivity
[D° - ete=, DO — ptp— 1% 1078 |
DY — qpPete—, DO — nPuty 2% 1078
D s qpete, D = qutu~ 3x107®
D — Klete , D — Klutp~ 3x 108
Dt — mrtete™, DY - wtptu Lx10-8

Observable Error with 1 ab™'  Error with 30 ab™*
AT 0.16 ps—! 0.03 ps~! |
r 0.07 ps~? 0.01 ps |
8. from angular analysis 20° 8° |
0.006 0.004
0.004 0.004 |

DP — etpuT 1x10-8

- <ol | Dt — atetu™ 1x 1078
|Via/ Vi 0.08 0.017 D0 e 7
B(B; = 717) 38% % DY — getu™ 3x 1078
B from J/¢¢é _ L b DY - Kle*uT 3x 10°8
4. from B, - K°K"° 24° 11°

Dt — metet, DY - K-etet 1x10-8
Dt — rptpt DT — K-ptpt 1% 1078
DY — retu® DY o K ety 1x10°8




on with Belle

Belle Il

er conducting coil

B o R R R
e LA R

Csl 1588

Barrel PID

PXD(2 layers)
570 -

@®

cell Qﬁamher

L o

TSVD P

'IP Chamber

B00(Cryostat) .

I

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs

CDC: small cell, long lever arm

ACC+TOF - TOP+A-RICH
ECL: waveform sampling, pure Csl for end-caps
KLM: RPC — Scintillator +SiPM (end-caps)




1st 2nd 3rd generation at BNL

= 7 event data sample TrTo>ut—>e”

Decay Sequence
4th Generation Detector
MACNET — ~ BARREL + VETO
e RANCE STACK
/— I-COUNTER

_—END CAP 7 VETO

COLLAR COUNTER —~_ : _— BEAM VETO
\ o |

HOLE COUNTER —__

BEAM »

CERENKOV COUNTER —

: i
\ \ |
BEAM CHAMBER 1~ ; ' \ \\ “— MICROCOLLAR

’

BEAM CHAMBER 2 — \\ \_ COLLAR VETO
\\

ACTIVE DECRADER —~ / N\ N V-COUNTER

i \ N\,
END CAP © VETO E 3 N N-TURCET
N

N
N~ DRIFT CHAMBER

Can get hundreds of evts per year
starting with beam from Main Injector - /o
and continuing with Project X Tine o e s




October 2010:

enoineering run with 1774 crystals

KOTO calorimeter:

Complete stacking
2011.Feb.08 16:30

May 23-27, 2011

Courtesy of Tadashi Nomura (FPCP 2011)
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LHCb Upgrade (Letter of Intent)

CERN/LHCC 2011-001, March 2011

LHCb expects to accumulate 5 fb! in the
years up to 2017

Then plans to upgrade to collet 5 fb-! per year
Not limited by LHC luminosity

Main Motivations:
Precise measurement of the B oscillation phase
Analysis of B — V V decays
~1 deg determination of gamma angle

Make precision measurement of B,— p* u~ and
extend to By — put p-

Exploit the NP sensitivity of the full kinematic
distribution in By — K% p* -
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Belle I
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15 countries, ~60 institutions

Courtesy of Peter Krizan




Fermilab Intensity Frontier: Project X

g-2, LEDM <€ D

Recycler / LBNE

Main Injector

Short baseline v experiments 120 GeV

~3 MW high duty factor
@ 3 GeV

| H- Source 2 3 GeV, 1.0 mA CW Linac

>
1 GeV available
uN—eN
Rare isotopes, EDMs €— ?w"',;;’ &5‘3 uEDM
Nuclear ,;:st Muons H +—>eY, ee?
ure—u-e

Kaons




3 GeV Protons |
[ = | ]
o

40 ns

' Pointing

Pencill :
beam K}

Kaons K

\[\\_ Plus alot more

|
\
|

~ 40 ns

s ‘

200 evt/yr possible with
Project X




REVOZY
19=f FR=Z010
2:38gm
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Future Super B Factories
C swes swerkeks

PEELS >10% 0.8 x 10%
Luminosity
InliEgEe 75 abl 50 ab
Luminosity
Site Green Field KEKB Laboratory
Collisions mid 2016 2015
Polarization 80% electron beam No
— cNergy 10 @ charm threshold No
running
Approval
Status Approved Approved

79 Courtesy of Marcello Giorgi



Example: ; — ==

Rate modified by presence of H*

— $SM+NP
r, = MNP

2HDM-II

B 75ab-
E 2ab-1
LEP m_>79.3 GeV

==+ ATLAS 30fb™1

Low tanp
excluded by
b->sy

¥



JPARC Flavour Programme

Im(V,

K 0. - I’;{ ' i \ 2
KOL —> TCO \YAY (KOTO) B(K, —>J‘[1/1/):KL[ /F ])A,J

= (243730 £0.06)x107"

T-Violation Search in K* — 7% p* v
u transverse polarization (TREK):
aim to 8(P+)(stat)~104, 5(P;)(syst)~104
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KOTO Sensitivity and timeline

Note: As is considered before the earthquake. Will be updated.

® Goal: ~3 SM events / 3 yeats BR”
with S/N ratio ~ 2 105 _|

X assuming design MR power ~270kW |06

|0-7
coaeLeteDd | * 2009 Beamline survey G-N limit

: i 30kWx |08
partialLLY = 2010 Calorimeter engineering 1month

= 2011 Full engineering and =V 107
Start physics run 10-10
> 19 milestone:

~1YEAR DELAY * GI‘OSSII?QH-]VI'I‘ ll'InI’t /7)/ SUumnier 012 J
UNDER DISCUSSION E

gt
[ iz

Next step depends on scenario
of accelerator’s power upgrade.

May 23-27, 2011 T. Nomura (KEK), FPCP 2011 - Maale Hachamisha, Israel




S IN FLIGHT

NA48 Liquid Krypton Calorimeter
as photon veto

CERN SPS primary p: 400 GeV/c
Unsepared beam:
« 75 GeV/c

« 750 MHz

* t/K/p (~6% K*)

*Most photon vetoes and trackers operated
inside the vacuum decay tank

*17 m long RICH for w/u separation
*High resolution Hermetic detector
»~100 ps time resolution to

correlate the beam K* to the decay ©*


https://sites.google.com/site/paolovalente1969/principale/scientific-activities/current-activities/na62lav.png?attredirects=0

