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Outline

Part 1: Introduction to Flavour Physics
*  What is flavour physics & why is it interesting?
*  Brief history of discovery in flavour physics
*  CKM mechanism and Unitarity Triangle (UT)
*  B-physics Experiments

Part 2: CP violation & CKM measurements (Triumphs of the SM)
*  Meson-antimeson oscillations
* Introduction to CP violation
*  Measurement of UT angles
*  Measurement of UT sides

Part 3: Search for New Physics
* Radiative Decays
e Tauonic Decays
*  Purely Leptonic Decays

Part 4: The future
*  What do we hope to learn from current experiments
* The future of flavour physics
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Searches for New Phenomena

SM

e Energy Frontier: Production of
new particles from collisions at
high-Energy (LHC)

e Limited by Beam Energy

e Flavour Frontier: virtual
production of new particles to
probe energies beyond the energy
frontier.

e Often first clues about new
phenomena, e.g. weak force,
c, b, t quarks, Higgs boson.

e High precision required: very
tiny effects

BND School, B physics & CP Violation Phillip URQUIJO
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Searches for New Phenomena

SM NP

e Energy Frontier: Production of
new particles from collisions at
high-Energy (LHC)

e Limited by Beam Energy

Heisenberg’
Uncertainty Principle
AE At = h/28

e Flavour Frontier: virtual i.e. Am At = h/2
production of new particles to
probe energies beyond the energy
frontier.

e Often first clues about new
phenomena, e.g. weak force,
c, b, t quarks, Higgs boson.

e High precision required: very
tiny effects
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Searches for New Phenomena

SM NP

e Energy Frontier: Production of
new particles from collisions at
high-Energy (LHC)

e Limited by Beam Energy

Heisenberg’s
Uncertainty Principlegs
AE At = h/25

e Flavour Frontier: virtual i.e. Am At = h/2
production of new particles to
probe energies beyond the energy

frontier.
e Often first clues about new
phenomena, e.g. weak force, Highly virtual, thus
c, b, t quarks, Higgs boson. probabilities small _ -
e High precision required: very -
tiny effects SM_ 7 \__sM
NP .
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Searches for New Phenomena

e Energy Frontier: Production of
new particles from collisions at > |
high-Energy (LHC) ;2"1025
e Limited by Beam Energy 7

Belle |l

S5
e Flavour Frontier: virtual E‘ Ué .
production of new particles to S 5 Energy Frentier LHC
probe energies beyond the energy ¢ £ _“"‘_&_
frontier. o, e Tevatron
e Often first clues about new s e ¥
ohenomena, e.g. weak force, Z £ &, W
¢, b, t quarks, Higgs boson. Strength of coupling to w/#"
e High precision required: very New Phenomena
tiny effects
BND School, B physics & CP Violation Phillip URQUIJO 3 .,.vn-l,q;mx;:tm'n]
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Flavour as a high mass probe

Bounds from Mixing and some CP observables

10° -

AUV [TGV]

(s — d) (b — d)

Generic bounds without a flavor symmetry

BND School, B physics & CP Violation

(b—s) (c — u)
Ampg, ex Amg, sin28  Amg, A%, D-D

Phillip URQUIJO

® Ways out

1. New particles have
large masses >> 1
TeV

. New particles have
degenerate masses

. Mixing angles in the

new sector are small,
same as in SM (MFV)

4. The above already

implies strong
constraints on NP

4 .,.Hl'u':ff‘_:lf.ibeﬂﬂI
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New Phenomena DNA

® Different models predict different sets of quantum numbers/masses/
couplings.

Analyse meson (bound g anti-q pair) & lepton decays in a variety of
signatures. e.q.

Precision tests of quark
interactions

New Physics Flavour Changing Neutral
“DNA Chip” Current Interactions

b ™
t/t 2/2"
w+/H+:
d's T_'u_'e_

Search for lepton flavour
violation (neutrino mass...)

b l=e,p, T !>s5>r“ Y
Vub W+/H+ =
’d
[ \

l=e,

W+/H+ ~ Vv
/
Ll Vub' > ’

New Phenomena in rare
decay processes

Test Analyses

u \V ¥ \ > ! e

v ;
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Flavour Phenomenology

® Much recent activity on a variety of models including:
® SUSY models (MSSM, CMSSM, BMSSM, ....)
® SUSY-GUTs
® Extra dimensions (UED, RS...)
® Extended Higgs sectors
® A 4th generation of quarks/leptons
® New gauge bosons W’, Z’

® Models featuring a warped extra dimension (Randall-
Sundrum) offer a simultaneous geometrical solution to the
hierarchy and flavour problems

BND School, B physics & CP Violation Phillip URQUIJO 6 .‘,”.‘;:._.‘ifb'on;‘
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UT (CP violation) and New Physics

® You might have concluded from the last lecture that we had

not seen New Physics,

® yet what we observe is the sum of Standard Model + New
physics. How do we set limits on NP?

® One Hypothesis: assume that tree level diagrams are
dominated by SM and loop could contain NP

Tree Diagram example

BND School, B physics & CP Violation

Loop diagram examples
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They are consistent

® But consistency is only at the 5% level
® Same for Bs (CP violation in B—J/p O):
® |imits on NP are not so strong

0-7 L L ¥ I L " L l[l w L] ¥ l ¥ w I L w L l L L ¥ I o L] 1 -
@ I -
[ \ " e en =
0.6 _—é Y ] v () K e =
= : =
05 :-g| sin 23 —
3 YRI5,
= C o o -
03 | —
02 — o
01 — -
o.o — 11 1l L 0 0 10 'l 1 | 0 2 10 -
-0.4 0.2 0.0 0.2 D 04 0.6 0.8 1.0
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Rare B decays

1. Radiative and Electroweak Penguin Decays with Flavour
Changing Neutral Currents (FCNC) that occur in the SM
only at the loop level

® high sensitivity to New Physics (NP) (can appear in the
loop with size comparable to leading SM
contributions)

® Complementary to the direct production of new
particles expected at LHC

2. Highly suppressed (i.e. helicity suppression) processes.

® Huge datasets collected at the two B-factories, BaBar
and Belle, and the LHC experiments (already!) made it
possible to explore these decays.

.,.m'-,':fr‘_:|t.i‘.bonnl
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Radiative & EW
Pengiuns

B-Xsy, B2K*I* I




Important NP contributionsto BR(B — X .y)

Example search for new physics.

Flavor changing neutral currents (FCNC)
— Forbidden at tree level in the SM
— New, heavy particles likely to appear at loop level

s s &

/8 H A1
Decay rate sensitive to b quark dynamics

Used in conjunction with B—Xqy for Indirect determination of
Vgl /[ Visl

aG%my A1 9A2
(B — X¢y) = —2=2|ViVis|?|C 1 -
(B = X.7) = SR W Vi1 Cr (o) | 1+ 5 — 5% +
BND School, B physics & CP Violation Phillip URQUIJO 11 __,H-.,:_:(;__,]"ifbon.nl
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b—sy Backgrounds

e Goals:
> high efficiency ="
. E s
> largest fraction of phase space 3"
— Energy cut as low as posible ‘g“m*
g 7
e Dominating backgrounds =

-
o
[

> merged 7 from continuum events
> (merged) 7¥ from BB events

-
(=]

Very bad for lower £, cuts! T e

e Background fighting

/7 S0

e h:lé I l\l‘ ';’:Ikl 1'.:‘::. B_B —l

Q\,&ij \j A o Rl S N B 5
%<& - L

A//P Kg\,\ 9.44 947 3000 100 \i" 33 1027 105 20462

BND School, B physics & CP Violation Phillip URQUIJO 12 J ,,I.|',erf>,t(j:bo.n',,1
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Photon energy spectrum

e Sum Bf excluswe modes e (fully) inclusive
>02>< v —— — ] T
§ Knietlc scheme B A B AR
8 0.15——  Shape Function scheme B
T T ] 3
§ ol :_mﬂ H 8
g - : P
o - ————i 4 i [ =
I 0.05]- — = g
2 g 1~ + : 3
S 0 1
4 -
E L ] 1 1 1 1 1 ]
“ 00?.9‘ — £ — ‘Zﬁl‘ - ‘2.‘2‘ - ‘2‘.3‘ - ‘2.‘4‘ - ‘2.‘5‘ - ‘2.6 1'4: . 16 18 . I2. I 22 I 24 . 26 I .2-8
EY (GeV) | E;™° [GeV]

e Differences in resolution: Photons from B — K*~!

e Partial branching fractions £, > 1.6 GeV

BR(semi,zasar)=(3.49:+0.20+0.50+0.04) x 104
=(3.47+0.15+0.40+0.01) x 10

BR(incl, BeLLE)

BND School, B physics & CP Violation Phillip URQUIJO 13 ,‘,”\,.:_z,.»_]gi-,tx,'n!

Thursday, 29 August 13



b—s v Prediction

Not easy though...Decay rate sensitive to b quark mass, dynamics, etc.

B(B — Xy E >16GeV _ B(B — Xuel)up [F(b—>8’7)]
['(b — cev)
A2
Misiak et al. (2006) Benzke, Lee, MN, Paz (2010)
NLO QCD ® LO QCD + local 1/mp?
® NLO EW LO QCD + local 1/m¢c?

30% ® NNLOQCD @ non-local (!) 1/my

(& J (& J
Y Y

perturbative non-perturbative

relative size of corrections compared to leading-order (LO) branching ratio

BND School, B physics & CP Violation Phillip URQUIJO 14
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Strong constraints on NP

® Measured (3.43+0.21+0.07) 104
® Theory (3.15+0.23) 104 (NNLD) vrisiak arxiv 1010.4896
® Ratio 1.13+0.11, Limits most NP models

® e.g. 2HDM
oem(H*)>316 GeV fy
t t f
A W A W A
W_ . _. .

4.5 — - - - I
— 4.25 2HDM tanp=2
?\
2 4 / Measurement
P B
T 3. 5 oo g N e T s
m 3 t Be e of B Be be ool ol B Be e ol g -'-.

2.75 M+ [GeV] SM Themy

250 500 750 1000 1250 1500 1750 2000

BND School, B physics & CP Violation Phillip URQUIJO
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Photon Polarisation

LHCb-CONF-2013-009

Agp= 00120020
Ny = 4220 £99 ]
Ayyposn = -0.0864 +0.025

= 001220020

£ A ] LHCb
250 Preliminary Ny = 4220 £99 —

A,

A

Preliminary

250
Upbown = -0.0864 0,025 |

® New LHCDb

200:_ Sopown = -0.0843 20,026 | 200 Al pown = -0.0843 0,026
measurement 3 EIE I E

Candidates / ( 50 MeV/c?)
Candidates / ( 50 MeV/c?)

w O wm O
5
w O wm O
AT ™ q T
- 4 ‘\:"\
= ",
4 B Y
§ |
=ML AT I T T T T T T Y I AN

LHCb_ 1003_ - 100

CONF-2013-009 of 0 _ """ Yy 1 .
® compare y direction

relative to K

SRR TS |
M(K*maty) [MeV/c?]
T T T

cHFTRTIL SO | Pilall-l
M(K*mmty) [MeV/c?]
LA A e B L B A s B S

1 1 |
4500 5000

P | IR R ] |
5500

L L d B L L |
6000 6500 4500 5000

1 1 | ]
5500

6000 6500

L L R E S B B S B B B S s S S S —_— e T T BRI S e s . s s s —_—

[ LHCb Acp= 0012 £0.020 ] LHCb Acp= 00120020
| 250 Preliminary N,y = 4220 £99 — 250 [~ Preliminary Ny = 4220 299 -
p a n e Aygpown =-0.0864 £ 0.025 | Alpbown =-0.0864 = 0.025
Afppown = -0.0843 = 0.026 Afppown = 0.0843 £ 0.026

200 [

200

® Equivalent to
Parity violation.

150 £, 150

Candidates / ( 50 MeV/c?)
Candidates / ( 50 MeV/c?)

h o wu o
FTTT ™ TETT TTTT TTTT TTTT TTH
L m "s;" =4 4
-
&
b 1 {1 N Y N Y Y Y .

100 . 100

,,,,

- 50

® Polarisation e
amp“tUde Aud

PRSI
“““““““

M(K*mnty) [MeV/c?]
I e A I

1

M(K*mnty) [MeV/c?]
L e e A A E e e BN

0
F ;
sk L L . . ;

L L L L L L L L L |
4500 5000 5500 6000 6500

L L |
4500

L L |
5000

L L |
5500

L L |
6000

6500

Aua = —0.085 £ 0.019 (stat) + 0.003 (syst)

BND School, B physics & CP Violation Phillip URQUIJO 16 R b'onﬂ
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Bo—K™ I*T

® Similar to B—Xsy, where Xs=K*, but more diagrams (ways

for NP to enter)

o Rare. BR(B—IIK*) = (3.3 +1.0) - 10-6

new particles
can enter
loops

n

e Several variables can be studied: forward backward Aes

asymmetry, is well predicted,

e Sensitive to Supersymmetry, Any 2HDM, Fourth generation,
Extra dimensions, Axions . . .NP right handed currents

BND School, B physics & CP Violation Phillip URQUIJO
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Operator Product Expansion

® To Build an effective theory for b physics
® take the weak part of the SM
® integrate out the heavy fields (W, Z, t)

. / quarks # ¢ T "
L: (full EW =(QCD) ? ﬁpj[' — 1-{-; QED=QCD | ¢ leptons  J T 2 C n[.”,-' (gn

Cg n — local interaction terms (operators), (1 , — coupling constants (Wilson coeflicients)

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

® for K*upy we care about C7 (also affects b—s y), Co and C1o

BND School, B physics & CP Violation Phillip URQUIJO 18 __,H-.,:_:(;__,]"ifbon.nl
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Effective Operators

_ r."‘
HAA=1AC=0AS=-1 _y 70 (Aﬁ{f?l{;ﬁlf?'iﬂﬂ + Calp) Q5 (1))

v”i

10

EX(CLQE (1) + C2(0)Q4 (1)) = A Y Gl Qi)

i=1

where the A} = V314, and the operator basis is given by

g

Ez'{ = fJE.-rJ‘qE qL rjl i fzg
":21 - h”’ﬁ 3 Z‘?;_ f_u‘?_;_ ':21
l': JE“r‘HHE ZQH r_pi?‘rf ":2{;

Q7 = —h” Y8l qu*?ff g Qs

Ez _hl'r_.,fl e Zf”qi ’.Hq.f_

. Q7 =
Four-fermion operators (except 27
Q7y & ng) — dimension 6 Qs

(Jov

e,
1LY ‘?;_ ‘?;_ YuST

n P
L ’j g7, Z‘?L Tuld
} ji

“'_I_ E :‘?H Tull

_ Y7o p & ad_ o
= f*‘ 5L qu‘?ﬁ. Tud R

leﬂ - _f-:'” j"‘-'l qu*?_;_ T utf

i —
JAES
ﬁ”l—hf}l I_“y ‘iL

E} I Ly ad
== myb et G T s

~ 1672

1-
= —IIJE r‘“ ‘iE I[""r'j,l[

r f it

1-
QIHA = —Ir.";_ ¥ HLE r'_g."_r'r,i

BND School, B physics & CP Violation
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Bo—K™ I*T

Candidates / { 10 MaV/c® ) Candidates/ [ 10 MaVic®)

Candidates / { 10 MaV/c® )

a0,
[ LHCo 1.0 &' ]
3 01 < « 2 GaVirct E
= -
- Osignal -
| Bl Combtinatorial bkg |
a0 W Paaking bkg -

5200 5400

5800
L MeaVic%]

LHCD 1.0&"
43 <o < B.68 GaViict

5200 5400 5800 .
My gy [ MEVIEZ ]
a0 T
| LHCD 1.0 &
3 14.18 < o < 16 Gav /et
Iy . —
a0k -
[u}
5200 5400
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5600 s
L P, | MaVic=]

Candidates / { 10 MaV/cF ) Candidates/ [ 10 MaVic?)

Candidates /{10 MaV/c® )

5]

5200

LHCE 1.0 &'
2 e« 4.3 Gaviet

5400 5500 ]
Mgy | MEVIE ]

LHCb 1.0&" |
10.08 < o < 12.86 Gevie*

5210

LHCb 1.0 &'
16 <q <19 Gevic?

5400

SE00
M | MSVIE ]

Phillip URQUIJO

Theory M Binned

LHCb arXiv:1304.6325
See also CDF PRL 108 (2012) 081807
BaBar PRD 86 (2012) 032012
ATLAS-CONF-2013-038 & CMS BPH-11-009

-8 LHCb -~ Belle CMS
qll_' 1 5 T | T T T T
> -
m -
O] -
< -
Q
x 1 -
I“I'- -
C) -
R —_— 7
oy - -
o
o 05 -
m -
© -

20

15 20
g2 [GeV?/cY]
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Angular distributions and Ars

® A lot of information in the full 8;,, Bk and ¢ distributions
® Many observables depending on g = m?(up)

£ . _ o
: [{l+n:-:~ 0) Hy(q” ) + 2 costy Ha(g®) +2(1 — cos” 8)) Hp(g")

dig? d cos Hr 4
m2 Y\’ ,
Hy {'? [(fu 7 7 :urJ ) T [-'1]_H]

Hd{r‘rj] X _"l-"ffjﬁ]if (f-u + 2C% %) .

Hi(q®)  [(Co+207) + C3] .

BND School, B physics & CP Violation Phillip URQUIJO 21 .,.‘Hl‘u"r_‘r‘_sltﬁi‘,bon.rll
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Angular Analysis of BO—K™ I*I

Theory [ Binned Theory [ Binned
-8~ LHCb =i CDF —¥- BaBar -l Bele -=- ATLAS CMS -8~ LHCb —-& CDF -¥- BaBar - Belle -=- ATLAS CcMS
1 —rr—TrTrT 7T T T T T T T L o e e e e e e e e L e e e e e S

m
L

|

0.8

0.6

I First measurement of
zero-crossing point of A__

0 5 10 15 20 0 5 10 15 20

a2 [GeV?/ ¢4 q2 [GeV?/ ¢4
Theory [ Binned 2 2 4
B 6%, = (4.9 £ 0.9) GeV?/c
T 1  *F + E Consistent with SM expectation
of o++ — T :
05] . -0.5::‘> -
] S PR EPEI S SR M A e
0 5 10 15 20 0 5 10 15 20
q? [GeV?/c*] q? [GeV?/c*|

No deviation from the Standard Model here

BND School, B physics & CP Violation Phillip URQUIJO 22 ,,.rn'-,':fr‘_:lt.i‘.bon.nl
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[sospin asymmetry in B—=K®np

1.5, T B | P B
0 5 10 15 20 25
2 2
L5 oo g [GeV~/cH
1.90 3.00

Deviation from zero integrated over g° ~ 4.40
Consistent with previous measurements
(BaBar, Belle, CDF)

BND School, B physics & CP Violation
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Theory -e-Data
——— 1

B—->Ku'w LHCb ‘
S 0 s 20
2 [GeVYeH]

Consistent with zero & with SM prediction
Consistent with previous measurements
(BaBar, Belle, CDF)
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Tauonic Decays: B—=Dtv

Utype € /< -L= T
W*/H* ~ |
/
W= b g u,c
> Vub‘ > ’
‘ <
diype \‘Vg
Ryp = BR(B = 1vr)suinp
BR(B — TVT)SM
tan“8  M#
Rsysy = [1 — eyl
1 4+ egtan“B My,
2 2 E
R |1 mp tan® (3
2HDMMFV = m%[ 1+ (€0 + €1) tan 3
BND School, B physics & CP Violation Phillip URQUIJO 24 n,”l..,mm.iflw'n!
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Power of e*e-, example: Full Reconstruction Method

e Fully reconstruct one of the B mesons to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest
B f ) B->X, | v,
S B2>Kvwv
e— (8GeND)—— ~ «———et(3.5GeV) B->Dtv, v
Y(4S) T B2>vv
- A
B ™. o full reconstruction
= B->Dr etc. (0.1~0.3%)
- Offline B meson beam!
Powerful tool for B decays with neutrinos
BND School, B physics & CP Violation Phillip URQUIJO 25 .‘,,”x,.t_;,_»_].liftx,'n!
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B—Dtv

® Reconstruct D(*) and lepton.
® Examine missing mass in recoiling B.
® Should be consistent with 2-neutrinos from the

tau.

® Large deviations from SM: Combined is almost
5 sigma! The B-factories must perform

complementary tests.
—— Belle
B—)D*’EJ'Vt —+ Babar
—+  Private W
Average
Belle
Babar BoDT.
Private W
Average
o 2 3
BF(%)
BND School, B physics & CP Violation Phillip URQUIJO

Events/(0.25 GeV?) [Events/(100 MeV) in insets]

50

0

40

20

=3

4D TV lEiLGY)
Dlv DT

1
40

D¢ #
- N\ o H'l‘-}%{.
D, e

6 8

m?niss (GEV2 )

WE - D (/)
[-9 Background
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Leptonic Decays

Bu—2TV,Bas— U




B—1tv Measurement

Rate related to B meson decay

constant 782 [Vub|?

B(B* = 17y,) =

Gimg m:
ll m,(1l——>
OT m[

Helicity suppressed - very
small in SM.

NP could interfere e.g.
charged Higgs, and change
the branching fraction

B(B'—=1'v) =

2

By X (11—
My

Mass & Flavour

) s

)

uh

BR(B — 1v)

10°

0.30 LI B

0.25 —

C PUin PRL1
0.20 —
0.15 :— ‘
0.10 :—

0.05 —

0.00 _ I S R R N R SRR

12010 result

10 (2013) 131801

0.8 0.9

0.5 0.6 0. 7Sln 2(])
Phillip URQUIJO 28

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
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B—1tv Measurement

Rate related to B meson decay

constant 1z2

[Vul|?

Helicity suppressed - very

small in SM.

NP could interfere e.g.
charged Higgs, and change
the branching fraction

m
B(B" =1 v)= By X (1-——-

2

2
mH+

Mass & Flavour

tan”B)

» ‘)
V| " 7B
050 X10° ....l....l....p'value
2012 result 1 Foe
0.25 — ]
- 0.8
PUin PRL 110 (2013) 131801 0.7
- 020 — —
o 0.6
£ 0.15 — — 0.5
m 0.10 — —
- 0.3
0.05 - 0.2
2 - Ko 1 Wod
o0 b L L L L] 0.0
0.5 0.6 0.7 0.8 0.9 1.0
sin 2B :
Phillip URQUIJO 28 aniversitit b'oml

Thursday, 29 August 13



Example of a B—»t v candidate

Exp J) Aun 678 Form O Evemt 1707490
Eher 0.00 Tler 000 Morm Feb 9 17255246 2004

TrgD

VRVARY,

e VvV V

TV V
™ 10 Vv

™ T 1T V

other B: B=>D0 r,
DO > Knnn

BND School, B physics & CP Violation Phillip URQUIJO 29 . ,nwersimbon.nl
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Belle 2013 Result

ete > BftagBsignal

B-signal—=T(uvv,evv,mv,pv)v

.*'v >
Bellg \Y_7 o ==
.%-’
S T
‘;""{\ B

ECL= Electromagnetic
calorimeter

Events / 0.05 GeV

Signal (B—1v): T
Zero or small value of z
EecL arising only from £
beam background i

Consistent with SM
BND School, B physics & CP Violation Phillip URQUIJO

120
Belle 2013
100
80
60
a0 Signal
20
S /PU in PRL 110 (2013) 131801
0 L "ttt esepesepanaka I
0 o0z 04 06 08 1 12
EECL (GeV)

N
a

—t
o
III|IIII|IIII|IIII|IIII|IIII

N
o

10

signal MC + BG
—— Background MC

5 10 15 ) 20 25 30
M2, (GeV?/c?)
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Charged Higgs: Type Il 2HDM

® Type Il 2HDM Global fit (Frequentist)
® Belle + BaBar: B—-T1v + B—»D1Vv + B—-D*1TV
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Bs—prr

® Powerful, clean way of testing for New Physics

® Very small in the SM: NP can make large
contributions

® Many NP models possible, not just supersymmetry.

Standard Model

BR(B,—»p u )™ = (3.3+0.3)x10° BR(B,—»p u )™ o« tan’p/ M3,
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Bs—p* selection

Details: http://indico.cern.ch/

conferenceDisplay.py?confld=265347

Produce a very large sample of B
mesons

Trigger efficiently on dimuon signatures

Reject background

® vertex resolution (identify
displaced vertex): B impact
parameters, B lifetime, B pr

® mass resolution (identify B peak)

® muon identification (reject
background from B decays with
misidentified pions): muon
isolation, impact parameter of
muons,

® typical to combine various
discriminating variables into a
multivariate classifier

® e.g. Boosted Decision Tree
algorithm

BND School, B physics & CP Violation
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Bs—pt: LHCDb candidate

Kopdrae.

—

[ % = m,, = 5357 GeV
Primary vertex H BDT = 0.90
Decay length=11.5 mm

Tracks shown for py > 0.5 GeV

Z (mm)
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2012 Status

10° x BR(Bg — putp)

10
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30
10° x BR(Bs — putu")

20
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CMS Mass Distributions

Barrel
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BsoO

latest results from CMS & LHCDb

CMS arXiv:1307.5025

CMS-L=5fb"{s=7TeV,L=20fb" \s=8TeV
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Results

DO 10.4fb "

CDF 10fb ' —

ATLAS 4.9fb "

preliminary

LHCb 3fb '

CMS 25fb '

I sMm

CMS-+LHCb
preliminary

0 2

R N AR RN BRI BRI ATATATEN AT R
6 8 10 12 14 16 18 20 22

B(B °— p'p) = (2.940.7) x 10°°
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Results
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BR UL(95% CL) or measurement

—h
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Lepton Decays




t lepton flavour violation

® LFV provides a theoretically clean null 5}/}/1 2 Y/
test of the SM ~ (28 o
® Tt decays studied at B-factories. T /Q
Dedicated experiments do p LFV. T e or L
® MEG (u—ey) new results 2011. "“O“"
® NP may induce LFV at one-loop due to X
"
® slepton mixing, (hl/gﬁjA) <M S
® H** e.g. Babu-Zee models, . ol u's

® Neutral higgs boson.

® or LNV due to Majorana neutrinos.
® upper limits in SUSY e.g. BR~10/

® TeV scale sensitivity!
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Experimental technique

e"‘e—%,-c'l'fc— Br~85%
L1 prong + missing
(tag side) e
_ ,u+n (signal side)

generic T decay

Fully reconstructed L—» 4y \
v
02+ Mﬂﬂ - m
3 ellipse: blind : :
o "_’S_e__ ndedregon - giong| extraction: M,.—AE plane
AE~0
S OO n e
q) a
M,, =(E2 - D’
09 M7 ,U77
A - _Slzd.eband reglon |
| | M M
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Upper limits (2011 Summer)

® Almost all LFV modes measured with full B-factory data sets
® Ratios of LFV decay BFs distinguish between NP models.

® L HCb and CMS are preparing
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LEV Impact On Models

Seesaw

CMSSM model point with 3 massive RH
N for various m(N3) and 613

SUSY

TeV scale slepton
ml3 « ml1,2

Belle Il Bell
10 ———————r————m —— e.e-------. —~ e 106 MEG I MEG
SPS 1a
10°F Mni = 10" GeV, Mo = 10" Gev
mvl = 10-5 eV 10—7
10_10_ 0 <104l =n/4
0 <10, <m/4 =~ 1078
L. 9%=0 %
10 & .
£ 10%=
10" F MEG
:- - o T" 10—10
10-13 _ '/‘;; """
b7 10~
10714} 1™
F 12 BR(p~e y)
15 'mN3 = 10 GeV N
10 10_14' : 10'13 e Eur.Phys.J. C72 (2012) 2126
MEG Phys. Rev. Lett. 110, 201801 (2013)
S. Antush et al. JHEP, 11:090 (2006)
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http://arxiv.org/pdf/1204.0688v1.pdf
http://arxiv.org/pdf/1204.0688v1.pdf

End of Part 3




Flavour Beyond the Standard Model

Supersymmetry (SUSY) fundamental continuous symmetry connecting fermions

and bosons

In principle expect SUSY

partners to have same Y|
masses as SM states
- Not observed! B EE
- SUSY must be a E I
broken symmetry
at low energy t B
- Two higgs
doublets in SUSY 7
- can giverise to
large FCNC B
effects
L]
BND School, B physics & CP Violation Phillip URQUIJO

Minimal Supersymmetric Standard Model (MSSM)
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Flavour Beyond the Standard Model

*  Two Higgs doublet:

* 1 doublet = 4 degrees of freedom, 3 massive bosons -> 1 physical
Higgs

* 2 doublets = 8 degrees of freedom, 3 massive bosons -> 5 physical
Higgs

The Higgs doublets acquire different v.e.v.’s and the mass matrix reads
A Aij Azj
My =hg Vi +hg,v,

Key parameter tanp: ratio of higgs doublet VEVs.

Diagonalisation of the mass matrix will not give diagonal Yukawa couplings
* Will induce large, usually unacceptable FCNC in the Higgs sector
e Solution:

* One Higgs doublet couples only to down quarks and the other
couples to up quarks only

* Up and down sectors diagonalised independently, Higgs interactions
remain flavour diagonal at tree level.
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Experimental techniques

e Sum of exclusive modes
‘semi-inclusive’
Y

TU

K

e Sum of ca. 40 modes

e Full reconstruction of B

Good béckg?ound rejection
> Photon measured in B restframe
(better resolution!)

e Dominant systematics
> missing final states

BND School, B physics & CP Violation
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e (fully) inclusive

-

e,u
e High-energy photon
> B2 > 1.5GeV

e Background reduction
> lepton tag

e Dominant systematics
> B background subtraction
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Decay characteristics

® Rate sensitive to new physics but not shape.

@® At parton level, photon is monochromatic with E~mp/2

® Smeared by motion of b-quark inside the B-meson, and gluon
emission

® Complicated theoretical error on the prediction of the shape,
® =>As much of the low energy tail must be measured to reduce

this error.
arh
dEy
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Majorana Neutrinos in B decays: m=0.2 -5 GeV

e Same sign dilepton signature.

e If they are Majorana and couple
to ordinary neutrinos

e Best limits are on p modes

(a) ¢

) o+, D"

cl

x107*

L 2 f

U8 Belle Br>D I+
e 0 events
observed

/]7 [
v

U

PU in PRD 85, 112004 (2012)
1 1 1

e (0 events observed
103
10 w
L
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Majorana neutrino mass (MeV)
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