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BFACHEDIZH 64 talks, huge number of new results:

Impossible to put everything in summary !
This is necessarily a partial and
personal view....
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“A Unified and Unbiased Attack on New Physics”

T. Browder, VAL Seminar, 2006

v experiments,

v mass and mixing |
- CPV and LFV

T LFV flavour mixing
T CPV CPV phases

Super-B factory, LHCb, A experiments+**




Neutrinos....



Neutrino Osclillations
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Axis Accelerator
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* Measuring the PMNS matrix
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Neutrino Oscillation (3-flavor)
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cii = cos(B);

s = sin(By): Upanep Matrix

Maki, Makagawa, Sakata, Pontecorvo

et

L
Py 52 1 — sin® 263 sin® (ﬂm%z—)

4E

L
— sin’ 2642 cos’ 243 sin” (ﬂm%l aF

)

KamLAND

- DayaBay
Mear Sites

Survival probability Fi,.
=]
=]

=]
&
I

Daya Bay Far Site

0.4

ﬂmiz -~ ﬂ.rnil e .ﬁmi

tm

Why measure 6,7

* Least-known mixing angle

* Access to v hierarchy

* Access to CP-violating phase &

| |
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Mean distance from reactor cores L [km]



AR N
Rate Analysis v

Estimate 6, using measured rates in each detector.

'EE LIsr Uses standard ¥? approach.
E 1.1 . Far vs. near relative measurement.
'EE C [Absolute rate is not constrained.]
Z 105~ Consistent results obtained by
n independent analyses, different
1F .| reactor flux models.
- EH1 EH2
0.95 .
i . Most precise
0ok EH3 measurement of
l_J o b Ve by s e by v s by a Iy sn by o lgsy Einzzaﬂ tu datE.
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sin220,, = 0.089 + 0.010 (stat) + 0.005 (syst)

oy 20 201 D. M. Webber, UW-Madison =
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“Comparison of 8,, Measurements

Sclar + KamLAND
| —a— original flux
—0—: reeval. flux
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e s ST
. Double Choaz :
i———-::r-—;—-| | + original r!esult PRL:
i ol g ” re-analybis R=0.940 £ 0.011 (stat) £ 0.004 (sys)
aya Bay i sin‘208,, = 0.092 + 0.016 (stat) £ 0.005 (sys)

RENO

——e—
 T2K Update

Double Chooz U|:|I:|EI|:E'§
O . | @ rate-only
I__-ED___I o ratefshape

Daya Bay Update | Updated result:
; : ; . R=0.944 £ 0.007 (stat) £ 0.003 (syst)
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sin 2813

6/20/2012 D. M. Webber, UW-Madison 29



Symmetries (CP,T)



B —-3KCPV

* Indication of direct CP violation in B*—>¢K"* at 2.8c.

— Ap=(12814.4 +£1.3)% |Ac0K*)larger than SM expectation:
- SM. (0 - 4.7)% ‘—l( p = ( ]~(ii_:1{l11 )% (QCDF) Beneke, Neubert, Nucl Phys B675, 333

Acp = (1% (PQCD) Li, Mishima, PRD 74, 094020

* World's most precise measurement of B «(¢Ks):
- Beff (21 +6+ 2) degrees Good agreement with SM

Charmonium:
B=21.4+0.8 deg

+ f4(1500) not a single resonance — well described by fo(1500) +

f2(1525)+f0(1710) R B e A S:N“,cﬂooddejll
-.: y\i/ :

arXiv:1201.5897, L

PRD 85:112010 gy

(2012) 426 b FOEgF T

5--(1;];’:;‘65 -‘g‘o

24 July 12 Searches for New Sources of CP Violation at BABAR




arXiv:1109.1527,

T — KOJ-E _V CP V PRD-RCi;gO?;-:OZ(ZMZ)

«After correction and taking into account the residual T->K°s BKG charge

asymmetries:
A Q=(-0.45:0.24i0.11)% FIRST MEASUREMENT

*Systematics from detector & selection bias, BKG subtraction and K°/W
nuclear interaction

. K°s- K°Linterference affects the

s 1.2z
5 Li e X _ 5
= 3'2 Relative K’ —»1r"11" efficiency predicted AQ __(0'3310'01 ) /o_ )

o > Correction to be applied in

0.2} - terms of the K’ 1" decay

704 0.2 0.3 '6.'4”6.'5"oié"ﬁ.'i"bié”b;é;'t'; time dependence of the
’ selection efficiency

> (Grossman, Nir, arXiv:1110.3790).
S
2 .AQC°R=AQ*(1 .08+0.01)=(0.36+£0.01)%

Measurement is 3.1 standard
deviations from the SM
predictions

10
24 July 12 Searches for New Sources of CP Violation at BABAR J. Albert @523
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» The branching fraction between theoretical calculations and exprimental measurements
have large uncertainties,

» The A ., measurements will help observe SM
quantities,

&l
I

* Improved experimental uncertainties can help our
understanding of the standard model and help indentify
New Physics,

Ll ITu
w1'l1< ‘
B -
d s

AA, . =¢4(.,,{K.?I“)—.A@(KFI}] ~0 in Standard Model

" AS K K Tx"and B' = K'x have very similar lsading order feynman diagrams, we would
axpect them to have similar A, ...

o A difference could indicate the enhancement of the color suppressed tree diagram.

= However, the previous Belle result found the sign and magnitude of these asymmetries to be
differant,

* The difference in these could indicate New Physics, such as a difference between direct CF
in neutral and charged B decays,

Koroa Institute: of Scicnce and Technolagy Informition 23 QEE_




|
Current Results

ﬁ“’d‘l‘ff - ACF(K—‘EU) _‘LICF(KFIJJ

(Belle preliminary)

— Previous Belle Result : E‘:E:E L B KT |
AA,=+0.164+0037 440 &t p’ :
[ 2 n
(535 % 10° g3 pairs) E aun%
oo f B
— New Result : EUE; T .'5*:3_5 T &
— + 2 5225 525 E:.E'r’ﬁ 5.2 5228 525 EJ.EFE 5.3
AA,. +E]'H_E—D'DE? ‘o M,, (GeVic) M,, (GeVic?)
(772107 LB P 3 BoKTO | B KM
3% S O P
S 800F
s 600
HFAG : 0.124+0.022 " 400 T |
200 F ’
: PR _..‘_lu_k.: I |

Background from charmless B decays (hatched) 05-2 5.229 35.25

52.2?5 2.2 5225 525 5275 53
Background from mis-identification {dashad) M, (GeVicT)

M, (GeVic?)

Korga Insttute of Scignca and Techaology Informetion age ] 3—



CP violating phase ¢, in BY — J/i

= The final state 1/ is accessible to both BY and BY: Interference
between decays with and without mixing

= Interference measured through weak phase o,

. 'Ei'r = 'Ef'-'l-'l - Elnf'i.'q."-s

Decay phame

o 05 = arg(VV3) =0
+ small penguin conatribution

& t
b ‘ "ﬁ' bz X I"’I.
] In\Jll 5 -GI ) ,
b 8 -

[, E B ke

Mixmg phase
o iy’ = arg (Ve V3 ) = -2 4, I

s NP models: o, — &5 L AW

Dan =i B g S T TS TSR T PR




¢, combinations
LHOh sifedeanesus fit of 85 < §/g wand BY o Jigx™ =7 (prefimisany )
¢, = —0.002 = 0.083 (stat.) = 0.027 (syst.) LA COWF- 043 -.r_-J

Clcbal &, tombiratien (HFAG)

-0.0%T - =11
!.:l.: = _I:I.I:I;l';l' I.il85" |':'|| g — EI.J.I:IE - EI.I:IJ.E L:':'- e ALE ] e
LHCh 10"+ COF 96"+ DO a "™
L 25, M IR & AL BRI B S,
i o E lﬂ ;., o
= 020 | \ %6" .
e b %
[ <] DS 1. LHCb cﬂ":i’-
n 1u:_ -.I.I-.. o - ".:ul-r..hl-E‘d
: . SM
0.05F L COF ./ 68% CL contours
- e, < (Alog L = 1.15)
,n,"l T PR P T N P |
1.5 1.0 0.5 0.0 0.5 1.0 1.5
@5 [rad)

ATLAS results [ICHER 2012]
* gy = 0.22 =041 (stat.) =0.10 (syst.)
* Al = 0.053 £ 0.021 (stat.) = 0,008 (syst.)ps "




Comparison
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Like-sign dimuon asymmetry

2

Semileptonic decays are flavour-specific
* B mesons are produced in BB pairs

L]

Like-sign leptons arise if one of BB pair mixes before decaying
If no CP violation in mixing N(++) = N(—)

L]

L]

Inclusive measurement ~ contributions from both B d“ and B:’

- relative contributions from prndur:;gnn rates, mixing probabilities & SL decay rates
= 0, 6.1 ('

DO experiment 0.4
arXiv:1005.2757 & arXiv:1007.0395

L

-0.i1

(e A,
- = BLandard Model
| —B Factory W.A.
F DA B, LX

'[.l“:

-0.03




Final Results

Combine two a9, measurements, with correlations accounted for:

a? = [0.93 £0.45 (stat.) +0.14 (syst.)]%

* Consistent with SM at 2¢ level
* More precise than existing WA from B-factories: (—0.05 £ 0.56)%

* Paper in preparation
Corresponding time-integrated measurement of a8,
a;; = [—1.08 £0.72 (stat) £ 0.17 (syst)| %
* Supersedes previous worlds-best measurement (D0, 2009)

* Consistent with results of dimuon asymmetry...
* Submitted to Phys. Rev. Letters (arXiv:1207.1769 [hep-ex])




Combination

Combine D0 results from dimuon
asymmetry (2011), ad, and a5;:

al (comb.) (0.22 40
al (comb.) (—1.81 £0.!

Correlation coefficient: —0.50
y*/dof = 4.7/2
p-value of SM: 0.29% (3.00)

).
ﬁ‘;’

DD:I:
O at
AyllR_ ) BB% C.L.
A= |-:~E~-‘LCL

- Cambiralken

& Standard Mode|

0.04 —

-0.04 0.02

DO 10.4fb™, preliminary

B? meson: consistent with SM (zero)
B.” meson: >3¢ evidence for anomalous CPV




CP violation in mixing: a5 measurement (preliminary)

Efmi:ing,
e a I[ M“)I
=t B
Observable:
MBENtY = FY—T{B%tY—=F) Al
e (B3(£) — F) —T(B7(t) =+ F) £ tandur

(BNt = F)+T{B(t) =+ F)  Ams

» SM prediction: 3°, = (1.0 £ 0.3) = 10° farki: 1208 1444)

» Lse a5 final state D7 X u™ [.:_e'], D5 — pw™

.i._:l-r-; .E .E ".: H: 1 .
' :._'r'-.-lr.'ur- 1

C il

. St ey N

CF sl g i ot sl ] i o dlil mvi




CP violation in mixing: a, measurement (preliminary)

" ki 4 . . .
sy o I T ot T
o

17 Vel gk = vt

LA ol = L)y

N
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=« Time-integrated measuremeant:
+ Effect of small preduction asymmetry eliminated due to large Am,

« Detection asymmetries estimated from calibration samples

« Residual detector asymmetries averaged out using magnet-up and
magnet-down data [roughly equal-sized datasets)

2 = [—0.24 + 0.54 + 0.33)% i ooz
- ¥y alimaunaom )
9.0 M’

i
A RS iy
1

ik _+_;..-l|— ¥

—— DO Dy, 5.0 My

=002

-1 o oL I
o I o I T i B LA

' 002
iy



Bi: = Ka
R el T )
Acp(B" —+ Kx) =

A=K =t i+l = KT

i
_ Ay Kt -t K
App(B] =+ =K) = T A - KV 4TI —n ¥ K

1
A
1
i
1
i
i

@ CP asvmmetry is well established in B~ — K7

@ Corsider CP wiolation im 12, system: 1€ times bower decay rate, 4 time lower
praductian rate, stranger repection al combinatarial background reguined

Acp [ — Kn) Appl B = a K
BaBar' | —0,107 £ 00187500,
Balle? | —0.0% = 0.018 + 0,008
CLED® | —0u0d4 £ 0.016 £ 002
COF* | —0U0RE = 0,023 £0.009 | 0,39+ 0,15 £ 008
PDG —{(L.0A7T 4 0.012 (.39 £ 017

:I"I'u'l Sy, Lot B9 J0OT) 2803

A giura §57 (2008] T
e Hre Lt @Y [30000 5215
T Peps Few Lot 136 (3001] 161837
B Codirade on beshall of the QHOS Collalae ation BEACH JOLT , 3d - Jh ke, ST — Wickita, Harsas (LSS} fh



Results

Acp(B” < Kw) = —0.088 £ 0.011(stat) + 0.008(syst) |

@ Good agreement with World Average
@ Most precise measurerment

@ First observation | > Gz] of CP viclation at a hadron collider

Acp(BY = mK) = 0.27 £ 0.08(stat) + 0.02(syst)

@ First evidence [3.3«] of CP violation in B, decay

@ Agreement with the only measurerment available {CDF, Phys Rev Lett
106 (2011) 181802)

B Cordirade on bt il of the LHOR Collalawation BEACH 31T, 21d - J8h bely, JOLT — Wickite, Marsar USR] 1§



Results
GLW observables |
Ae? = L= =
¥ O EN TTE AT H @ Ropy =< Rp L RES = (RET =
ny: — AldS=nm:r=nnls LT = (033 = 0012
FT ST WK U @ = ARK 4T w148 £ 0,092 + 0010
AT W AT Agps =< Ag™. Ak o '
AR = AlRh =IO =N @ Bath KK snd == modes show pasitive sdy mmitries
Ay = Dl =0l =owT . . .
AE0 _ nnle HIE=T 0 TH _ @ The combined asymmetry significance is 4.0 y
i LT TR | NN CO [T e
Fooo= WWLE=NINZE =N % ADS o bles |
Bl = D=0 =000 Ransg = 00052 £ 00020 4 Do
W — Tl IR ] DA
e ERCELS TR [ B IR | g Aapgixy = —0.520=0.15 1 0.021

Ransi~y = 000410 £ 0.00025 £ 000005

Tatal gjgniﬁﬂnm aof 5.87 -'q-_*_|j!-|.:1-:| = 0143 4 00682 £ 0.011
direct CF wolation B = s K cheenmd with 10 and svidercs (1e)

. of negative asymmetry
BT — DK™ s abserved -
: @ M = ¥y e shoes hint of posithve asymmetry (240}

L 2 - G

B, Codirale o bushall of the LHOR Collpbapation BEACH LT, 31d - gihth bely, S00E — Wickita, Marsas [LIBR) 14
23



T
CP asymmetry in 5~ — K o ™

N e —— =, S0
SE[W . ELT| ]
i 000 mmw : ::" ul i &0
2 o S -
= 13m0 =
= N - HEE
£ 13m0 £ 15w
EgL i - [
3 410 E 0

o =1 L 1] LE i 2N o 2 Ll || N300 AN
m,_, [MEVieT) m,_, [M=VicT)

N(B™) = 1R168 + 170 I N(B™) = 17540 £ 169 I

Preliminary

Acp(Knw) = AfpY (Kmm) — AG™ (J/WK) + Ace(J/¥K)=
= +0.034 £ 0.009(stat) + 0.004(syst) & 0.007(J/K)

Significance of 1.8a ]

R, Cavfirale o beiball of the LHOR Collalaestion BEACH HILY | 23ed - Jh baby, J0LT — Wickite, Mardas [LIGA] &1
24




CP asymmetry in B~ — K"K K~

~ 300 ~ 30
L L
= 300 = 10
E L : o
i E:
- 15101 . 1511
E oo £ o0
B s E Hn
d s
m 5300 500 <o) Em T30 35 )
gy [MIEVIE] g [MEVIES]
N(B~) = 11606 + 117 | N(B*) = 10289 £ 110 |
Freliminary

Acp(KKK) = AT (KKK) — AG™ (Jf0K) + Acp(J/$K)=
= —0.046 < 0.009( stat) £+ 0.005(syst) £ 0.007(J /0K

First evidence of inclusive CP asymmetry in charmless three-body
B decays (Significance of 3.77)
&, Cas : .



T

* Predicted to be small in the SM
— early predictions were less than 10
— but predictions for charm are difficult.

* Real difficulty is to cancel detector induced
asymmetries.

* The KK and szt asymmetries are of opposite sign in
SM
— the difference is particularly sensitive
— and most detector asymmetries cancel in the difference

e Use D™* = D%z and c.c. to tag D° production flavor.

http://www-cdf.fnal.gov/physics/new/bottom/120216.blessed-CPVcharm10fb/

7/23/2012 http://www-cdf.fnal.gov/physics/new/bottom/100916.blessed-Dpipi6.0/ 29



Acp(mtm™) =[0.22 £ 0.24(stat) = 0.11(sys)] %
Acp(KTK™) = [-0.24 4 0.22(stat) & 0.09(sys)] %

World’s best measurements.

Measured CP asymmetry is a combination
of direct and indirect CP asymmetries.

. 00 . £
Acp = AL, + / Acp(t)D(t)dt ~ AZL + —<T> ABS
0

Line in the direct-indirect asymmetry plane.

7/23/2012 i1



e 2010-2011: CDF measures ACP in D° = srand D°
=2 KK sepa rately PRD 85, 012009 (2012)

_ I T T T T _ I T T T

% - cDF | % L - r::DF

B ~ BBA12008 E 2 == BuBAR 2008 |
A Ul sete200s | ] Bt 2008 -
2 =) + NoCPV

55 S m

< <

— — 2-dim 68% CL

- — 2-dim 68% CL

- 1 2-dim 85% CL - e 2-dim 85% CL
i —'—1—din'JIEB%GL B —'—1—dir'|'JIEB%GL I I
L i i L i L A i I A L L i L i i i i i i 1 A 1 1 1 1 i i i i L
-1 05 0 05 1 -1 05 0 05 1
APD ) [%] ADC—>K'K) [%]

CDF: Charm Detector Facility?
7/23/2012 32



* For AA,;
measurement,
selection can be
loosened, and full data
set used = more than
doubling the statistics.

* Cross check with data
binned in differentn, ¢
regions.

AAcp = (—0.62 £ 0.21 -

Candidates per 0.1 MeV/c®

2.8 8 &

—
=]
T

—
=3
T

tn
T

¢ T

(0

- D=0 (KK

2005 2. 2.01

S e e e e e
t—D"—'Dul:—'I']'[-_:II[;

COF Aun || Preliminany

15_’_;5‘}{_:“;:::]1;. I T T
* Data @7 ] 1

—Fit

- Multibody
D decays -

P Bandom pions

+ D" =D (~KK)m

] 2.005 2.01 2015 202

Invariant D*x,-mass [GeVic?)

arXiv:1207.2158

7/23/2012

- 0.10)%
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AZS = (—0.03
AZL = (—0.66

7/23/2012

0.23)%
0.15)%

AAqp BaBar

March 2012 B

" AAgp Belle

[ AA_, LHCh

7| AA. CDF Prelim.

| A LHCb

A, BaBar

| A_Belle

W Vi P ____ﬂ*\"\'!’i.“:il_ﬂ?_‘r_;’—.-

e A et ARt A Y o NS

% S =it —
CRY AN T S
. L e U

L

e e R
R SEs e
' o

N

.02 -0.015 -0.01 -0.005 O

0.005 0.01

i 1L 1 I 1 'l L Il
0.015 0.02
aind
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Rare, or forbidden processes

31



Lepton Mixing in the
Standard Model

* We have three generations of leptons:

€ H r No SM couplings between
V, vy, V- generation!

In the standard model Lagrangian there is no coupling to
mixing between generations

But we have explicitly observed neutrino oscillations
Thus charged lepton flavor is conserved.
Charged leptons must mix through neutrino loops

.-_:;-l"l; —=, — : ."..rlli.li |
‘3 ll Ty ]1 = |
P !

327

M2, |
__ < 10
But the mixing Is so small, it’s effectively forbidden

e :
A.Norman, FNAL BEACH2012 3¢ Fermilab 10




General CLFV Lagrangian

* Recharacterize these all these interactions
together in a model independ

Mule Project-X
i, i ]

— — o .
Lery = mfaztrower B Contact Interactions

]

E{ ul—saly o Al=107" 3

.
T AT AT AL TREL (try*ur +dpy*dy) “t Muze -
i T er =1 ~15
Splits CLFV sensitivity into - e

* Loop terms
* Contact terms
Shows dipole, vector and scalar interactions

Allows us to parameterize the effective mass
scale 1 in terms of the dominant interactions

The balance in effective reach shifts between
favoring 'NleN and 'le® measurements.

For contact term dominated interaction
(large x) the sensitivity in A, reaches upwards
of 10% TeV for the coherent conversion process

= -
A.Norman, FNAL BEACH2012 3¢ Fermilab 15



B ———

olete™ > 1717) somyasy~o(ete™ - Y(4S) - BB) =¥ SuperB is a tau factory

Lepton flavor violation

v mixing leads to BF~10"°*

= Enhancement to observable
levels possible with new physics

T -
—_—

Up to two orders of magnitude
improvement at SuperB over
current limits

Hadron machines are in general
not competitive

e” beam polarization helps
suppress background or
discriminate among NP models

L]

T physics

A

A
=
(=)

90% C.L. Upper Limits
=

4
=
=

—

* CPviolation

* precision |V, | measurement

* t1g-2

* TEDM
FT LI 1 | | ] o E'EE'EF
B # Bsle

I LHCE upgrade {ast.)
= [ | ZuperB fest)
- o - O Yoo s ]
e N - W ]
B oW ¥ [ L L
= BN B & B L = g T o0 =
A L LA I *s. .90 o o ‘
L & L ] L . i -ii C .
- I_ —
T .
- u n -
- -] | | —
| L1l ] 111l | | 111l | | | ] L1 Ll Ll
T L L _n.TF"l-'F - EE oo b e et e e g B e !
U= 11' Fr 4#-_.:;32 ] =a::;b§b;: = 1:-_;._: E‘E if‘% T~ If':ff!:.,_.‘:: ;a_iizx:a:': ,f:::i
- = = L R T L= b
T—=> 1l



B = tv:motivation

r‘“—h - e -
+ B(B - W) = %% m2 (1 - T0) *f 2|V, , P, o | i
B : u Ty,

* Leptonic B decays to test SM predictions.
— Very clean theoretically.
— Uncertainties from fy and |V, |. Lattice QCD talk
— B—->uv and B—>ev out of reach at current B factories.

* Probe of physics beyond the SM.
— Decay can be mediated by a charged Higgs

* B(B = W)yypy = B(B = v)gy, (1 — tan’g Eﬁ;) E il EQ;M

W

7/28/2012 Georges Vasseur BEACH 2012 5



B = tVv:result discussion

* New BABAR result;

+0.53 —4 468 M BB
g 1024).10

* Comparison with other measurements:

.+ |[B(B 5> 1v) = (1.33

xperimment. Tas Branching Fraction [}-:l”_dj

BABRAR hadronic [§] LET0E8+£0120.2 383 M BB
BABAR semileptonie |9 1.T+£0.84+0.2 453 M BB
Belle hadronie [10) ITQiﬂiﬂfBﬁ 249 M gg
| 3elle semileptonic [11] J?'llggglg%? 27 M
+0.27 —4
— BELLE (ICHEP 2012): B(B » TtVv) = (ﬂ'.?z —0.25 + ﬂ.ll) .10 999 M BB

* Comparison with SM prediction (using f; = (189 + 4) MeV): HPQCD arXiv:1202.4914
— 2.4 o with By, (B = tv) = (0.62 +0.12).107* (|V,, | exclusive PoS(EPS-HEP2011)155).
— 1.6 owith B, (B - tv) = (1.18 +0.16).107* (|V,,| inclusive arxiv:1112.0702).

772872012 Georges Vasseur BEACH 2012 2



B - tv:constraints in 2HDM (Il)

* Most of the parameter space excluded at 95% CL with exclusive |V |.
* 95% CL exclusion up to 1 TeV at very high tanp > 70 with inclusive |V |.

Fioo T

50

Excl. at 2G Excl. at 20

 Excl. at 30 | Excl. at 3¢
i i | i i i i | i | i i i i |
00 500 1000 500 1000
mg (GeV) my (GeV)
Exclusive |V, | Inclusive [V |

7/28/2012 Georges Vasseur BEACH 2012 10



B - D(*) v v : motivation
/H ~5

* Semileptonic decays with a t. B{ d _ }D( *)
d
AT, GE|Val*|lppe|d m\? s ::m
— T _ c | — —L H F
deg? 9673 m3, q° ' + | Hof ] ’?’q 3’{1
only forB-> D*tv H- enters here

* Test the %I'Eg bg measuring the ratllgcg .
—> —F TV
R(D) = B(E—rﬂtv) and R(D ") = B(B-D'lv)"
— Several theoretical and experimental uncertainties
cancel in the ratio.

* Sensitive to additional amplitudes.
— Charged Higgs (entering through the scalar amplitude).

7/28/2012 Georges Vasseur BEACH 2012 11



B - D*) tv: results and comparison
to previous measurements

Decay N N oo R(D™)) B(B— D7) (%) Do)
D=7, 4589 4+ 63 20981 £+ 65 0.440 £ 0.058 £ 0.042 1.02 £ 0.13 £ 0.11 (6.5)
D*r~7, 888463 11953 £ 122 0.332 £ 0.024 £ 0.018 176 + 0.13 £ 0,12 13,2

= First 5o observation ol B—Dtv

* Agreement with previous measurements

Average does nol

include this analysis
sM Aver. SM Avwver.
Az re ks Belle 2007 : S -
I 044+ 012 ] — 535M BB
RaBar 2008 BaBar 2008 i —
042 0.13 0.30 + 0.06 ':E_"_' 232M DD
Belle 2009 . Belle 2009 : i . ;
059+ 0.16 . ' 047 0.10 | - . ' 657M BB
Relle 2010 Belle 2010 ; : - -5
0.35= 0.11 0.43= 0.08 | vt 657M BB
BaBar 2012 i1 BaBar 2012 : P
0.440 + D072 f | e (’171&1 LD )
1. R EEEERE e oo . TERERHEER A oo
02 0A 0.6 0.8 0.3 0A 0.3 0.6
R(D) R{D#)
Georges Vasseur BEACH 2012

7/28/2012 17



B 9 D(*) TV : 2ZHDMRD) and R(D*) are

Not independent

* A charged Higgs of om0
spin 0 will affect H, H2HPM & g5 (1 — — ! )
and modify R(D*)).

* Data match 2DHM
type |l at

— tan/m = 0.4410.02
for R(D)

— tanfB/m = 0.751£0.04
for R(D’t&

* Combination excludes
2HDM type Il with a
probability greater
than 99.8% provided

m,>10 GeV. [ S | R (¥ S (7 S

’r.ﬂ.n..".?f-“'m i+ (G ay—1 )

mi . 1 F mefmy,

7/28,2012 Georges Vasseur BEACH 2012 19



Form factor ratio R(D) = Br(B — D7v)/Br(B — D/{v)
FNAL/MILC (arxiv:1206.4992, PRL)

1 | ™ | | 7
i s 2HDM Il with FNAL/MILC
0.8 I 71 form factors (band includes sys.
I /1 error)
0.6 [ S
-2 o i FNAL/MILC form factors:
- BaB r12 j .
0.4t Lo il £ from partial data set used
pri ) iN arXiv:1202.6346
0.2 |- N 2 HDM Il with form factors
)HDMII i using quenched LQCD, HQS,
ol v b b b by ] kinematic constraints, ...

0 0.1 0.2 0.3 0.4 0.5
tanB/Mg+ (Gev ')

* similar estimate for R(D)sm by Becirevic, Kosnik, Tayduganov
(arXiv: 1206.4977)

* R(D*): need four form factors, larger discrepancy with SM

A. El-Khadra, BEACH 2012, 23-28 July 2012 43



B->D®ryand B = v

see G. Vasseur tomorrow
BaBar measurement of w1 arXiv:1205.5442 sub. to PRL
)] % | — -1 b . o blue: measured R vs model parameter
B - DMt vy, 0.43 ab H{& , q}ﬂi‘l _, ,_red: model prediction
E I}ﬁ::'
SM calc. '
BF(B - Dt™7;) -
R(D) = — = 0.440 + 0.072 0.297 £ 0.017
(D) BF(B - DI~¥)) - 02
BF(B- D't ¥ S |
R(D*) = ( o _ 0.332 + 0.029 0.252 +0.003 =

BF(B — D*1"%)

R(D) + R(D*) inconsistent with SM (3.4c) and exclude
the type Il 2 Higgs doublet model with 99.8% CL

More data needed. Cannot be measured at hadron colliders (neutrinos in final state)

- =g
B T Vr _ decay mode  expected 2012 SuperB 75ab
i) . W_J 1= </ T BF gy F{BF:I .I'rB-FEH -EI'LFBF]}FBFIH

_ /> “““ . B =1 % ~10* 20% 4%

" - . B™ = u™ ¥, ~5% 1077 - £3

BF;ypm-11 = BFsy % (1 —tan f*mg /my;) BoDlrg,  ~1072 10% —

M. Rama The SuperB project - BEACH 2012 7



Motivation to search for B, = u*u~

» Standard model prediction

b { Ty

Buras et al., PLB 694, 402 (2011)

» New Physics models

— Virtual SM particles in loops could be -
replaced by heavy NP particles and thus b =
significantly enhance the branching ratio

» Search for New Physics s(d)
— Due to its small and precisely calculated w-i°
branching ratio B, = u"u~ is a very
sensitive mode for NP at very high masses

- |'|'

— Search is complementary to direct imeeaw | ameneom | smrencoms | o
searches at the energy frontier ' “f;f i P
* Best published limit on BR(B, = u"'u" ) at E -l. e

the end of 2011 from CDF : L }%£¥&r%;%m

BB —»u'n)<40x10™ @ 95% CL m,, (MeV/ic?)
CDF, PRL 107, 191801 (2011)

BEACH 2012 B, —* uy at ATLAS (S.Prell)




10

Candidates per 24 MeV/c®

{CC 0702w, < 0.97 <v,, < 0.987 0.987 < v,, < 0.995

En
g |

—
=
a2 _a

15,
il .

v, > 0.895

¥, > 0.885

Bachground

. +Signal {Shi)

4&%

LL.LI

0
418 5322

m,m (MeV/c?)

5418 5322

5418 5322 5370 5418

CC Central cel

p-value = 0.94%
(bkgd only)
p-value =7.1%
(bkgd + SM sig..

CF cCentral forn

CIL

Excess remains but is not reinforced with additional data.

backeround-onlv fit returns p-value greater than 2o



& 95% C.L. Bounds
M
I PLB 693 (2010) 539, arXiv:1006.3469

CDF 10 fb~!
~1 La Thulle 2012, Miyake

ATLAS
arXiv:1204.0735 LHCb-CONF-2012-017

CMS Upper Limits (95%C.L. ):

.lj_H'_EIELED-i (2012) 033, arXiv:1203.3976. H{Bf;;‘ ot } 492 %10 g
PRL 108 (2012) 231801, arXiv:1203.4493 effcf A el s A RV LR,

ATLAS+CMS+LHCD

LHCb-CONF-2012-017 Preliminary limit combination

010920 - H0 40 50"
B(Bs — putpu~) x 1B

David Hutchcroft, BEACH2012 a



Limits on super-symmetric models

240

Straub ArXiv:1205.6094

1.5 E 8 beha o

rp'u "

« BR(B,

Lo

i 3 4 Al
107 = BR(H, = ptp)

Prospects fﬂl‘ a 3o observation ﬂf the SM branchlng ratio:
o3 D D SME

-t i - Pr l:rjtr:rl-:m fmm 1 ﬂ.‘l] -
............... R MR I [LHE]J ﬂ]]].‘r} R

1o band

°11

—_1

=t

T _|..I-TI'|'||||.|_|
1=
Ty
b

B(B

Endiof 2072 11111:
{'a.'ll]l E‘{TEE'I‘?.U.']['I]

- i i 3
S - . =

5 z 25 '3 3.'5 — 4 45 5

Luminosity [fb™
David Hutchcroft, BEACH2012 10
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Impllcatmns of LHCI:: results on New Ph}rsu:s {I)

. =2 Hints of SM deviations of previous measurements have not been confirmed.

HDWE"H"EI', more PI'EEIEE I"l"IEE.ELII'EI'I'IEI"‘ltS are I"l"IE.I'Il:|E.1ZIZII'}Ir

. * BR(B,=2uu) sets strong I:u:uunds on mass scales in SUST {at Ieast in hlgh tan ﬁ
models), complementary to direct searches in ATLAS and CMS5
* LHCDb results enter the SUSY and CKM fits, starting to impose severe bounds on

several models and flavor variables

These lmpllca.tlnns will increase W’lﬂ"l the full data sa.mple 201 1- lﬂll (= 3.-*f|:r}

- arXiv 1201.5359

CMSSM - tan p=50, A =0

2000 qrrrrrpee e

'500 ATLAS & CMS (4/fb) t
s | /
21000 /
E

500 — B,2uu

..I..I.l..l....

500 1000 1500 2000
m,, [GeV]

H Ma:hnudl Mﬂrmnd QCDIUII : 24

e e e —
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DO K*”ler,u_

Standard model decays have FCNC through
electroweak loops.

Lots of angles to measure, most are sensitive to ;
new physics in the loops d . d
e
A good SM prediction for the zero point of A, w+ (2
for the muon system is at 4.0-4.3 GeV?/c* 4
arXiv:1105.0376 > mmTheory WSBinned theory 5 ﬂrE t A :
” e s e S R L d
=T j 7
7

LHCb .
Preliminary

5 T R e .1I52':‘:1I\.;2sl‘12ﬂ
CERN-LHCD-CONF-2012-008  David Hutcheroft, sEACta0.g | '© ) I




1 -_Theunr_ - Counting &Eﬂ_ 'mer!t = Linbinned

‘E‘FB

LHCb N 1 LHCb preliminary measurement is
osf. Preliminary ERAN k 2 A 5
- g5 = (4.9713) GeV+/c*
0 the first measurement of the
crossing point
05
. — 68% CL for unbinned crossing point

S,

i ’ qu Gevic'y | Error bars on points are statistical only

BN Theory B Binned theory
== HCh =—CDF +EIELLE +E|-EEI-EF

Also look at the differential branching % A o LHCb
fraction normalised to B” — K*%J/y '“Aﬁ Preliminary
=
Another 3 parameters are also fitted “E %
F, S,and S, i 05
Where theoretical predictions exist theyare =
compatible with the SM |
0 5 0 20
q 2 [GeVe/cY]

CERN-LHCb-CONF-2012-008 David Hutchcroft, BEACH2012 19
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CDF Run Il Preliminary L=9.61b"'

=—0.6
& B— Ku'y
©
3“5 - Data
:E 0.4 — SM
0.3
B2
st +
=01
0024 6 810121416182022
a? (GeV?/c?)
CDF Run Il Preliminary L=9.6fb"
=~ 2 i
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";1-5 4 Data
81'4 —SM
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g 1
nb.ﬂ,ﬂ
06
0.4
=]
2 4+
00 2 26 8101214 16 18

o? (GeV?/c?)

CDF Run Il F_’relirninanr L=9.6fb"
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® a4 b

© 8 ©
% T - =

'r
%2 26 81012141618

q? (GeV?/c?)
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. 1] -
&as| MeoAwn
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S ol --sm E=resaey
215
3o ; : - :+:-*\ )
3| :1.,
he P

0.5

‘102 46 8101214161820
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CDF
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Simultaneous fit 4COF Run Il Preliminary L=9.6fb"

L "y [--]
with K™ and K 4;

08

0.6
AFB M? i
02 4:
02 'I-; B Ky
| # Data
o4 ~ SM
ae STRNTORTONE. - TR TR
0 2 4 6 B 10 12 14 16 18
@ (GeVic?)
~  3CDF Run Il Preliminary L=9.6fb"
< B Kpw
2 - Dala
— sM
1
A gl
.1+
CDF Public 2
Note 10854 NUTTTITIOE: . T N
b 2 4 6 8 1012 14 16 18
7/23/2012 @? (GeV?ic?)

S CDF Run Il Preliminary L-ﬂ,l_&fh"
L B — K p*p
4 Data
== SM

0 2 4 6 8B 10 12 14 16 18

q (GeVic?)
. 1,om= Run Il Preliminary L;a.l_in:-"
<L 0.8 B K
0.6 # Data
0.4
0.2 | + + _+_

0 f
T
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y S T R
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Isospin asymmetry inB = K™yt~
B(B® - Koutyu~) — (2 )E(B+ K©O=utp)

AE
B(B? - Koy ty )+( )’B(B*—*K“iu 1)

= A,is theisospin asymmetry in the B — K(*}M’ﬁ'svs’cem
" T,/t, is the ratio of B°to B* lifetimes
= Expected to be O(1%) in the SM

15

* For B —» K'u™u~ the prediction
- Feldman, Mathias is for positive at low g2, dropping
ot JHEP 01 (2002) 074 . o
N\ to small and negative as q* rises

10

L]

David Hutchcroft, BEACH2012 20



Theory Bl Binned theory II Dnta Thec-n -Bmﬂed T.henr} ll Data
1 1 1 1 1 1 1 1 1 1 1 1

5 > B - Kt LHLh ; 7 18 H —K 'u [y LHCbL -
= 3 Y 16 =
i 1 5 4 =
X — e 17 _:
12 E g 3
. 1 o sf =
3 33 o “ :
] - = B 3
- e = d =
_l:ﬂ i i i i i I i i I i i i i i E |;_I i i i I i i i i I i i i i I _:
IIII_.-" 5 10 15 20 235 0 5 10 15 20
e ¢ [Geve] ¢ [Gev¥e
Deficit seen in at low i i : .
g Differential Branching ratio measurements
) Thec-n-' +D:n‘n
‘?-:- 1_ T L L L 1 T 1 L L ] 'T,_ 0.5 T T T + LI B 3
. B—Ku'w LHCDL o B —K'u ,u' LHCL -
02 =
+ | . . 0.1 —z
T + z of - - -
'I E 01E =
—— E 0 :z_ _z
E 03k T =
. Integrated uuer l:;E 4.4c -::ﬂ g 04E =
0 5 10 5 201 R R 20
g [GeViied] g [GeVie']

Isospin Asymmetry
LHCB-PAPER-2012-011,

submitted to JHEP David Hutchcroft, BEACH2012 21



CDF Run Il Preliminary L=9.6fb’ i

< 2f
: 4+ BoK [Thally
Difference between 12| + B Ku'w

K®™* and K*)° rates 1}

05" as:
0 : |—‘#—| — %_‘
LHCb sees a 40 effect. =05 ) |

Al
15,

CDF

2024 6 810121416182022
qz(Ge‘Vz!c)

7/23/2012



“Deviations” from SM (shown at BEACH2012) are:

Ap(B+ =0K*)=(12.8+4.4+1.3)% BABAR
SM = (0 - 4.7)%

Ao(t—Kor v)= (-0.45 £ 0.24 + 0.11)% BABAR
SM = (0.36 £ 0.01) %

AAcp = Acp(KFn0) - Ap(Krn) = 0.124 + 0.022 HFAG (BABAR, Belle, CDF,
SM = 0.019 +0.058 - 0.048 LHCb, CLEO)

AACP (D—hh)=(-0.678 + 0.147) HFAG (LHCb, CDF, Belle)
SM = ?

Br(B—tv) = (1.83+053 .+ 0.24)10%  BABAR (but not Belle)
SM = (0.62 + 0.12) 10 - (1.18 £ 0.16) 10

R(D)=Br(B—Dtv)/Br(B—Dlv)= (0.440 + 0.072) BABAR Together
SM = 0.297 + 0.017 Exclude
R(D*)=Br(B—Dtv)/Br(B—Dlv)= (0.332 £ 0.030) BABAR 2DHM

SM* = 0.252 + 0.003

BO—KOu+u- deficit in isospin asymm. at low g2 LHCb (but not CDF)
O(1%) in SM 56



