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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. Browdsr, FVAL Seminar, 2006
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Talk centered on search for “"new things”

We had also a long list of excellent other results on
cross sections, QCD and ChiPT tests, form factors,
spectroscopy et. etc.
that I won’t have time to mention
However these measurements are essential
ingredients for new physics searches

Laiho, Lunghi & Van de Water (Phys.Rev.D81:034503,2010)
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Error bands are (still) dominated by theory errors, in particular due to
hadronic matrix elements.

Also we had a very good overview of future facilities
but I will only have time to mention a few



A new Resonance (consistent with Higgs boson)



Summary

ATLAS

Significant resonant excesses found in searches for H—+yy and
H—ZZ*—4l

* Combined 50 local significance
* Individual local significances of 4.50 and 3.50, respectively

* Consistent in mass (~126.5 GeV), across subchannels, across time
* Compatible with the SM Higgs boson

New evidence found in the search for H>WW

* Local significance of 2.80 at mu =125 GeV
* Consistent across two subchannels

* Compatible results from separate 7 TeV and 8 TeV analyses,
consistent with the SM Higgs boson

ATLAS now excludes the Higgs across a wide range of possible masses

* SM Higgs excluded for mz from 110-122.6 GeV and from 129.7-
558 GeV at 95% CL

* Pushing sensitivity well below the SM expectation for many mu
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Combination of H2yy and HZZ*— 4]
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108 || = Combined abe.,

| Combined results: all channels
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Tevatron

Individual channel sensitivity

CDF Run Il Preliminary 9.45/fb
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Neutrinos....
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Neutrino Oscillations

Reactor; Short Baseline & Off-

* Measuring the PMNS matrix ’E‘“'e’mr TP
Oscillation
Experiment type ~ Channel ’ ‘m
Atmospheric &
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Doug Cowen BEACH 2012
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Why measure 6,7

* Least-known mixing angle

» Access to v hierarchy

* Access to CP-violating phase &




o iy
Rate Analysis v

Estimate 0,, 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
il independent analyses, different
1F .| reactor flux models.
C EH1 EH2
0.95 .
i Most precise
0ok EH3 measurement of
l_J s by o b wn by o beow v boyw o bwvo bwgn bwyalggy 5i“22913 tn date.
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sin?20,, = 0.089 + 0.010 (stat) + 0.005 (syst)

6/20/2012 0. M. Webber, UW-Madison =
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“Comparison of 8,, Measurements

Solar + KamLAND
- . | —a— original flux
l____g_D_____q —o—: reeval. flux
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k- ——- '———.—|
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. [ MINGS P ;
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i_ _D_- 5 | —e— original r!esult PRL:
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6/20/2012 D. M. Webber, UW-Madison 29



Non-Maximal 6,,

NOvA will make a precision measurement . ] )
of P(v,->v,) which has the potential to NOvA 1o and 2o Countours for Starred Point
NlwA Nllv A Stage 0

establish 0,,245° based on the sin?8,, $1ikin Baseline 3yrvand 3 yr
sin® 28 ,=0.0% Beam Power: TO0KW

dependence of the oscillation probability. [ 20096
StageO

If this is the case then the P(v ,->v,) ellipses
shift based on how far 8,, differs from 45°.

This corresponds to the mass state v,
coupling more to v, orv,

Plv.—1)

2 :
A.Norman, Fermilab BEACH2012, Project-X a¢ Fermilab =

Also IceCube, DeepCore, PINGU
And MIPP 17



Symmetries (CP,T)

18



KLOE

K— %0 : search for a CP violating decay

The analysis has been updated

. : . ) -N_;, =0 evts. in data
- improving clustering procedure to reduce split clusters

- hardening the B*(K,) cut for tagging the Ks decays ‘N,,,=0 evts. in MC
- processing the entire data set (~8x107 tagged KK, pairs)  -0.12 evts expected in SM
g 100 s 200 :_
80 * DATA W 1eo * DATA
- signal box 80 * MC background 160 .* MC background
- R,;,>65cm :z |
100
- gy =0.23(1) BD
N3 0<2.33/e5 0 v :z ﬁ;
’ E
at 30% C.L. ®0 10 20 30 40 50 €0 70 80 90 100 0 20 40 80 80 100120140 160 180200
Normalized to [ernal refereeing completed Pl (6T
N, o/€,.0—=(1.14130+0.00011)*10% @p :2;‘:“{,?';;; :ﬂﬁi collaboration ongoing

BR(K—31)< 2.7 x 10* @ 90% Cl iﬁ-‘)‘ Moool< 0.009 @ 90% CL

This result points to the feaslblllty of the first observation at KLOE-2

A, Di Domenico BEACH 2012 - X International Conference on Hyperons, Charm and Be Standard Mo dEl pl‘E diﬂtiﬂll' g
BR(K; — 3n?) = 1.9 - 10



Conclusions

*DA®NE commissioning in progress

*KLOE detector is fully operational

*KLOE-2 upgrades are being completed

At KLOE-2 an improvement of about one order of magnitude in the

precision of several CP/CPT symmetry tests is expected.
*KLOE-2 physics program described in EPJC 68 (2010) 619-681

In the meanwhile the analysis of the full KLOE data set is being

completed:

*New upper limit for BR(Kg—310). At KLOE-2 this analysis will benefit of the
presence of low 8 calorimeters QCALT- CCALT. With O(10fb-") it might be possible
to have a first observation of the decay

* A new method has been implemented to perform the CPT and Lorentz symmetry
test. The analysis of the full KLOE data set analysis is almost completed.

At KLOE-2 it will benefit of the new inner tracker detector improving At resolution,
and of the new interaction region scheme with a doubled ¢ momentum (increasing
the sensitivity to Aa,).

A, Di Domenico BEACH 2012 - X International Conference on Hyperons, Charm and Beauty Hadrons - July 23 — 28, 2012 - Wichita, Kansas - USA



B—-3KCPV

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

— Ap=(12814.4 +£1.3)% |Ac(0K*)larger than SM expectation:
- SM: (0 - 47)% Acp = (I-(iffﬂll)% (QCDF) Beneke, Neubert, Nucl Phys B675, 333

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

« World’s most precise measurement of B «(0Ks):
— Beg = (21 £ 6 £ 2) degrees Good agreement with SM

Charmonium:
B =21.4 0.8 deg

+ f,(1500) not a single resonance — well described by f,(1500) +

f2’(1525)+f0(1710) q_..,,y..,,[,,,,l,.,,l _____ :-:-:Sésvf\lc/l%dgll
: B'oKeKK* g9 -
arXiv:1201.5897, - &

PRD 85:112010 O pgas
WIS = S
.7qﬁ 3
T S S ¥ S R L

myg g (GeV ¢?)

24 July 12 Searches for New Sources of CP Violation at BABAR J. Albert &5
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BO — J/yK?

To be submitted to PRL,
426 fb-1

B° - B (¢'X, ccK?) B, - B°(ccK?, 1'X)
& 0.5'_ a) BaBar Preliminary {—05 b) HH.;:Bar Preliminary
R ol ;:;:.»—*i—“- 0 {_zbf.}ﬂ' + ‘H+ l —Fit with T violation
TS _FH‘_} 1 —Fit without T violation
-05F _L 05f
o 2 4 6 )8 o2t )8 First direct
B -8 (rxceklf ™ B 5Bkt ex)™ " opservation of
= | = rd imi .
& O.S-C) ﬁﬁﬂ_}q_:[: ++ < o4l ) BaBar Preliminary Time Reversal
RER RS 2 o ok . 1 Violation, in
L -]- ANY system
S | BaBar Preliminary s i +¥+ ++ + y
0 2 4 6 8 0o 2 8
At (ps) At (ps)

T violation, independent of CP, CPT
AS;'=-1.37%0.14£0.06 140 significance

AS = L.17%0.18+0.11  Result consistent with CPV, assuming CPT
' 24 July 12 Searches for New Sources of CP Violation at BABAR J. Albert 1 5




arXiv:1109.1527,

T_ _’ KOJ_[; _V CP V PRD-RCig;O?J_‘:OZQMZ)

«After correction and taking into account the residual T->K°s BKG charge
asymmetries:
A Q=(-0.45t0.2410.11)% FIRST MEASUREMENT

*Systematics from detector & selection bias, BKG subtraction and K"IF
nuclear interaction

. K°s- K°Linterference affects the

1.2z T
(/\§; . shet & 4 $ +
s '

§ ol " predicted A, = °
= g': Relative K°—»1r"11" efficiency predicted AQ —_(0'3310'01 ) A)_ i

b ’ > Correction to be applied in

0.2} terms of the K°-» 11" decay

704 0.2 03 04 05 06 07 o:a“a;g';: time dependence of the
‘ selection efficiency

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

Measurement is 3.1 standard
deviations from the SM
predictions

23
24 July 12 Searches for New Sources of CP Violation at BABAR J. Albert @523




Hahh)

* The branching fraction between theoretical calculations and exprimental measurements
have large uncertainties,

*» The A, measurements will help cbserve SM
guantities,

=]
I

* Improved experimental uncertainties can help our . “LH-< L
understanding of the standard model and help indentify a5
New Physics. )

AA, . zﬂf.,,{K.fr")—Aﬂ,(Kfr}j ~0 in Standard Model

= As B K" and B = K'x have very similar leading order feynman diagrams, we would
axpecl them to have similar A, ..,

» 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
different,

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

Korea Institute of Scicnee and Technolagy Information 23 QEE




|
Current Results

AA, =v4fp(K?r”)—«4cp(Kﬂ)J

(Belle preliminary)

— Previous Belle Result : 2ol B— KT
AA,, =+016410037 440 &
(235 %107 i3 pairs) E 600 |
W 400 .
— New Result : 204;5_ T . U I
— + 2 5225 525 5275 52 52285 525 5275 53
AA, = +011220.027 4o M, (GeV/ic) M, (GeVicY)
771 10° BE pal 1200 r
{772x10" BB pairs) E T B KT [ B KT
HFAG : 0.124+0.022 i -
| LA k_ L 1 |

Background from charmless B decays (hatched) 05-2 2.225 5235 55;2?5 2.2 5223 525 5275 33
Background from mis-idantification {dashed) M, (GeVicT) M. (GeV/c?)

Koraa Insttute of Sciance and Tachnology Informetion Dage | J J—




CP violating phase ¢, in BY — J/¢ ¢

= The final state /4 is accessible to both BY and BY: Interference
between decays with and without mixing

» Interference measured through weak phase o,

o Oy = Op — 2z

Decary phass

o 33 = arg(Vp V) = 0
+ smiall penguin contribution

A b
- "B o . IUII
AW !
7 & -

« Standard Model (SM) prediction is small: & = —2 4, = —0.04

(oL EN S R

Mixng phise

o iy’ = ang (Vi Vi )® = -2 4,

s NP models: o, —+ &7 + AW




¢. combinations
LHCh sinmdtinisus fit of B < 0/ zand 85 o /0™ 27 (prefimisany
@, = —0.002 = 0.083 (stat.) = 0.027 (syst.) LR T 043 '.I'_'J

Glebal &, combiration (HFAG)

o = —0.044 00 Al = 0.105 = 0.015 pe ! e 1307 1158

" LHCb 10" + COF 961"+ DO 81~
Legndl =+ | i B A L AL IR B L,
i wm - x l:"D"._ ;_, e
= o020 | \ %{-} .
¢ : %,
L 015k : LHCb e
[ N SM
005 '_IL’EF ./ 68% CL contours
. e, - (Alog £ = 1.135)
,n,"l P FEETE PEETE PETES P P |
A5 10 -05 00 05 1.0 15
| @ [rad)
ATLAS resmylts [ICHER 3012 '

o oy = 0.22 =0.41(stat.) =0.10 (syst.)
e Al = 0.053 = 0.021 (stat.) £+ 0.008 (syst.)ps "



Comparison

L I | I ] ¥ | 1] I || L I 1 1] I I I I 1] ] 1] I I L ¥ 1 I I 1 | I I
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Like-sign dimuon asymmetry

[ ]

Semileptonic decays are flavour-specific

* B mesons are produced in BB pairs

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

+ Inclusive measurement - contributions from both B d“ and B:’

- relative contributions from prndur:;gnn rates, mixing probabilities & SL decay rates
E 0, 6.1 (1
DO experiment 0.0
arXiv:1005.2757 & arXiv:1007.0395

L

-l]l“l n

Eno &,
002E | Giindard Model
0.3 b Faetory iv.A,

DG B—=D, X




Final Results

Combine two a9, measurements, with correlations accounted for:

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
as, = [—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])

2 Tuly 2012, Mark Willian




Combination

Combine DO results from dimuon
asymmetry (2011), a4, and as;:

o’ (comb.) (0.22 £ 0.30)'%.,
a’ (comb.) (—1.81 £ 0.56)%.,

. . AP 1BES CL.
Correlation coefficient: —0.50 12, e
.04 = AP BERCL.

x“fdﬁf_ 4. ?)\‘2 B combination

*  Standard Model

p-value of SM: 0.29% (3.0c) 0.04 0.02
D0 10.4fb7, preliminary

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




CP violation in mixing: a, measurement (preliminary)

B mixing
el = 3 b
M = arg s
Observalble:
NEYt) = F)—T{B%t) =+ F) Al
El:f|= I: FI:-.:I ] { sl: .:I_l' ] _ .Ft-a"l:-'_“__'r'
r(&(t) = F)+ r{gg(t)—+f) Lms
» SM prediction: 3, = (1.0 0.3) = 10 % farkhe 1205 1444)

s Use ac final state D7 X u™ [.:a"], DF = pu™®

CF wnlat A i o i) e i il nvi



CP violation in mixing: af, measurement (preliminary)

" ma - . . .

wh | et A T
.. R B e e T
-— . .

"J-"I."IE -_

—u_—

= [ime-integrated measurement:
+ Effect of small production asymmetry ehminated due to large Am,
« Detection asymmetries estimated from calibration samples
« Residual detector asymmetries averaged out using magnet-up and
magnet-down data (roughly egual-sized datasets)

a, = (—0.24 = 0.54 +£0.33)% 2
. S A 9.0m”’

= - = — = -

1k
“=r1am1

DO Dy, 5.0 My

=002
..... e | D\
Y I T T B L LA i %‘:’

J"% 1 =102 l'l.lf-lZ £

% n
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@ CP asemmitrs is well sstablished in 57 — K7

@ Corsider CF violation in M, system: 14 times ower decay rate, 4 time |ower
praduction rake, sironger repecticn alf combingtarial backgromnd reguined

Acp[B” = .Ff'i'l'! :h;l*l'.ﬂ,,u =+ K}
BaBar' | —0,107 £ 001BT 0,

Belle? | —0.084 = 0,018 £ 0,008
CLED” =004 = 0.014 £ 0.02

COF —L086 = O.023 = 0,008 | 0,39 15 £ 008
POG =0T £+ 0.012 045 £ 0.17

II"I'm Rere. Lot B9 { 00T OXLEDE

Ay giurs 55T (2008] 30
Aty Hes Ltk @Y [230000 535
T Phps Roew Lot D06 (2001] 11807
B Codirade on bashall ol the LHOS Collalawation BEACH HILE | 33ed - dth bely, 00T — Wickita, Hardas USR] L]



Results

Acp(B® = Kr) = —0.088 £ 0.011{stat) £ 0.008(syst)

@ Good agreement with World Average
2@ Most precise measurement

@ First abservation | G=] of CP viclation at a hadron collider

Acp(B! = mK) = 0.27 £ 0.08{ stat) £ 0.02{syst)

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

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

B Cadirade on beidall of the LHON Collalaeation BEACH JOLE , 23 - alith bely, A00F — Wickite, Harsas |LIGA] 1§



Results
GLW observables |
Ae? = L= =i
i PR T TOR @ Rops =< REE RES = [RET =
ny- =— Al S=nm:r=nnls LO0OT = (03 £ 0012
T -t e o = AKKE ATT < 148 £ 0002 4 0010
AR W A Agps =< Ag™. Ak o '
A= AR =R =0T @ Bath KK snd mr modes show pasitive psymmetries
Ay = DIl oG] = owT . . .
A Snnlsk ST I _ @ The combined asymmetry significance is 4.0 y
i LR TR TR LS [T T ——
Fooo=  AWLE=NINEE=NN% ADS o bles |
Bl = DEE=000IL= 0000F Rz = 0/0052 & 0000 4 QU004
oD = Dim g IEE ) TR
e IS CHI LT 4 B IR Aapaxy = —0.520=0.150 1 0.02]

Rangi~y = 000410 £ 0.00025 £ 000005

Total ﬁgniﬁﬂnm af 5.8 -‘l_.a._ug.|_:,,.:, = 01438 4 0062 = 0.011
direct CF  wiolation n B = g K obsermd with 10r and svidercs (o)

. of negative asymmetry
BT — DK™ s abserved =
: @ B = ¥y e dhoem hint of posithee asymmeetey (2.4

o € @ &£ @

R, Codirade on beiball of the LHOS Collglawatigns BEACH LT |, 31d - b deby, F0LE — Wickite, Marsdas USR] 13
36



e
CP asymmetry in 57 — K 7 @~

A p———————T— — =, )
i m mmw '*-'-‘-‘-'-'": ::" e i m
2 o S -
;ifm Eﬁm
e SLAN] [ 1]
£ 13m0 £ 15w
— =L L]
3 £1) E 42}
9 =1 1o I L] NN =Nl o = =1 N ..'Ill:l:l. . Nl
m,_, [MeVicT) m,_, [MEVIcT)
N{E™) = 18168+ 170 I N[_H'+}=1'i'54[lilﬂ'!§ll I
Preliminary

Acp(Kmr) = AR (Korm) — ABIV(J/K) + Acp(J/9K)=
= 4(.034 4+ l].[l]'EI-[stn.t] = [I.l]]ill[aysi:l 4 l].[l]'i’[il.-’gﬁff}

Significance of 1.8 l

B Candirale on bekall of the LD Collalawation BIEACH FILF . 21ad - Jih bely, A01T — Wickine, Marsas [UIERL 3




CP asymmetry in B~ - K"K K~

- WA e LLL
L L
= 1300 = 10
= it L1 e L L
S =
= 131 = ]
§ 1o £ 10
E Z um
o o
m 3300 S0 e} Eim 3300 530 San)
i [MEVEET gy [MIEVIES]
N(B™) = 11606 + 117 | N(B*) = 10289 4+ 110 l
Pr-EIir'r'linar'_l,r
Ace(KKK) = AMW(KKE) - AR (J/6K) + Ace(J$K)=

= —(L046 + 0.009] stat) £ 0. l]lE-l[ayai]l + 0.007(J /YK

First evidence of inclusive CP asymmetry in charmless three-body
B decays (Significance of 3.77)

B Ca +1
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* 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% " 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



I e —

Acp(mtn™) =1[0.22 + 0.24(stat) = 0.11(sys)] %
Acp(KTK™) =[-0.24 + 0.22(stat) 4 0.09(sys)] %

World’s best measurements.

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

. o0 * t) .
Acp = A%E, -|-/ Acp(t)D(t)dt ~ AZE, + gAgl%
0
Line in the direct-indirect asymmetry plane.

7232012 31



e 2010-2011: CDF measures ACP in D° = mzrand D°
- KK separately PRD 85, 012009 (2012)

| T T
.~ CDF

—— BaBaR 2008 |
Il Belle 2008 ]

E L I L] I T T
" coF |
— BaBar 2008 |
||| elle 2008 |

(D°—=K'K) [%]

dir
CP

AZL(D =) [%]
%]

- —— 2-dim 68% CL — —— 2-dim 68% CL
o 2-dim 85% CL - e 2-dim 85% CL
i —'—1—dir1']|EB%GL l - —'—1—dir1']|EB%GL I I
L i i L i i il i I 1 L i i i i L i 1 i 1 1 1 i il i i 1 1 i i Il 1 L
1 05 0 05 1 1 05 0 05 1
AM(D ) [%] AT(DO—KK) [%]

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®

B8 8 &

L1

—
=]
T

n
T T

a:tﬂuJ —

Ce e e e
:— D“—-Du[—-::‘n'jn;

- D =D (= KK =

—
=]
i L

COF Run [ Preliminary

T -|D|-r_.:ﬁlali_.:nl+:[-l]:gll'lu

* Data 87k
—Fit
— Multibody

D decays -
B Bandom pions

+ D" =D (=~ KK)m

2.005 201 2.015 2.005 2.01 2015 202

Invariant D°z,-mass [GeVic?]

arXiv:1207.2158

7/23/2012

- 0.10)%
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ABS = (—0.034+0.23)%
A%E (—0.66 & 0.15)%

Q
g
|

% “‘:? AAq, BaBar

T ‘éi‘r‘ N | AAgp Belle
- \\\ﬂr R B AR, LHCD
- R 771 AA, CDF Prelim.
s R A LHop

- \\ X A, BaBar
- M, e Belle

- AR 77 —
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Rare, or forbidden processes
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R, beyond the SM: SUSY NA62

SUSY (MSSM framework) produces sizeable effects to R, (SM)

=» R-parity is the source of Lepton Universality violating effects

- 2 H|ggE Doublets Mode| (A. Masiero, P. Paradisi, R. Petronzio,
PRD74 (2006) 011701, JHEP 0811 (2008) 042)

2HDM — tree level: K, proceeds via exchange
of sizeable charged Higgs H* instead of W=

!"i-

|
i x
T+

2HDM — one-loop level: H* mediated LFV terms with -
emission of v_are the dominant contribution to AR, Yer Y +
m, |\[m’ B =
LFV SM K 2 f + -
Ry =~Rp |1+|—* ( ;)|A13| tan" 8 k* Hc I \g
mHt m,_l gt '-‘ Sheypree E-u.-
L., <» mixing parameter of superpartners of right-handed leptons - ;'r v

=» LFV term connected to Helicity suppression in K,
tanp =¥ ratio of the two Higgs vacuum expectation values
At large tan3 values with a massive H*, LFV contributions dominate

and produce sizable O(1%) effects to Ry
(Ex.: A5;=5x10-*, tanB=40 and M,=500 GeV/c2 = R,FV= R, (1+0.013)

F. Cenci BEACH2012 35



R, World Average NAGZ [\

PDG’08 (1970s measurements): R.=(2.45+0.11)x10~° (8R/R.=4.5%)
KLOE (LNF), 2009: Rc=(2.493+0.031)x10°, 13.8K K, 15% bkgd (8R«/R«=1.3%)
NAG62 (CERN]), 2011: R=(2.487 £ 0.013)x10-5, =60K K_, =9% bkgd (8R,/R«=0.7%)

July 2011 World Average: R,=(2.488+0.009)x10° (8R, /R, =0.4%)

IR W -July 2011 average Constraints to 2 Higgs Doublets Model
3 ZHDM-II
® Clark et al. (1972) R, =2.48800h0"
Heard et al. (1975) =
¢ E
Heintze et al. {(1976) ‘:f
z
KLOE (2009) =
T = PDG 2010 =
R,: 95% CL uclu:lnn
NAG2 (2011) — et
Tl e sat B A, =1x10"
sur % 010203 04050607 0809 1
| T pih | I I A "Fmaiiu-rﬂlwlﬂz

23 24 25 26 27 28 o = for non-tiny values of the LFV slepton mixing A.a,
Ryx1 the sensitivity to H* in Ry is better than in B—tv

F Cenci BEACH2012 43



Prospect Kaons rare decays

B 18%B,, 3.0xB,, “3sigma discovery”
114.8
103.6 «— 2013
_ 92.4
2 812
e
— T70.0
Z
—_—
KOTO
'L 47.6
x -
7 364 «— 2014 spring
25.2
e bty [ e e [T «— 2014 fall
14.1 MFYV- EFT{+) # — §81§
5.8 8.0 1{12 124 146 lﬁS l!l'l]' 21.}.’, 234 25(- 2?.8

B(K ->T W} X 10
NA62: 10% measurement by 2015-2016
ORKA: 5% measurement in 5 years (in ~10 years from now)



Sensitivity to New Physics

10'° x BR(K, — n%vi)

0 L

U | 2 3 - 4
10" %« BR(K+ — 7tui)

Figure 1: Correlation between the branching ratios of Ky — #'vw and K+ —= 7t
in MFV and three concrete NP models. The gray area 1s ruled out L'RI}L'I'ilm‘llT:ill_‘-' or
model-independently by the GN bound. The SM point is marked by a star,

D.M. Straub, CKM 2010 Workshop, arXiv:1012.3893[hep-ph]




Project-X Enabled Physics

Kaon Physics: Stage2

Rich and varied experimental opportunities
K™= atvp >1000 events, Precision rate and form factor.

K; — 7% >1000 events, enabled by high flux & precision TOF.
K™ — -:rr“,:ﬁu Measurement of T-violating muon polarization.

K* — (m,u)Tv, Searchfor anomalous heavy neutrinos.
K° = nete”  <10% measurement of CP violating amplitude.

K°— ?r':',u+,u_ <10% measurement of CP violating amplitude.

K°— X Precision study of a pure K° interferometer:
Reaching out to the Plank scale (Am,/m "~ 1/m,)
K; — ,ui_fli_ Next generation Lepton Flavor Violation experiments

0
K°,K* - LFV ..and more

Day-1 Experiment: ORKA

e :
A.Norman, Fermilab BEACH2012, Project-X a Fermilab 41



Lepton Mixing in the
Standard Model

* We have three generations of leptons:

= H T No SM couplings between
1/, 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

30 [\~ «, M2, |
S ll-.”-ll-l'
A !

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 iject—x_

iy, — — gy
Lrry = I:H——lll,‘r-"'kf”-"i’.gﬁ-wﬂa'.ll' e

B{uN-3a ea Alp10"

-
T AT FLYRer (@ry*ur +dpytdy) “t Mu2e
Splits CLFV sensitivity into e
* Loop terms
* Contact terms
Shows dipole, vector and scalar interactions

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

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

For contact term dominated interaction
(large ) the sensitivity in A, reaches upwards
of 104 TeV for the coherent conversion process

e :
A.Norman, FNAL BEACH2012 3¢ Fermilab 15



B S

olete™ > t417) somrusy~o(ete” = Y(4S) — BB) =» SuperB is a tau factory

v mixing leads to BF~10"%
- Enhancement to observable
levels possible with new physics

Up

Lepton flavor violation

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 ]
] a

T physics

904 L. Upper Limits

1D—1I'.

A

oy

CP violation
* precision |V, | measurement

=

T = Iy

L -
Tg-2
L
T EDM
LN I I N B Y N O I I O B ™ BaBar
B . Bella
I LHCE upgrade {2st.)
= [ | SUparb (est.)
C =~} M - -
1 - A e e o R S
é—’-r-':' Yo Q0 e e . @0 - e
|""- [ ] » -r-| i '-.‘ l'-
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B = tv:motivation

_ G/m, mi\2c , 2 (P2 w
© B(B - W) =T m2(1-25) 2V 21y 5| v
B L ey

* Leptonic B decays to test SM predictions.
— Very clean theoretically.
— Uncertainties from f; 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 = lv)gy (1 — tan’f Eﬁ;) E . EQ;M

T

772872012 Georges Vasseur BEACH 2012 5



B = tv:result discussion

* New BABAR result:

+0.53 - .,
+ |B(B > 1v) = (1.83 +0.24).10™ 468 M B
—0.49
* Comparison with other measurements:
[xperiment. Tag Branching Fraction (= 1077
BABAR hadronic [8] L8708 £ 041202 383 M BB
BABAR semileptonie |9 1.7+ 0.8 = 0.2 458 M B*?
Belle hadronic [10] 179t et 249 M gg
|3e:1 e setnileptonic [11] 1?11322133? 7 M
+0.27 iy
— BELLE (ICHEP 2012): B(B —» TVv) = ([}.?2 —0.25 T+ ﬂ.ll). 10 222 M BB

* Comparison with SM prediction (using fz = (189 + 4) MeV):

HPQCD arXiv:1202.4914

— 2.4 0 withBg, (B = tv) = (0.62 +0.12).107*{|V,,| exclusive PoS(EPS-HEP2011)155).
— 1.6owith B, (B —»tv) = (118 +0.16).107* (|V | inclusive arXiv:1112.0702).

7128 2012 Georges Vasseur

BEACH 2012 B



B - tv:constraints in 2HDM (ll)

* 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 |.

F100 ETS

50 50

Excl. at 2G Excl. at 20

. Excl. at 3c  Excl.at30
i i | i i i i | i i ; i | i i i i |
OU 500 1000 nf.} 500 1000
my (GeV) my (GeV)
Exclusive |V, | Inclusive |V, |

7/28/2012 Georges Vasseur BEACH 2012 10



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

* Semileptonic decays with a T. B{ 4 ‘ }D( %)
a

dT . {?F“rh| [P s |r; 'm';-z ’ m hnl.,

—_ | — % H

dg? 9673 m3, q? ' + u| ] 7’;; :"f_{

only for B> D* tv H- enters here

* Test the SBI"Eg bx measuring the rat,';_ﬁ% .
—3 —* TV
R(D) = B(B-Dlv) E"dR(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).

772872012 Georges Vasseur BEACH 2012 11



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

Decay Nuix Noormm R(D™) B(B — D™ru) (%) Zilo)
Dr—7, 480 £ 63 2081 £ 65 0.440 £ 0.058 £ 0.042 1.02 £ 0.13 £ 0.11 @]
D*t~%, 8884+ 63 11953+ 122 0.332 +£ 0.024 &+ 0.018 1.76 & 0.13 & 0.12 13.2

= Firsl 5c observation ol B—Dtv

* Agreement with previous measurements

Average does nol

include this analysis
5M Aver.,
Belle 2007 R —
044+ 012 i . ® 535M BB
if
BaBar 2008 BaBar 2008 : —
042+ 0.13 030+ 0.06 ':E_'_' 232M DD
Belle 2009 . Belle 2009 5 A . .
0.59 + 0.16 . ' 0AT 0.0 | - . ' 667M BE
Relle 2010 Belle 2010 : : _ -
0.35= 0.1 0.43= 0.08 | et 657M BE
BaBar 2012 BaBar 2012 : R
| | (471M BT )
M e S [ ool TEREERHEEE | |
02 oA .6 .8 034 A4 0.5 0.6
R(D) R{D*)
Georges Vasseur BEACH 2012

7/28/2012 17



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

Not independent

A charged Higgs of 2 e
spin 0 will affect H, H2HPM ~ g5 (1 — — ‘*" )
and modify R(D*)).

* Data match 2DHM
type Il at

— tanf/m = 0.4410.02
for R(D)

— tanB/m,= 0.75£0.04
for R(D”tﬁ

 Combination excludes
2HDM type Il with a
probability greater
than 99.8% provided of
m,>10 GeV. 0 o2 o4 oe U os T

tand fm e (GeV—L)

mie L F ey,

712872012 Georges Vasseur BEACH 2012 19



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

1 | ] | | T
I R 2HDM Il with FNAL/MILC
0.8 I 1  form factors (band includes sys.
i /] error)
0.6 |- e
:i g BT I & FNAL/MI!_C form factors:
0.4t J\ V& from partial data set used
pIoi ) IN arXiv:1202.6346
0.2 - 1 2 HDM Il with form factors
J'HDM1I i using quenched LQCD, HQS,
YL RN A IS ISR R I kinematic constraints, ...

0o 0.1 0.2 0.3 0.4 0.5
tanB/M+ (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 = 1v

see G. Vasseur tomorrow
BaBar measurement of T arXiv:1205.5442 sub. to PRL
") * | — -1 & . o blue: measured R vs model parameter
B - D{ )T Vi, 0.43ab H{i . ] }D[‘] ., red: model prediction

ke [
L

SM calc.
BF(B = D17 ,)
R(D) = — = 0.440 + 0.072 0.297 + 0.017
() BF(B - DI~ ¥)) =
BF(E = D't %
R(D*) = ( 2 = 0.332 + 0.029 0.252 + 0.003

BF(B — D*I" )

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)

- =T
B TV _ decay mode  expected 2012 SuperB 75ab
B W </ T BF gy a(BF)/BF sy o(BF)/BFsy

_ /> . B~ =1 W, ~10~% 20% 4%

" 2 5, gy BTH ~5% 1077 5%

BF:npm-11 = BFsy X (1 —tan fomg /my) B Dy,  ~107 10% —

M. Rama The SuperB project - BEACH 2012



Motivation to search for B, = u u~

» Standard model prediction

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

» New Physics models
— Virtual SM particles in loops could be

- ~0
replaced by heavy NP particles and thus b Wax. I*
significantly enhance the branching ratio teuld rly

» Search for New Physics s(d) o -

— Due to its small and precisely calculated w-i°
branching ratio B, = y"u” is a very
sensitive mode for NP at very high masses
— Search is complementary to direct ST R AT AR

searches at the energy frontier “f*+ .
+  Best published limiton BR(B, #p'u ) at b _I_ cc+0F

the end of 2011 from CDF : L M . :F%:[:%i a%;%iﬁlqi

5 BT N EM I NET M Wm O 8er oM @ aar

B(B, —u'u)<4.0x10" @ 95% CL m,, (MeVic’)
CDF, PRL 107, 191801 (2011)

BEACH 2012 B, —+ uu at ATLAS (S.Prell)




1CC 070 <v, <097 | 097 <v, <0387 0.987 < v, < 0.995

£
—y—

En
|

(4]
l-;q"l

Candidates per 24 MeV/c?

—
=
- -
’
I.l
i
i
A,
<
r‘

ﬁh\ﬁmv

n.l 1 1 1 1

Wy = 0.995

Wy > 0.085

Background

. +Signal (SM)

LL.LI

5418 5322 5370 S48

mnu (MeV/c?)

L 5370 5418 5322

5322 5370 5418

CC

CF

Central cel

p-value = 0.94%

(bkgd only)

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

Central forw

CIL

Excess remains but is not reinforced with additional data.

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



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

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

ATLAS
arxivi1204.0735 LHCb-CONF-2012-017

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

tH'_I'TELED-i (2012) 033, arXiv:1203.3976. B( B;_:] outuT)< 4.2 x 10 9
PRL 108 (2012) 231801, arXiv:1203.4493 H[Bﬂ o, ;,—;_f_)s;'_ 81 x 1019

ATLAS+CMS+LHCD

LHCbh-CONF-2012-017 Preliminary limit combination

0 10 20 30 40 50
B(Bs — p ™) x 107¢

David Hutchcroft, BEACH2012 9



Limits on super-symmetric models

2.0

rlu'u

10" « BR{B,

Prospects ﬁ::nr1I

=]
]

AT |

B(B
=l
= b3 W B oo o~ |l O

=& [TTITIJIIT 20

i |

 Straub ArXiv:1205.6094

2
b

1 i

w]-1

10* = BR(S, = utu)

a 3o observation pf .t.he.' SM branching ratio:

.,

i)

Projection from 1 fb-!

(LHCbhonlyy

\

- — 1_ .............. H
oband T
........................... S

TIITITITT T TIT T T LT T TTIT]ITT T ITTT

|

I

|
|]|||||||||||||||||||T|||||||| i

Eidiof 2072 i

- {11."111 extension) |
. ! ! =) L

_""‘*——_‘1_ : : : :
i — i i i

1T 1T T

25 3 35 ) 45 5

Luminosity [fb™
David Hutchcroft, BEACH2012
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Impllcatlnns of LHCDb results on New Physics (I)

. =2 Hints of SM deviations of previous measurements have not been confirmed.
Hnwever, more precme measurements are n'luanl:lai:n::r':,ar

. * BR(B,2uu) sets strong I:u:-unds on mass scales in SUST’ (at Ieast in hlgh tan ﬁ
models), complementary to direct searches in ATLAS and CM5S

* LHCDb results enter the SUSY and CKM fits, starting to impose severe bounds on
several models and flavor variables

These lmpllca.tlnns will increase "mrh the full data sa.mple 201 1- lﬂll (= 3.-"fb}

T RE e e v = e LT RE e e

CMSSM - tan =50, A =0

2000 el s S —
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FrIE, K*”,u*,u_

Standard model decays have FCNC through
electroweak loops.

Lots of angles to measure, most are sensitive to ; ;5

new physics in the loops ! Y .

A good SM prediction for the zero point of A, w+ @ ﬂ
for the muon system is at 4.0-4.3 GeV?/c* MM u

arXiv:1105.0376 > W Theory ™M Binned theory b—> EFE ; > 8

g A—eHCh —CCDE SDRLL ~eoobyr g 2 d

B! : 4

H

LHCb .
Preliminary -

L R '1|52'G'1;r2#'42ﬂ
CERN-LHCb-CONF-2012-008  bavid Hutcheroft seacrions - © ] I




I o e T

B Theo ® Counting Experiment ='Unbinned

:
LHCb preliminary measurement is
0.5 . I +1.1 2 4
q; = (4.9773) GeV*/c
0 the first measurement of the
crossing point
L5
L __ 68% CL for unbinned crossing point

i : qu (GevZc!y | Error bars on points are statistical only

BN Theory W Binned theory
—=| HCh —l—l;'EIF —_.—EIELLE —*-BaBar

Also look at the differential branching B e ' LHCb ]
fraction normalised to B® — K*°/p O Preliminary |
hﬂ 1 _-

E 4

Another 3 parameters are also fitted “E _ % 1
F, S,and S, E 0.5} M-
Where theoretical predictions exist theyare = ]
compatible with the SM D'................._..'
D 5 10 15 20

3 G IUrEJr 4
CERN-LHCb-CONF-2012-008  David Hutcheroft, BEACH2012 2y
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CDF Run Il Preliminary L=9.6fb"'
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Simultaneous fit
with K and K"+

Agg

A.(2)

CDF Public
Note 10894
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Isospin asymmetryinB = K™ utu~
B(BD K{”D.H+H—) ( )E(BJ’ K=ty

=
B(B® » K™"0uty )+( )‘B(B*—*H“iu 1)

= A,is the isospin asymmetry in the b — K(*}u'ﬂu'svs’cem
= 1,/1, 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
B to small and negative as q* rises

10
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Theory Bl Binned theory l Dnta Ihean -Bm.ﬂed thenr} i Data
’ B - Kt LHL h H —K 'u 18 LHCD
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Deficit seen in at low g2 : .
9 Differential Branching ratio measurements
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CDF Run Il Preliminary L=9.6fb™

= 27
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Difference between 12/ + B Ku'iw
K"+ and K0 rates 1} :
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LHCb sees a 40 effect. 05

s
15 CDF
2024 6 8 10121416182022

q? (GeV?/c?)

7/23/2012



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

Acp(B* —=pK+)=(12.8+4.4+1.3)%  BABAR
SM = (0 - 4.7)%

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

AAcp = Acp(KFm0) - ALp(Ktn) = 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%0-53 .o £ 0.24)10 BABAR (but not Belle)
SM = (0.62 £ 0.12) 104 - (1.18 £ 0.16) 104

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—DIv)= (0.332 + 0.030) BABAR 2DHM

SM* = 0.252 + 0.003

BO—KOu+tu- deficit in isospin asymm. at low g2 LHCb (but not CDF)
O(1%) in SM 7



I'm afraid this talk will NEVER be a replacement for
not attending the Conference ....
which has been very good and full of very good talks
and results !

74



