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The year of many mood changes...

® Sometimes it feels like being in heaven, sometimes... not quite...
Key roles of Am g and ex remain — vs. flood of C'P viol. data, exploring Higgs flavor, etc.

® The LHC runs amazingly well = many new results soon
— Some hints of NP come and go (750 GeV...)

— 2016 data more than 10x that in 2015
Big increase in mass scale sensitivity — long time until the next such

Congratulations to India on becoming an Associate Member State of CERN a week ago!

[ NA62 data taking, Belle Il approaching, LHCb future upgrade discussions
+ improving EDM, CLFV, dark matter, etc., experiments

excitement of probing and understanding the SM much better
(recent discoveries of unexpected hadronic states)

of discovering BSM phenomena
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The SM cannot be the full story

® Evidence that the SM is incomplete:

— Neutrino mass (lepton number violated?)

May be connected to the TeV scale: wimp, baryogenesis, but many other options

® Hierarchy puzzle (Is 126 GeV scalar = SM Higgs? why so light? why so heavy?)

In the 90s, most theorists expected NP discoveries well before current sensitivities

(Many talks on how SUSY cascades would cause problems to understand LHC signals)

Since then, Dark energy: missing something completely? asking the right questions?

~
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The scale of new physics?

® Theoretical prejudices about new physics did not work as expected 10-20yrs ago

Arguments quite compelling, eagerly awaiting 13 TeV LHC results
® |_eave no stone unturned searching for NP — but no guarantees after Higgs

® Maybe measures of fine tuning are off, and NP is an order of magnitude heavier?
Flavor may be even more important (deviation from SM — upper bound on scale)

® New physics at LHC — MFV probably useful approximation to its flavor structure

New physics at 10' =2 TeV — less strong flavor suppression (MFV less motivated)

® Discovering deviations from the SM flavor sector is possible in either case
(LHC-scale MFV-like, or heavier more generic scenarios)

® Potential for surprises: lepton flavor violation, dark sectors (invisible), etc.

~
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C P violation itself was a surprise

PROPOSAL FOR KOZMDECAY AND INTERACTION EXPERIMENT

J. W. Cronin, V. L. Fitch, R. Turlay
(April 10, 1963)

I. INTRODUCTION

The present proposal was largely stimulated by the recent anomalous

results of Adair et al., on the coherent regeneration of K. mesons. It
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is the purpose of this experiment to check these results with a precision

far transcending that attained in the previous experiment. Other results

to be obtained will be a new and much better limit for the partial rate

+ -
of Ko2 > m 4+ w7 , a new limit for the presence (or absence) of neutral

+ —
currents as observed through K, + u + p . In addition, if time permits,

2

the coherent regeneration of Kl's in dense materials can be observed
with good accuracy.
II. EXPERIMENTAL APPARATUS

Fortuitously the equipment of this experiment already exists in

operating condition. We propose to use the present 30° neutral beam at
the A.G.S. along with the di-pion detector and hydrogen target currently
being used by Cronin, et al. at the Cosmotron. We further propose that
this experiment be done during the forthcoming u-p scattering experiment
on a parasitic basis.

The di-pion apparatus appears ideal for the experiment. The energy
resolution is better than 4 Mev in the m* or tﬁe Q value measurement.
The origin of the decay can be located to better than 0.1 inches. The 4
Mev resolution is to be compared with the 20 Mev in the Adair bubble
chamber. Indeed it is through the greatly improved resolution (coupled
with better statistics) that one can expect to get improved limits on

the partial decay rates mentioned above.

III. COUNTING RATES

We have made careful Monte Caglo calculations of the counting rates
expected. For example, using the BO:vbeam with the detector 60-ft. from
the A.G.S. target we could expect 0;6 decay events per 1011 circulating
protons if the K, went entirely to éwo piéns- This means that one can
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set a limit of about one in a thousand for the partial rate of K2 > 27

in one hour of operation. The actual limit is set, of course, by the

number of three-body X, decays that look like two-body decays. We have

2

not as yet made detailed calculations of this. However, it is certain

that the excellent resolution of the apparatus will greatly assist in
arriving at a much better limit.
If the experiment of Adair, et al. is correct the rate of coherently

regenerated K.'s in hydrogen will be approximately 80/hour. This is to

1
be compared with a total of 20 events in the original experiment. The
apparatus has enough angular acceptance to detect incoherently produced
Klws with uniform efficiency to beyond 15°. We emphasize the advantage
of being able to remove the regenerating material (e.g., hydrogen) from
the neutral beam.

IV. POWER REQUIREMENTS

The power requirements for the experiment are extraordinarily modest.

We must power one 18-in. x 36-in. magnet for sweeping the beam of charged
particles. The two magnets in the di-pion spectrometer are operated in

series and use a total of 20 kw.



1. Observation of a broad structure in the «* «~ J /¢ mass spectrum around 4,26-GeV/c’

BaBar Collaboration (Bernard Aubert (Annecy, LAPP) et al.). Jun 2005. 7 pp.
Published in Phys.Rev.Lett. 95 (2005) 142001
BABAR-PUB-05-29, SLAC-FUE-11320
DOk 10.1103/PhysRevlett 95142001
e-Print: hep-ex/0506081 | PDE
References | BibTeX | LaTeX(US) | LaTex(EV) | Harvmac | EndNote

BaBar, 500+ cites ‘

ADS Abstract Service; BaBar Publications Database; BaBar Password Protected Publications Database; Link to
PRESSRELEASE; Phys. Rew, Lett. Server; SLAC Document Server; SLAC Document Server

Detailed record - Cited by 608 records [

2.study of the B — J/¢pK~n"n~ decay and measurement of the B — X(3872)K ™~ branching

fraction

BaBar Collaboration (Bernard Aubert (Annecy, LAPP) et al). Jun 2004, 7 pp.

Published in Phys.Rev. D71 (2005) 071103

SLAC-PUB-10475, BABAR-FUE-04-011

DOl 10.1103/PhysRevD. 71.071103

e-Print: hep-ex/0406022 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EV) | Harvmac | Endiote
ADS Abstract Service; BaBar Publications Database; BaBar Password Protected Publications Database; Phys.
Rew, D Server; SLAC Document Server

Detailed record - Cited by 509 records FiliE

3. Observation of a narrow meson decaying to Din% at a mass of 2,32-GeV/c?
BaBar Collaboration (B. Aubert (Annecy, LAPP) et all). Apr 2003. 7 pp.
Published in Phys.Rev.Lett. 90 (2003) 242001
SLAC-PUB-9711, BABAR-PUB-03-011
DOl 10.1103/PhysRevlett, 90.242001 /
e-Print: hep-ex/0304021 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | Endiote
CERM Document Sernver ; ADS Abstract Service; BaBar Publications Database; BaBar Password Protected
Publications Database; Link to PRESSRELEASE; Phys. Rev. Lett. Server; SLAC Document Server

Detailed record - Cited by 729 records [

4. Measurement of the CP-violating asymmetry amplitude sin 23
BaBar Collaboration (Bernard Aubert (Annecy, LAPP) et al). Jul 2002, 7 pp.
Published in Phys.Rev.Lett. 89 (2002) 201802

N
Surprises: “new” QCD states

SLAC-PUB-9293, BABAR-PUB-02-008 \
DOk 10.1103/PhysRevlett. 89.201802
e-Print: hep-ex/0207042 | PDFE

Beferences | BibTeX | LaTeX(US) | LaTeX(EW) | Harvmac | Endiote

CERM Document Server ; ADS Abstract Service; BaBar Publications Database; BaBar Password Protected

Publications Database; Phys. Rew. Lett, Server; SLAC Document Server

Detailed record - Cited by 536 records |

5. observation of CP violation in the B® meson system

BaBar Collaboration (Bernard Aubert (Annecy, LAPTH) et al.), Jul 2001, 8 pp.

Published in Phys.Rev.Lett. 87 (2001) 091801

SLAC-PUB-B904, BABAR-FPUB-01-18

DOl 10.1103/PhysReviett, 87091801

e-Print: hep-ex/0107013 | PDE
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | Endiote
ADS Abstract Service; BaBar Publications Database; BaBar Password Protected Publications Database; Link to
PRESSRELEASE; Phys. Rew. Lett, Server; SLAC Document Server

Detailed record - Cited by 734 racords

6. The BaBar detector

BaBar Collaboration (Bernard Aubert (Annecy, LAPP) et al.). Apr 2001. 119 pp.

Published in Nucl.Instrum.Meth. A479 (2002) 1-116

SLAC-PUB-B569, BABAR-PUB-01-08

DOl 10.1016/50168-9002(01)02012-5

e-Print: hep-ex/0105044 | PDE
References | BibTeX | LaTeX(US) | LaTeX(EV) | Harvmac | Endiote
ADS Abstract Service; BaBar Publications Database; BaBar Password Protected Publications Database; SLAC
Document Server

Detailed record - Cited by 1923 records [iiligy

. SM-like: C'P violation



1. Observation of a resonance-like structure in the pi+- psi-prime mass distribution in
exclusive B ---> K pi+- psi-prime decays
Belle Collaboration (S.K. Choi (Gyeongsang Natl. U.) et al.). Aug 2007, 12 pp.

=
Published in Phys.Rev.Lett. 100 (2008) 142001 B I I I
BELLE-COMF-0773 ,

DO 10.1103/PhysPeviett. 100.142001

Presented at Conferance: C0O7-08-13 Proceedings

e-Print: arXiv:0708.1790 [hep-ex] | PDF
Beferences | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | Endhote
ADS Abstract Service

Detailed record - Cited by 481 records

2. Observation of a near-threshold omega J/psi mass enhancement in exclusive B ---> K

omeqga J/psi decays

Belle Collaboration (Kazuo Abe (KEK, Tsukuba) et al.), Aug 2004, 10 pp.

Published in Phys.Rev.Lett. 94 {2005) 182002

BELLE-COMF-0473

DOl 10.1103/PhysReviett. 94.182002

Presented at Conference: C04-08-16.3 Proceedings

e-Print: hep-ex/0408126 | PDF
Beferences | BibTeX | LaTeX(U5) | LaTeX(EU) | Harvmac | Endhote
ADS Abstract Service

Detailed record - Cited by 412 records

3. Observation of a narrow charmonium - like state in exclusive B+- ---> K+- pi+ pi-] / psi

decays
Belle Collaboration (S.K. Choi (Gyeongsang Natl. U.) et al.). Sep 2003, 10 pp.
Published in Phys.Rev.Lett. 91 (2003) 262001 N\

DOl 10.1103/PhysReviett. 91.262001 1 P 1 "
e-Print: heg-eg{\(;SBC%fogz | PDE S U rprlses . neW QC D States
Beferences | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | Endhote

ADS Abstract Service; ADS Abstract Service; Link to PRESSREIEASE
Detailed record - Cited by 1253 records

4. An Improved measurement of mixing induced CP violation in the neutral B meson system
Eelle Collaboration (Kazuo Abe (KEK, Tsukuba) et 21.). Aug 2002, 10 pp. SM |' k . C : I :
Published in Phys.Rev. D66 (2002) 071102 Vg - I e . P VIO atlon
KEK-FREPRINT-2002-86, BELLE-PREFRINT-2002-30

DOl: 10.1103/PhysRevD.66.071102
e-Print: hep-ex/0208025 | PDE

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndMote
ADS Abstract Senvice

Detailed record - Cited by 383 records

5. Observation of large CP violation in the neutral B meson system
Belle Collaboration (Kazuo Abe (KEK, Tsukuba) et al). Jul 2001, 12 pp.
Published in Phys.Rev.Lett. 87 {2001) 091802
KEK-PREPRINT-2001-50, BELLE-PREPRINT-2001-10
DOl 10.1103/PhysReviett. 87.091802
e-Print: hep-ex/0107061 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndMote
ADS Abstract Service

Detailed record - Cited by 821 records [Fi

6. A Measurement of the branching fraction for the inclusive B ---> X(s) gamma decays with
BELLE
Belle Collaboration (Kazuc Abe (KEK, Tsukuba) et al.). Mar 2001, 13 pp.
Published in Phys.Lett. B511 (2001) 151-158
KEK-PREPRINT-2001-3, BELLE-PREPRINT-2001-2
DOl 10.1016/50370-2693(01)00625-8
e-Print: hep-ex/0103042 | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndMote
ADS Abstract Service

Detailed record - Cited by 427 records




1. Observation of J /¢p Resonances Consistent with Pentaquark States in

A) — J /4K~ p Decays

LHCE Collaboration (Roel Aaij (CERN) et al.). Jul 13, 2015, 15 pp.

Published in Phys.Rewv.Lett. 115 (2015) 072001

CERN-PH-EP-2015-153, LHCB-PAPER-2015-029

DOl 10.1103/PhysRevlett 115.072001

e-Print: arxXiv:1507.03414 [hep-ex] | PDF
References | BibTeX | LaTeX(US] | LaTeX(EU] | Harvmac | Endhote
CERN Document Server; ADS Abstract Service; Interactions.org article; Link to BBC News article; Link
to SYMMETRY; Link to Discoverycom news article; Link to Nature Mews article; Link to PBS website;
Link to Scientific American article

Detailed record - Cited by 273 records

2. Test of lepton universality using B* — K *{*{~ decays
LHCb Collaboration (Roel Aaij (MIKHEF, Amsterdam) et 20). Jun 25, 2014. 10 pp.
Published in Phys.Rewv.Lett. 113 (2014) 151601
CERN-PH-EP-2014-140, LHCB-PAPER-2014-024
DOl 10.1103/PhysReviett 113.151601
e-Print: arXiv:1406.6482 [hep-ex] | PDF
References | BibTeX | LaTeX({US] | LaTeX(EU] | Harvmac | EndMote
CERN Document Senver; ADS Abstract Service

Detailed record - Cited by 245 records

3. Measurement of Form-Factor-Independent Observables in the Decay B? — I(’D_u"” I’
LHCE Collaboration (R Aaij (NIKHEF, Amsterdam) et a/.). Aug 7, 2013. 8 pp.
Published in Phys.Rev.Lett. 111 (2013) 191801
LHCB-PAPER-2013-037, CERN-PH-EP-2013-146
DOl 10.1103/PhysRevlett, 111.191801
e-Print: arXiv:1308.1707 [hep-ex] | EDE
References | BibTeX | LaTex(US] | LaTeX(EU] | Harvmac | Endhote
CERM Document Server; ADS Abstract Service
Detailed record - Cited by 264 records

4. Measurement of the BY — u* ™ branching fraction and search for B 5 T

decays at the LHCb experiment

LHCE Collaboration (R. Aaij (NIKHEF, Amsterdam) et al.). Jul 18, 2013. 9 pp.
Published in Phys.Rev.Lett. 111 (2013) 101805

CERN-PH-EP-2013-128, LHCB-PAFPER-2013-046

DOl 10.1103/PhysReviett.111.101805

e-Print: arxiv:1307.5024 [hep-ex] | PDE

References | BibTeX | LaTeX({US] | LaTeX(EU] | Harvmac | EndMote
CERN Document Server; ADS Abstract Service: Interactions.org article

Detailed record - Cited by 314 records

5. First Evidence for the Decay B? — p*pu~
LHCE Collaboration (R Aaij (NIKHEF, Amsterdam) et al.). Nov 2012, 9 pp.
Published in Phys.Rev.Lett. 110 (2013) no.2, 021801
CERN-PH-EP-2012-335, LHCB-PAPER-2012-043
DOl: 10.1103/PhysRevlett.110.021801
e-Print: arxiv:1211.2674 [hep-ex] | PDE
References | BibTeX | LaTeX({US)] | LaTeX(EU] | Harvmac | EndMote
CERN Document Server; ADS Abstract Service

Detailed record - Cited by 403 records

6. Evidence for CP violation in time-integrated D° — h~h* decay rates
LHCh Collaboration (R. Aaij (MIKHEF, Amsterdam) et al.). Dec 2011. 8 pp.
Published in Phys.Rev.Lett. 108 (2012) 111602
LHCB-PAPER-2011-023, CERN-PH-EP-2011-208
DOl: 10.1103/PhysRevlett.108.129903, 10.1103/PhysRevlett. 108.111602
e-Print: arXiv:1112. 0938 [hep-ex] | PDF
References | BibTeX | LaTeX(US] | LaTeX(EU] | Harvmac | Endhote
CERM Document Server; ADS Abstract Service

Detailed record - Cited by 300 records

LHCDb, top cites

Hints: lepton flavor violation?
(started @ BaBar & Belle)

Come & gone: D direct C'P viol.
Surprises: more “new” QCD

SM-like: By — utu~
C P violation in By



Outline — rest of this talk

® Near future: current tensions with SM — most often talked about

best chance to become decisive soon (unless fluctuations)

® Far future: large improvements in new physics sensitivity

two examples: meson mixing & vector-like fermions

® | HC high-p flavor: top, higgs, BSM

~
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The standard model CKM fit

1-5IIII|IIII|IIII®|IIIIIIIIIIII

excluded area has CL > 0.95 |

Y

¢
%
e
"
2
N

® SM dominates C' P viol. = KM Nobel 1.0

® The implications of the consistency 0.5 -
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The standard model CKM fit

® SM dominates C P viol. = KM Nobel *
e The implications of the consistency
often overstated ot

® |arger allowed region if the SM is

not assumed

- 0.4

® Tree-level (mainly V,; & ~y) vs. loop-
dominated measurements crucial
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® (O(20%) NP contributions to most loop-level processes (FCNC) are still allowed
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Flavor anomalies: (subjective) status

® Intriguing tensions with the SM predictions ho1y
B-Ke*e /B-Ku*u
® Some could be unambiguous BSM signals
2 By DO pu CP asym
_ k= B->DM v
Except for theoretically cleanest modes, =
<b]
cross-checks are needed case -
S B->K*ufu angular
— measurements of related observables g | Veol inclfexcl
g | Vib| incl/excl
— independent theory / lattice calculations = Bs>@u 1
g-2
€le
| | |
1 2 3 4
significance (0)
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The B — D™ riz decay rates

I'(B — X1 ?05:"_"ar """ T ]

® BaBar/Belle / LHCb: R(X) = 2 270 & 1 SHEad el
_> € IJ’ 14 0: :_ - Belle, ’c’:\rXiv:lGC’)B.OG?ll _:

Nearly 40 from the SM predictions! o_4f_ T PG Avaage, PU) = o7 E
R(D) R(D") 0.35F .

World average | 0.397 +£0.049 0.316 £ 0.016 03E Q E

SM expectation | 0.300 £ 0.010 0.252 4 0.005 0255 E

Belle II, 50/ab £0.010 £0.005 E|553)>P533§§oﬁ33§352> =

O'%.Z 0.3 0.4 0.5 0.6

Robust SM predictions: heavy quark symmetry + lattice QCD (only D so far) R(D)

® TenSiOn: R(D(*)) VS. B(b — X7'+V) — (241 + 023)% (LEP) [Freytsis, ZL, Ruderman]
SM: R(X.) = 0.223 + 0.004 — no B(B — X 7v) measurement since LEP

Need NP at a fairly low scale (leptoquarks, W’, etc.), likely visible at the LHC

[Fajfer, Kamenik, Nisandzic, Zupan, many others]

® Next: LHCb result with hadronic = decays, measure R(D), maybe A, decay

~
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B — K*u*tp~: the P, anomaly

15

Belle prelirrlﬂnary | HH This Analysis
B L. ' i Cb 2013
® Optlmlzed observables [1202.4266 + long history] 10 t:Cb 2015
. , . s SM from DHMV
(some assumptions about what’s optimal) 05 .
2% 00 =[]
Global fits: best solution: NP reduces Cy =SS0 I
-0.5 L -.%__ -
[Altmannshofer, Straub; Descotes-Genon, Matias, Virto; | o
Jager, Martin Camalich; Bobet, Hiller, van Dyk; many more] -1.0 | IS .
7T : : % éT 10 15 20
Difficult for lattice QCD, large recaoil £ (GeV? /e

NP, fluctuation, SM theory?
® Tests: other observables, ¢g* dependence, B, and A, decays, other final states
® Connected to many other processes: Is the cc¢ loop tractable perturbatively at

small ¢?? Can one calculate form factors (ratios) reliably at small ¢??
Impacts many observables: semileptonic & nonleptonic, interpreting C'P viol., etc.
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Dark sectors: bump huntingin B — K*utu~

® Nearly and order of magnitude improvement due to dedicated LHCb analysis

In “axion portal” models, scalar couples as (m./ f.) ¥y5v a

Freytsis, Ligeti, Thaler
[0911.5355]

1000 2000 3000 4000

[LHCb, 1508.04094] m(u*u) [MeV]

® Several future LHCDb dark photon search proposals

Bound on f, tan’f (Large tan B)

E) I B(x - hadrons) =0 LHCb | < v
o b B B(x - hadrons) = 0.99 § 100
N
= (o)
% 2@ 80|
: >
3 S 2 e
05 3 o
— 12 5 40}
s} = =
N I 8
S 5 2|
= —
S z 0

(/A ¢'
200 400 600 800 1000 1200 1400

(m; coupling in loops)

LHCb, m(a) = 600 MeV
[1508.04094]

\/

700

1560
1420
1280

{1140

0

[llten et al., 1603.08926, 1509.06765]
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Some other highlights

0.14} HFAG @B
EmEm
— 012 ", 1 68% CL contours |
Im (Alog £ =1.15)
= 010
0
—
<1 008
0.06
—0.4 02 0.0 0.2
(o] 2016

CP violation in B, — 9o

now consistent with SM

Sool
7 ~ LHCb |
< >%ww
Theory x 10
0 Hlee &
~~~~~~~ .World average
-0.01-
-002 [ average
HFAG B factory
Summer 2016 average
1 1 1 l 1
-0.02 -0.01 0 0.01 0.02
As(B)

Agr,: important, indep.
of D anomaly

% --- Belle 3 Combined
1 r
CKM 14 --- LHCb e BaBar
Full Frequentist treatment on MC basis
1-0 L ‘ L ‘ L ‘ T EqY ‘ L ‘ L ‘ L ‘ L ‘ L
L Er
L B \ B
0.8 — —
3 0.6 - b
© ]
> [ ]
2 04 —
02 [ .
00 i L sl ENSY S L
0 20 100 120 140 160 180

¥

Measurements of ~ crucial,
LHCDb is now most precise

Uncertainty of predictions < current experimental errors (= seek lot more data)

| have nothing new to add about ~ — 71 and hint of violation of lepton universality
inB — Kutpu  vs. B— Kete™ —

ZL—p. 14
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Charm C'P violation and mixing

® ('P violation in D decay
LHCD, late 2011: Adcp = Apr - — A+ — = —(8.24+£2.4) x 1073
Current WA: AAcp = —(2.5£1.0) x 1072 N (a stretch in the SM, imho)

® | think we still don’t know how big an effect could (not) be accommodated in SM

o

CPV allowed mio

w30
40

y (%)

[2]
o
T

1.2 CKM 2016
1

W50

Arg(a/p) [deg.]
3

® Mixing generated by down quarks

or in SUSY by up-type squarks os

0.4
® Value of Am? Noteven 2o yet L
_o_zf no mixing §7o
® Connections to FCNC top decays o S
O S A b b T 12 6 os 1 iz e e

x (%) [New from Alan at midnight!] Io/pl

® SUSY:interplay of D & K bounds: alignment, universality, heavy squarks?

ZL-p. 15 B
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Future progress samples




Reducing theory uncertainty of 3 = ¢,

® Hadronic uncertainty: |V, Vis/ (Ve Ves)| X (“P/T7) ~ 0.02 x (ratio of matrix elem.)
Claims of large effects, many proposals, encouraging experimental bounds

Complicated literature: diagrammatic assumptions, there is no SU (3) relation between ¢ and p

1

® Can suppress V,,;, contribution by SU (3) breaking:
Sks—MA2S 0 — 2(Ax + N?Ay) tany cos 28 os|

93
sin 23 T2
_ T(Bg— JWKY) —T(BT — JppK™) 0.6
K= T (B;— JWKY + T(B+— JRWKT) =
_ 2T(By— Jjpn®) — (BT = Jpprt) 0.4 [N
" 9T (By— JApm0) + T(B+ — Jhpmt) R
(04
® Control uncertainties with data (zL & Robinson, 1507.06671] %2 [
Get: 8= (27.24+2.6)° vs. CKMfit: (21.9£0.7)° /¥ 5
. ‘ ‘ ‘
Isospin asymmetries are difficult  ung, 1510.03423] 002 04 06 08 !

p
® |ild tension: fluctuation in Ax = —(4.3 £2.4) x 1072 ? isospin violation? ...?

~
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® Meson mixing:

New physics in B mixing

b W~ d b_ l Z} . d General parametrization:
U Up Uy b, Mg = Mp" x (1 + ?‘iﬁg)
p Ww- b d X; b NP parameters
C C
SM: =X NP: =X°
mi, A2

What is the scale A? How different is Cyp from Cgp?

If deviation from SM seen = upper bound on A

® Assume: (i) 3 x 3 CKM matrix is unitary; (ii) tree-level decays dominated by SM

® |\lodified: loop-mediated (Amg, Amg, B, Bs, @, ...)
Unchanged: tree-dominated (v, [Vus|, |Ves|s )

(Importance of these constraints is known since the 70s, conservative picture of future progress)
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Future sensitivity to new physics in B mixing

Now | LHCb 50/fb + BeIIe Il 50/ab
® At95% CL: NP < (0.3 x SM) 2= e
2.5 7] ] 0.8
= NP < (005 X SM) E 4 oz
20 ] . 0.6
. ( ) P SM 210 > 15 ? i 0.5
Use: Mlg = M12 (1‘|‘hq€ ’ q) ° E 3 FHoa
1.0 ] ] 0.3
Ci|? [4.5TeV\” ; E
® Scale: h ~ |‘|/*§J/| |2< A ) 05 . HFAG2014E f :.j
ti V'tJ R . . 4 M~
0.0 R [ RSN BRI R 0.0
2‘3 >< 103 Tev 0.0 0.1 0.2 ) 0.3 I0.4 20.5 d tt d 01'?) 0.2 ) 0.3 0.4 0.5
iAN 20TeV (tree+CKM) 0'5k‘1,ds;afh;sﬁ.95”‘”” [9(*)*0!’***0- O *e**;msc**o-*] ***** [ B 1.0
2 TeV (loop + CKM) ot =0 L
® Similar to LHC m reach 1 F 1B
L r 0.5
® B,vs. B,, MFV vs. non-MFV 4 ear 1 [Hoe
i 0.3
will have comparable con- . PE 1 Ko
straints (unlike in the past) e N - ZASVUNNR | =
P e e e
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Sensitivity to vector-like fermions

® Do not make hierarchy problem worse; vector-like fermions can Yukawa couple to
the SM fermions via the Higgs in 11 models (= FCNC Z couplings)

Model Quantum
numbers 1] = 12 1 = 13 1] = 23
I (1,3, —1) 220% 4.9° 5.2¢
1400% 13b 15€
(1,2, —1/2) 310 7.0° 7.4¢
2000 1gb 21¢
AF =1 AF — 2 AF—1 AF=2 | AF=1 AF-=2
vV (3,1,-1/3) | 66%[100]° {42, 670}/ 309 25/ 21" 6.47
280 {100, 1000}/ 60! 617 39% 147
VIl (3,3,-1/3) | 479 [71]¢ (47, 7501/ 219 2gh 15¢ 7.2
200 {110, 1100}/ 42! 68" ogh 167
Xl (3,2,-5/6) | 66%[100]¢ (42, 670} 309 25N 18k 6.47
280 {100, 1000}/ 60! 617 39% 147

Upper (lower) rows are current (future) sensitivities for 5 models [Ishiwata, ZL, Wise, 1506.03484; Bobeth et al., 1609.04783]

Strongest bounds from many processes, nominally 1-2 generation is most sensitive, many options in concrete models
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Semileptonic decays and time travel

® | am working on several topics that could have been done 10-20 years ago
... motivated by R(D™)) and inclusive/exclusive |V,;| issues

® [F. Bernlochner, H. Lacker, ZL, I. Stewart, F. Tackmann, K. Tackmann] = Frank’s talk
Optimally combine all informationon B — X, /v & B — X
Consistently treat uncertainties and correlations (exp, theo, param’s)

® [F. Bernlochner, S. Duell, ZL, M. Papucci, D. Robinson] See: 1610.02045 + in progress
Analytic treatment of fully differential rates of the visible final states |\/| C

in B — X /v + efficient MC to reweight simulations to any NP model eyt voie

® B — D**/v [Bernlochner & ZL, 1606.09300] + in progress

A large systematic uncertainty in R(D*)) and some |V,;| measurements
Measuring R(D**): additional discriminating power between models

Amusingly, few days ago was just looking at Cho, Wise, Trivedi, hep-ph/9408352, “Gluon fragmentation into polarized charmonium”

~
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Couple of B —+ D**ri plots

® Complementary sensitivities [Bernlochner & ZL, 1606.09300v2]
Type || 2HDM For fixed Sg + S, = 0.25, favored by BaBar
4 4 ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘
5 | g ) |
o3 S — R(Do") |
x| * —R(Dy") |
g2 g ]
% I ulf |
= % " :
z | X7 ¥g i
&
3 O o
0 0.2 0.4 0.6 0.8 1.0 6 —4 —2 0 2 4
tan B/ my+ [GeV 1] %-S

Different patterns in two blue bands

~
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top / higgs / BSM flavor




The LHC is a top factory: top flavor physics

® FCNC top decays not too strongly constrained M
SM predictions: < 10712 t w
Best current bound: < few x 1074 [ATLAS,CMS] 000000
l
® Sensitivity will improve ~ 2 orders of magnitude t Ml

® [ndirect constraints: ¢, «+ b;, = tight bounds from B decays

— Strong bounds on operators with left-handed fields

— Right-handed operators could give rise to LHC signals

® |f top FCNC is seen, LHC & B factories will both probe the NP responsible for it

~
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The LHC is a Higgs factory

® Richness due to Yukawa couplings: same as origin of “GeV-scale flavor physics”
Many production and decay channels, fermion couplings crucial

Fusion tt Fusion v TELT 7 7 % T T o A 1§
. a9 8 ; — WwW E o
5 F 1
3 [ it
......... H IE B ] %
+ -1 dg —
: 10 . §
g o E
oy
I —
10 =
zy -
1 0-3 I T S A I T S T : 1\ WP B
100 120 140 160 180 200
M, [GeV]

® Higgs flavor param’s: 3rd gen: ky, Kk, k- 2nd gen: k., k, DO K¢, K-, Vanish?

~
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New particles, e.g., SUSY

® Any new particle that couples to quarks or leptons = new flavor parameters
(Squark & slepton couplings may modify FCNCs and C P violation, e.g., B— ¢1¢~, u— e~, ...)

C' P violation also possible in flavor diagonal processes (EDMs), neutral currents

Couplings of new particles to quarks and leptons will be important (e.g.: Higgs)

® New physics flavor structure can be: new physics mass scale:

— (Near) minimally flavor violating (mimic SM) can be “light”

— Related but not identical to SM T J/

— Unrelated to the SM, or completely anarchic must be heavy

~
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Hide flavor < high-pr signals (Run 1 plots)

0 squark limits
?’\‘:, Lstb?
® Despite lore, squarks need not be as degen- TN ;
) — B _ 8squarks
erate as often thought / assumed (triggered by 2,0 NN
: SO
StUdymg charm CPV) [Gedalia, Kamenik, ZL, Perez] lo_zlgmgrazor 1 squark™s.
%CMSjeTts+MET
_3*ATLASj§tSfMET “““ s U
Top plot: each LHC search becomes weaker P20 a0 I
Mg [S)
[Mahbubani, Papucci, Perez, Ruderman, Weiler] . Seq qv' Valence
Bottom plot: unshaded region still allowed if 4— ey
VN \\ =y T | Ty 1
4 squarks (but not all 8) are degenerate R
% 1500 o TR ]
® [f 4 pairs of u, d, s, ¢ squarks not degenerate, % 1 05------ 8 |
lot weaker LHC bounds: 1.2TeV = 600GeV &
INadd
® Ways for naturalness to survive... .
500
1000 1500 2000
ZL_p 25 Mejp = Mgjp [Gevlrrrrrr




Final remarks




What are the largest useful data sets?

® Which measurements will remain far from being limited by theory uncertainties?
— For v = ¢3, theory uncertainty only from higher order EW
— B, 4 — pp, B — pv and other leptonic decays (lattice QCD, [double] ratios)
— A%® — new ideas to get around exp. syst. limits?
— Probably C'P violation in D mixing (firm up theory)
— CLFV, EDM, etc.

[l guess until ~10° x Belle Il & LHCb upgrade data, sensitivity to higher scales would improve]

O (exp. bound) /SM 2, 10?
E.g., Bis — 77, ete” — can build models... | hope to be wrong!

® Precision of fs/f4? 0.259 & 0.015 appears near the ~ 5% systematic limit [LHCb-CONF-2013-011]
B(B, — ptp) B(Bs — Dupv)

Ultimately normalize to semileptonic, e.qg., X :
Y P J B(Bs — Dsutv) B(Bg— ptpo)

~
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Push B, ; — u*u~ to theory limit

® For B;, CMS (LHCDb) expect ultimately 15—20% (30—40%) precision at SM level
SM uncertainty ~ (2%) & f%q ® CKM  [Bobeth, FPCP'15]

o'lj_| 0_8 T T T T | ||||||| | T T T | T I\ T | T T T T | T T T T
=) \ATLAS .
P (s=7TeV,49f0" ]

Is=8TeV, 20 b’

Contours for -2 Aln(L) = 2.3,

—0.2k‘ 6.2, 11.8 from maximum of L
EN L B N LN N
0 1 2 3 4 5 6 7

B(BS — u* 1) [10°)
® Theoretically cleanest V| | know, only isospin: B(B, — €0)/B(Bg — putu™)

® A decay with mass-scale sensitivity (dim.-6 operator) that competes w/ K — wvip

~
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A test that can improve x10

® Order of magnitude improvement in this comparison is possible

e
\'

0.6 FPCP 13

Y
0.5

0.4

[excluded area has CL > 0.95]

/\‘I
/

0.3

0.2

0.1

:h_IIII|IIII|IIII|IIII|IIIIM|IIII

= IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.0

-0.2 0.0 0.2 0.4 0.6 0.8

p

1
o

® More data will directly translate to improved sensitivity to new physics

® Ultimate reach does depend on theory progress (uncertainty of 5 and Amyg ;)

~
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Some theory challenges

® New methods & ideas: recall that the best oo and v measurements are in modes
proposed in light of Belle & BaBar data (i.e., not in the BaBar Physics Book)

— Better SM upper bounds on S,k — Syxgs Sexg — Sykg: @NA Srox, — Syk
(and similarly in B, decays)

— How big can C P violation be in DY — D? mixing (and in D decays) in the SM?

— Better understanding of semileptonic form factors; bound on Sy 0. in SM?

— Inclusive & exclusive semileptonic decays

— Many lattice QCD calculations (operators within and beyond SM)

— Factorization at subleading order (different approaches), charm loops

— Can direct C' P asymmetries in nonleptonic modes be understood enough to
make them “discovery modes”™? [SU(3), the heavy quark limit, etc.]

~
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Conclusions

Flavor physics probes scales > 1 TeV; sensitivity limited by statistics

New physics in FCNCs may still be = 20% of the SM

Few tensions with the SM; some of these (or others) may become decisive
Large future improvements in many channels (+ CLFV + EDM)

Many open theoretical questions which are important for experimental sensitivity

Current flavor bounds Future flavor + ATLAS/CMS
1

Let’'s hope there is NP within reach to L
be discovered and understood EXCLUDED
Flavor & high-pr info complementary @55 T \l\
ATLAS/CMS
1

® MFV

0

1 0
[arXiv:0904.4262] Kij

j

~
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Flavor: very high scale sensitivity

® Eg.: Amg/mrg~7x107 — huge suppressions T

(several small factors)

® In SM: Amg/mg ~ aW |VCSV

® Hypothetical particle:

Am ) A2 Mx :
| K‘N|g QCD 2 >9 % 10°TeV

M3 Amy g
(The bound from € is even stronger)

AmK

TeV scale with SM-like CKM and loop suppressions

® Measurements probe { _ ,
~10° TeV scale with generic flavor structure

Kaon bounds on NP are often the strongest, since so are the SM suppressions

This has been an input to (and not output from) model building — suppression mechanisms devised to be viable

® We do not know where NP will show up = sensitivity to highest scales is crucial

~
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Aside: Charged lepton flavor violation

® SM predicted lepton flavor conservation with m, =0

uw—ey, p—eee, u+ N —->e+ NV pte” — pet
T — WY, T —> ey, T — Ui, T —> eee, T — [Ljie
T — uee, 7 = umw, T —~em, T — uKg, eN - 17N

Given m,, # 0, no reason to impose it as a symmetry < Y
® |f new TeV-scale particles carry lepton number Cow W e
(e.g., sleptons), then they have their own mixing B(p — ev) ~ a ﬂ; ~ 10752
matrices = charged lepton flavor violation Thw
6n p Rg :R b .»-ﬁ’;o;‘;- e '-‘;;;'"% History of u — ey, uN — eN, and pu — 3e
wE g L en
® Many interesting processes: e b 5,

107

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year

® Next 10—20 years: 10°-10° improvement; any signal would trigger broad program

ZL—p.ii
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Aside: Electric dipole moments and SUSY

® SM + m,: CPV can occur in: (i) quark mixing; (ii) lepton mixing; and (iii) fqcp
Only observed dxn # 0, baryogenesis implies there must be more

® Neutron EDM bound: “The strong C'P problem”, 6gcp < 10719 — axion?
fqcp is negligible for CPV in flavor-changing processes Y

W AW
® EDMs from CKM: vanish at one- and two-loop | bgfwfé
large suppression at three-loop level R

® E.g., SUSY: quark and lepton EDMs can be generated at one-loop

Generic prediction (TeV-scale, no small param’s) above cur-
rent bounds; if mgysy ~ O(10 TeV), may still discover EDMs

> 1 >
/

Discovery would give (rough) upper bound on NP scale
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Belle Il — LHCb: complementarity & competition

> 10 B R e RS AR Ry ans s nan s B SRS MMM AAsas RO U Asan Anas naans AROAL AAANS AR T R B
é Ed . Projection (April 2015) = 12 B \‘( Belle Il _Projection (April 2015) N -% 7 Belle Il ... Projection (April 2015) ]
£ : £ = - E
E ! o} B 4 & - 3
5 - %~ LHCb [fb™] e £ - 1E &b 3
= ; 10 - E ]
é —e— Belle (Il) [ab™} P — - X C 3
= = 3 e 5F e _
% s 8 i\\l § o 3
= 10 e - 9 4F o ]
% 6 . « C \’\'\.—.—]I
A y & T Y - oo ]
/ - 3. B ‘ :
N N o .
/o] " 4 " = F (Y7 | i —
N ‘ ~ = 2 aveliiena
i TUITHTTOSILY E S — E mwe | VD] exciusive E
r/'/ 2[— @~ Belle () 70% data Y(as) - T 1k =&~ Belle (I) 70% data Y(4S) ]
. - —@ Belle () all data Y(4S) : - C .- - Belle (ll) all data V(4S) =
I - i ] o .
IO I I T T T S A T O T Y PR IFEFEFT A [T N RN FEETE SRR PR T R wEENE EEENE N T R 'NENE FEETE FEEEE FEENE EE TN AR
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 0 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 0 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
> :|||!|||| T T T[T T T[T T[T T[T T T[T TTT[TTTT ||||: g LB I B B L B B B L B B B B B B B L B L B B B B B BB R B L > R RN LN IR x T
% = \ Belle Il Projection (April 2015) 1 8 - Belle Il Projection (April 2015) - .;EE 25 ; ; Balle It rojection-(April-2015)
5 003 : SR 1 5 E ]
& Tk ] g 1¢ F ]
3 o : 5 (« . ; 91 5 . C;’ i 4 1 = - b
wa.OZS ; B & i v g 75 S g m N 0'08| . 3 A B _, q ' T e - ]
Z - ) ] = I'\, : \\ 15 E\.\ :
3 = A -1 i = -
002 . T - 1 & [
i - \ 1 o 006 o, 5 1 r .
= » \ ] a B \I 4 < a
80,015 i \ ] A C I\-\| ] < .
£ o '\n—.—] 0.04 .
0.01F % e = C .
I -m-LHCb "\1-'\‘ = 4 e = LHcb i 5 “l—l—l.\"I
~ =@ Belle (Il) baseline: 70% data Y(4S) ; — " A i
0.005= __ Belle (1 improved K_:70% data V(4S) . - - Belle (0 70% data Y(4S) i ! ] N
=& Belle (Il) improved K allzdala Y(4S) 7 I~ =@ Belle (Il) all data Y(4S) = -
ST TR PR A Y A I PO P PO Covendnn i i i i ] ]
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 o 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

NB: these plots show statistical errors only, important issues swept under the rug

Details depend on Belle Il and LHC LS2-3 schedules [Urquijo, private communications]
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LHCDb 50/fb summary

Type Observable LHC Run 1 LHCb 2018 LHCDb upgrade  Theory
BY mixing 3+(B° = J$) (rad) 0.049 0.025 0.009 ~0.003
bs(BY = /b £0(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aq(B?) (1073) 2.8 1.4 0.5 0.03
Gluonic o (BY = ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin ¢ (B — K*K*) (rad) 0.19 0.13 0.023 < 0.02
263 (BY = $K2) (rad) 0.30 0.20 0.036 0.02
Right-handed o1 (B? = @) (rad) 0.20 0.13 0.025 < 0.01
currents 78 (BY — ¢ }/Tga 5% 3.2% 0.6% 0.2%
Electroweak S3(B" — K*E',u u; 1 < g < 6GeVH ) 0.04 0.020 0.007 0.02
penguin gz App(B° — K*utp™) 10% 5% 1.9% ~ T%
AI(Bp TR GC:eszc‘l) 0.09 0.05 0.017 ~ 0.02
BBt —= ntutu™)/B(BT — Ktutu™) 14% ™% 2.4% ~ 10%
Higgs B(BY — ptp~) (1077) 1.0 0.5 0.19 0.3
penguin B(B° - ptu~)/B(B? — ptp) 220% 110% 40% ~ 5%
Unitarity v(B — D®K®™) (i 4° 0.9° negligible
triangle v(B? — DFK®) 17* 11 2.0° negligible
angles B(B° — J/v K3) 1.7° 0.8° 0.31° negligible
Charm A(D° S KTK) (109 34 2.2 0.4 =
CP violation AAcp (1073) 0.8 0.5 0.1 ~

® Many measurements with BSM sensitivity improve a lot — 50/fb not enough
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Belle Il 50/ab summary

Abenbl Bl B‘?ue - : ‘Csl Observables Belle Belle 11 £
(2014) 5ab™ 50 ab™ [ab™] (2014) 5ab! 50 ab=!  [ab~]
sin 23 0.667 = 0.023 - 0.012 +0.012 +0.008 6 B(Ds — pv) 531 x 1073(1£0.053 £ 0.038)  £2.9%  +(0.9%-1.3%) > 50
a 420 41° B(D, — Tv) 5.70 x 10~3(1 £ 0.037 + 0.054) £(3.5%-4.3%) +(2.3%-3.6%) 3-5
3 140 16° +15° yop [1077] 1.11+0.22+0.11 +(0.11-0.13)  +(0.05-0.08) 58
i 0.00 . Ar [1072] —0.03+0.20 + 0.08 4010 +(0.03-0.05) 7-9
g(g - qi{{o) & 0'900;:2-19 i ig'gzz ig'gi >Dg A%;K_ [10-2) —0.32 4 0.21 + 0.09 +0.11 +0.06 15
{5~ iR AT, SR e =l AL 1077 0.55 + 0.36 + 0.09 +0.17 +£006 > 50
S(B— KYK2KY) 0.30+0.32+0.08 +0.100 +0.033 44 A%, [10-2] il Py e
|Vep| incl. +2.4% +1.0% &a gl |2 0.56 +0.19 + >9° +0.14 +0.11 3
V| excl. +3.6% +1.8% +14% <1 e 0.30 £ 0.15 £ g2 +0.08 +0.05 15
s
V| incl. +6.5% +34% +3.0% 2 /ol = 0.90% 15 + giog +0.10 £007 56
V5| excl. (had. tag.) +10.8% +47% +24% 20 el Sl L o ke 9
2 [y W i L JSE & A%, 1077 ~0.03+0.64+0.10 +0.29 +0.09  >50
i : : ' = ~ AT [1077 ~0.10 £ 0.16 = 0.09 +0.08 +0.03  >50
t;(B oo < Ti'/) [10_6] 96 + 26 :I:lO% j:5% 46 BT(DO g .\r.,},) [1076] <15 +30% +25% 9
B(B — pv) [107°] = v b0 >>50 >50 T — py [10°9] 45 <147 < AT
R(B — D1v) +16.5% +5.6% +34% 4 T — ey [1077] <120 <39 £12
R(B — D*rv) +9.0% +32% +21% 3 T — ppys [107°] <2L0 <30 <03
B(B — K*tvp) [1079] <40 +30% >50 ) ,
B(B — K+vp) [10-9) s SEi i L = luminosity so that o (stat) = o(syst)
B(B — X.v) [1079] +13% +7% 6% <1 .
A s X w001 x000s 8  (Clear physics cases
S(B — Kg?roﬁr) —0.10+0.31 £0.07 £0.11 £0.035 > 50
S(B — py —0.83 £0.65+0.18 +0.23 +0.07 50 I
7B 07 >50 Broad program, large improvements
C7/Co (B — X,tf) ~20% 10% 5%
B(Bs — vv) [1079] < 8.7 +0.3 .
ety TTRLE | will not go through all...
BB, —rvr=) 1877 <2
N
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Not understood: the B — K« puzzle ‘

® Have we seen new physics in CPV? ) W§<§,a wow () o
v 9

b s, d K+
b B+, BO - |
+ B0 70, 7= ’ _
AK+7T_ = —0.082 4+ 0.006 (P+1) ° ’id v d U d gg T
Apcip0 =0.040£0.021 (P+T+C+A+Pey) ()6 52< i, Few) o _uad
w u _ u, d
. B+ b ds
® Large difference — small SM sources? as o e
Apy o0 — Ap+,— =0.122 £+ 0.022 ’ ’ ’
(Annihilation not shown) [Belle, Nature 452, 332 (2008)]

SCET / factorization predicts: arg (C/T) = O(Aqcp/mp) and A + P, small

® Large fluctuations? Breakdown of 1/m exp.? Missing something subtle? BSM?

No similar tension in branching ratio sum rules and SU(3) relations

® Can we unambiguously understand theory, so that such data could disprove SM?

~
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LHCDb: |Vub| from Ay — puv

® |V,;| crucial for improving constraints on NP = 90— s —
2. gof LHCbsimulation 02
| V| Lucp = (3.27 £ 0.15 £ 0.17 £ 0.06) x 107° g 70E  vbothsolutions | oo
.— 60 o |uti o V- 3
Visltuoy o B(Ac — pKw)  PDG:25% — Belle: 5% one SEen ST
(BES Ill result soon) IS v E
. B " E
® ~ 30 tension among |V,;| measurements 3 E
T st D
Too early to conclude, measurements and theory will improve 0 5 10 15 20
[LHCb, 1504.01568] g2 [GeV?/c4]
8 T [ T [ T [ T T [ T [ T T ("')O 8 T T T T T T T T T T T T
. i - X lv G — B inclusive 1
® ABSM optlon: Un !Eﬁfv EEﬁGBLNP : X 7 I B - v ]
r ---B-only |HFAGavg. w/ e I A,-puv (LHCb)
right-handed = ¢ 1= B corbired -
| x 5_ [Bernlochner, ZL, [Bernlochner & Karbach]
curren.t — less E
good fit now

€R
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LHCDb results on B — K*'x(u™u™)

w o Jy Y(29)+Y(3770)

% = T T T T T T T T T T T T T T T T T
S oF —— Prompt =
= C . Di .
= =  LHCb Displaced J
8 15— —
B - -
k= C ]
g 10 E [LHCb, 1508.04094]
O -

5

N N L | N nina (0 00 0 f0 11 | 0 0060 L 01 100,10 W 1
200 1000 2000 3000

4000
m(u* ) [MeV]
Distribution of m(u™ ™) in the (black) prompt and (red) displaced regions. The shaded bands

denote regions where no search is performed due to (possible) resonance contributions.

1

g

B, - ) _

YOOE T Tt el - o HHe

3 L 7=1000ps T wwrTeen et AT -
)l e S Lfmr L —= — ’%
J| © ¥
S| d 10t B .- L
= = - T 100 L
g '1 - T:]_OOpS Il e e - 'Y - - - B
X | 1) = - i . e . —— - i
Sl R Cete . s LT : 2
Eg b4 10-2__ P = pal W Tty LT — . _:I
o0 T E  1=10ps -A"'"-,t.\_"“‘“""“-— 2P 2 i % wﬂwjlo.g =

?ﬂ — < W Q” - ! o~ - = >

o L

. 1 . . . . 1 . . . . 1 . . . . 1 .
1000 2000 3000 4000
m(u* i) [MeV]

Upper limits at 95% CL. The sparseness of the data leads to rapid fluctuations in the limits.

<
ZL—p.ix /\l A
freeeee ‘m
;mx




Example 1: NP in mixing

® Assume: (i) 3 x 3 CKM matrix is unitary; (ii) tree-level decays dominated by SM

® Simple & general description: o

Stage 1 Stage 11
|Viaa| 0.9738 4 0.0004 0.97425 + 0 + 0.00022 id id
L SM }l 210 |Vis| (Kea) 0.2228 + 0.0039 + 0.0018 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id
]v[12 — ]Vle X (1 %— (& ) lex] (2.282 4 0.017) x 107% (2228 4+ 0.011) x 1073 id id
Amg [ps™ 0.502 + 0.006 0.507 + 0.004 id id
N P arameters Am. [ps™Y > 14.5 [95% CL] 17.768 + 0.024 id id
p [Ven| % 102 (b = efi) 41.6 4 0.58 £ 0.8 41.15 £ 0.33 £ 0.59 42.340.4 [17] 42.340.3 [17]
[Vus| % 10% (b — ufB)|  3.90 + 0.08 4 0.68 3.75 4 0.14 £ 0.26 3.56 +0.10 [17] 3564008  [17]
sin 23 0.726 + 0.037 0.679 + 0.020 0.679£0.016  [17] 0679+ 0.008 [17]
N d a (mod ) (85.4729)° (91.5 4 2)° [17] (91.5 4+ 1)° 7]
ee many measu rements ~ (mod =) (68.07537)° (67.14+4)°  [17, 18] (67.141)° [17, 18]
) B 0.00651 20437 0.0178 £0.012  [18] 0.0178 +0.004 [18]
and Iattlce QCD progress B(B — 7v) x 10* 1.15+0.23 0.83 +0.10 7] 0.83+£0.05  [iT
B(B — pv) x 107 3.740.9 [17] 3.7£0.2 17
Ag, x 10* 10 + 140 23 426 —-7+15 [17] -7+ 10 17
Az x 10 —22 4 52 0.3 4+6.0 [18] 0.3 + 2.0 [18]
. . e 1.24040.2 1.286 4+ 0.013 £ 0.040  1.286 £ 0.020 1.286 + 0.010
® If N P dlscovery hlnges on e 167.0 +£5.0 165.8 + 0.54 + 0.72 id id
a.(mz) 0.1172 4+ 0 + 0.0020 0.1184 + 0 + 0.0007 id id
. . . B 0.86 4 0.06 £ 0.14  0.7615 & 0.0026 + 0.0137 0.774 £0.007 [19, 20] 0.774 4 0.004 [19, 20]
One Ingl’edlent, Wl” need Is, [GeV] 0.217 4 0.012 £ 0.011  0.2256 & 0.0012 + 0.0054 0.232-£0.002 [19, 20] 0.232 4 0.001 [19, 20]
Bz, 1.37 4 0.14 1.326 4+ 0.016 £ 0.040  1.2144£0.060 [19, 20] 1.214 4+ 0.010 [19, 20]
h k I tt / fe./ s, 1.21 4+ 0.05 + 0.01 1.198 4 0.008 £ 0.025  1.205+0.010 [19, 20] 1.205 4+ 0.005 [19, 20]
CrOSS_C eC S (eg =y a ICe w Bg,/Bn, 1.00 + 0.02 1.036 £ 0.013 £ 0.023  1.055+0.010 [19, 20] 1.055 4+ 0.005 [19, 20]
Bg,/Bsg, 1.01 404 0.03 1.03 +£0.02 id
0.87 +0.06 id
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® ~ and |Vy| hope that 2—3% |V.,s| uncertainty can
be obtained from several measurements: B — v, B — uv, B — wlv, Ay — puv
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