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Before Summarizing, Some Context

Particle Physics — The Study of Matter, Energy, Space,
and Time

What do we really want to know?



Matter

Why is the universe so dominantly matter;
why is there so little antimatter around?
Why is matter made of quarks and leptons,
antiguarks and antileptons?

Why are these constituents spin %2 particles?
Why do quarks and leptons come in three
generations? (and are there only three?)
Why do the quark generations have such
different masses?

Why are neutrino masses so small; and why
different by generation? Dirac or Majorana?
Why do quarks come in three colors?



Energy

Why is so little of the energy density in the
universe composed of the mass that | just
listed?

What is the dark matter we claim is the rest
of the matter?

Why are the force carriers spin 1; not spin 0
for example? Why gravitons spin 27?

Why are the strong and EW forces flavor
independent?

Why aren’t all interactions flavor diagonal?



Space and Time

Why are there three obvious dimensions?
Are there more?

Why is the universe expansion accelerating?
Or, do we not understand gravity/space?



3x3 - Not the CKM or PNMS Matrices

Note the 3 threes in my list of questions.
In fact, a 3x3 matrix:

3 dimensions
3 generations
3 colors

Are all these trinities related?
Are any of them related?



ldeas About the Keys to Answering
Some of These Questions

e Structure of quarks and leptons and generations from
substructructure?

* Higgs mechanism for EWS breaking — mass of W, Z — the
same for quarks?

* Neutrino masses from a seesaw mechanism involving very
massive right-handed partners?

* Matter/antimatter asymmetry — not the CKM matrix
(inadequate by 8-10 orders of magnitude)? Seesaw
mechanism in the neutrino sector?

Not all these ideas are directly testable. Those that are, we are
working hard to test. We are doing it by going to higher
energies at the LHC and by making more and more precise
measurements in the flavor sector. The latter is the focus of
our FPCP conferences, of course.



The Drunk and the Lamp Post

* | am reminded of the story
of the drunk and the lamp
post. Maybe this is only
well known in the West, so
indulge me if | tell it here.

A drunk has lost his keys
and is spending a long
time looking for them
under a lamp post. When
asked why he is still
looking there, he says that o
that is where there is B o scorchin ey ke
enough light to see them!




The Drunk and the Lamp Post

 We need to be careful not to make the same
mistake by only looking where theorists have
suggested we look.

* Certainly, look where we think we may find
the answers since we have good models to
test.

* However, in parallel, probe as deeply as we
can where we don’t have such light to guide
us.



Vast Data Sets — An Opportunity

We have vast new data sets to use in testing our
ideas

But, also, we need to check for the unexpected.

An example we have seen here: when looking for
B, D decays to h* I* I, looked for h*~ |+* |+*; etc.

No matter what our theorist friends tell us about
where the answer lies, we have already seen the
preferred space of minimal SUSY disappear.

The space for the Higgs to hide is also closing
down.

Sorry, | am supposed to say that we are closing in on the Higgs at 125. GeV/c2!



Postcards from FPCP 2012

This brings us to the beautiful results shown here at FPCP 2012 —
very many of the results new since the last meeting, some shown
here for the first time.

As you look over the slides from the meeting, you will each have
your favorites to use as souvenir post cards from this trip.

Choosing post cards when you are on travel is a personal matter.

| will show you some of my favorite postcards from FPCP 2012, those
| have found especially pretty or revealing.

| won’t repeat all the excellent explanations of the results. | could not
do as well as you have already heard from all the presenters
themselves.



FPCP 2012 Picture Postcards
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FPCP 2012 Picture Postcards

Chinese Opera Masks
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FPCP 2012 Physics Picture Postcards

There were lots of pretty plots with content.

Let me organize my souvenir postcards around some
themes:

e Standard model confirmations
 Significant reductions in uncertainty
 New physics space ruled out

 New signals and structures

* Hints of new physics

* Tension with the standard model

* Looking beyond the lamp post

e Postcards of the future

Remember, these are just souvenirs, not a guide book.
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Standard Model Confirmations - |

Superluminal vs

CONCILUSIONS
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* CP=+1 sigenstate
* Include Ks—n%1° (max 1) to increase statistics (eff: 3.1% wrt 6.7% for 3(n*n))

» Dalitz-plot information removed from fit (and veto x.0); replaced by proper
time separation between Bejg and Bi,g decays

* Signal time-dependent decay distribution: mixing resolution
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e 153 sigma evidence of CPV in Bs
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Standard Model Confirmations - Il

Precision Electroweak Measurements

LHCb preliminary result

LHCb-CONF-2012-002

March 2012
B80.5 T T T T T T
LEP, SLD, CDF/D0 and lower PN S LA

00%), m

energy experiments L @i L oy vl e oz

Parameter | Value | Stat. Syst.

L. [ps—1] [0.6580 | 0.0054 [ 0.0066 Bo i H . . -
AT, [ps ] | 0.116 | 0.018 | 0.006 : H eavier Sensitive to m,, via radiative
corrections

0.246 | 0.010 | 0.013

0.523 | 0.007 | 0.024 o ) 3 I H o N
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+ Standard Model
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New high-precision m  measurements from CDF/DO

LEP > new world-average

cxcuded Ny m,, = 80.385 £ 0.015 GeV
40 100,
m,, [GeV SM prediction from precision EW fit suggests

m, < 152 GeV at 95% CL
H i ggs LEP direct search:
m, >114.4 GeV at 95% CL

Source of systematics on ¢,:

¢ direct CPV ignored in fit

« angular efficiency model

* background model
Improvement under investigation

relies on structure of SM radiative corrections
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Significant Reductions in Uncertainty - |

13 status

P.. or P, tested in long baseline accelerator (T2K, MINOS) and reactor
(Double Chooz, Reno, Daya Bay) experiments
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Measurements of the h_properties at BESIII

(exclusive)
y(28)—a’hg, he—me,
T is reconstructed
exclusively with
16 decay modes

50

Simultaneous fit to 7° recoiling mass: M(ﬁ“reifil m.,,;g('cewc;) g

M(h,) = 3525.31£0.110.15 MeV
I'(h,) = 0.70=£0.280.25 MeV

N = 83235
x2/d.of.=32/46

G.5. Huang

Consistent with BESIII inclusive
results PRL104,132002(2010)
" == ' CLEO¢ exlusive results
| BESIH preliminary | M(h,)=3525.21+0 274014 MeV/e?
N = 13614
PRL101, 182003(2008)
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Including new BaBar and Belle results: significant improvement in the uncerfainty

and lo

wer value for ycp.

Chunhui Chen,

15t3 sigma evidence of CPV in Bs

lowa State University

FPCP2012, May 21- 25, 2012

CKM
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Significant Reductions in Uncertainty -Il

¢Bs

Angular analysis of Bs — J/1)¢ to measure (dgs, Al gs)
In SM, pgs — —203s = 2 arg(Ves Vg /Vis Vi) = —2.1° £ 0.1°

4 Standard Model
04

(I)Bs ‘ °‘

0

T

02

04

@ 2012 updates 0% (rad)
o DO (8.0 fb~"): b, = —32°7%.
o CDF (9.6 b™"): ¢ps € [-34°, —7°]
o LHCb J/v¢ (1 b™"): ¢gs = —0.1° £ 5.8° + 15°
e LHCb J/¢K*K= (11b="): ATs >0
@ here: combine available LHCb and CDF (¢ps, Al's) likelihoods
[LHCb: 0.4 fo~! (2011) and 1 fo~' (2012), CDF: 5.2 fb~1]

8. Descotes-Genon (LPT-Orsay) CKM and NP 24/05/12 13

p

Belle: B — (m, p, w, 1, ") € v with Hadronic Tags

Fearw M

Full Y(4S) data set 710/

New hadronic tag procedure with gain 2x
S L B Maintain purity of 26

decays

pv

My; (GeV)

Extended binned max. likelihood fit
to M?___ distribution
Also B — (@.n. 1)) ¢ v measurements

FPCP 2012 @ Heles 2012

Bs mixing (2012)

[Constraints @ 68% CL]

’ @ Dominant constraints
AT & ] from Ams and os

L L I B B
[ escsamsosoes] |

@ Disagreement with SM
driven by Ag; alone

@ and in disagreement
with ¢s, which favours
SM situation

@ but still room for NP

of = (01j5) at3e
@ Al > 0Kkills 2nd sol

Re A,
2D SM hypothesis (Ag =1 +i-0): 0.0 o

S. Descotes-Genon (LPT-Orsay) CKM and NP

Form factor shapes: BES Il / LQCD

note: these compare shape-only, no absolute scale.

=
77 2
7 %

BESIIl Preliminary BESII Preliminary

I
s
qIGev?

D°> nev

L 1
T8 2

Points: BES lll preliminary with stat errors
Curves: Fermilab/The Lattice/MILC with 1o stat error band, arXiv:1111.5471 (Nov 2011)

BES IMT: CHARM 2012 by Chunlei Liu

Jonas Rademacker ‘Semieptonic Charm Decays FPCP 2012, Hefei
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New Physics Space Ruled Out - |

Search for a Dark Higgs h' arXiv:1202.1313

Dark Forces Submitted to PRL

Constraints on

)
£10°

(CRCRT

sl ol vl vod vond il 55

aagend
08 QYd

~
7
32

Dark
Matter

el

60021 810620

FUNE PEEPEPENPUOWN | J
ol I Exciuced regon

m,. (GeV)== pamodex.
= g2 "avored region” m, (GeV) 10

FPCP Hefei May 24 2012
FPCP Hefei May 24 2012

Results (2009

PDG 2008 — July 2011 average 2HDM-I|
R,=2.488(9)x10"

Eents. (56 psec)
2

Events/ (824 MeV)
Events. (0.4 MeV)

_ Glark et al. (1972)

2

-3
2

Heard et al. (1975)

BR(u— e ‘{) < 2.4 x 1012 o Energy (MeY) Heintze et al. (1976)
Phys. Rev. Lett. 107 (2011) 171801

Direct searches (LEP)

KLOE (2009)
gsed on b
5 % 1013 u =PDG 2010

Events /(4 mrad)

M to e ’Y T lTl i UT NAG2 (2011 Ry: 95% CL exclusion

4 l‘[! i R ! stopped at the target NAG2 (2011) B ez ct0
+++ +f. bssy B Ay, =5x107

] i N,, = -0.579 i I prcluded M A= e

3 3 sig = TV 47 25 26 27 RZ.B‘l 0.1 02 03 04 0.5 06 0.7 0.8 0.9 1

N, = 882 £ 22 ' o10° H mass, Tavic*
Ngo = 76.5 + 12 World average  5R,x105  Precision Other limits on 2HDM-IT:

PDG 2008 2.44/-0.109  4.5% PRD 82 (2010) 073012.

SM with 4 generations:
Francesco Renga - Searches for LFV and LNV Auly2081, ZATHAIGD  (4h% JHEP 1007 (2010) 006. 16

E. Goudzovski/ FPCP 2012 / Hefei, 23 May 2012

ED

6 (mrad)” ¢ (mrad)”
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New Physics Space Ruled Out - Il

Constrains on new physics Implications

Inclusive (all masses) mu>450 GeV
TTTIT T TyrrrrrrrereT AR AR R LN EE LRI REER | LR

Il L L L 1
01 02 03 04 05 06 07 David Straub, Rencontres de Moriond EW, La Thuile (2012)
FB
* There are NP models where BR(B, = it 1) is evens roduced wrt SM
*  lmportant to measure the ratio of BRB,— p g )/BR(B,~ ¢ u )

PEEE

| V. Chiochia (Uni. Zarich) — Top quark properties and top decays - FPCP 2012 - Hefei, 21 May 2012

I

A

i ;Jﬁ&

o e
mis) (Mevich)
11% of the signal e i 21% of the signal

0.03 % of the background  [E522°F 0.14 % of the background

Evonts / { 875 MeVic™)
Events / ( 8.75 MeVic’ )

red dashed combinatorial background ruch
0 DT = plp™p™y )iy,
blue combined background

1fb!
LECb-CONF-2012-015

FPCP201Z /31 it

B, to pp
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Tension with the Standard Model - |

Another unitarity friangle

T e | SM mechanism for

i CP-violation encoded
in CKM matrix
describes efficiently By
and Bs systems ?

Not exactly:
@ sin(28)vs B— v
° Agt
@ (45, AT5) (?)
on MO discrepancies which

-0.10 -0.05 0.00 0.05 0.10
b could be related to
B: .
y meson mixing

— P= Vi Ve
pB, + iijp, = arg (*V_T':z 5*:)

S. Descotes-Genon (LPE-Orsay) CKM and NP 24/05/12

Comparison with the CKM global fit

0.30

» “Tension” observed in

' B->1v - sin2¢; relation = E
= fguncertainty is canceled : + i
by Amy E 1
= |V,,| uncertainty cannot o ]
explain the tension s ™~ 1

| Global fit without B=1v, sin2{;
L I I 1

08 07 o8 09 10
sin2B=sin2¢,;

BR(B — tv)

’Improved B-> v measurement is crucial ‘

Btot v andsin(2p)

p-valus

No semi-leptonic input, neither Vub or Vcb
Lunghi + AS PRL 2010

& sin(2B) = 0.891 + 0.052 (2.8 o)
fz =(200.7 + 8.6) MeV (0.8 o)

eg+BR(B-S7v)+AM,

i p—value = 20%

70 ADDRES?R’)Z!E Conclpn : €k Vdf'
m@ Ly P in Flavor, FPCP12; A. Soni

DEVISE e XVET

ua/o ws

- Standard Model

2| 5 B Factory WA, |
DOB~DX

. opos
DOASSSHCL. ¢

Do 200"

T — 002
a

a
@ Same-sign dimuon charge asymmetry yields Ag D@, CDF
(—-8.5+2.8)-1072 [2010] — (7.4 = 1.9)- 1073 [2011]

@ Linear comb. of semileptonic (flavour specific) asym. for By ¢
g [(Bg(t)—£*vX)—T(Bg(t)—£-vX)
as. = T(By(f) = X) T (Bg(t)—f—1:X)

@ Discrepancy from SM expectation Ag; = —(0.20 + 0.03) - 103
[Lenz, Nierste 11]

# 0 = CPV in mixing

5. Descotes-Genen (LPT-Orsay) 24/08/12 10

Aup and ¢,
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Tension with the Standard Mode - |l

Summary of R(D) and R(D*) Measurement

to be submitted to PRL

Decay Nuig Noorm R(D™)

B(B = D"rv) (%

D7,
D77,
Dir-w, 177+ 31
Dt v, U5+ 27

314 £ 60
639 £ 62

1995 + 55
8766 £ 104 0.322 £ 0.032 £ 0.022

986 + 35
3186 + 61

0.429 + 0.082 + 0.052

0.469 + 0.084 + 0.053
0.355 + 0.039 £ 0.021

0.99 + 0.19 + 0.13
171 £017 £ 013
1.01 £0.18 £ 0.12
1.74 £ 0.19 + 0.12

) Zialo)
4.7

94
5.2
10.4

Dr v, 180 £ 63
D7, 888 + 63

2081 % 65
11953 + 122 | 0.332 + 0.024 + 0.018

0.440 £ 0.058 £ 0.042

1.02£013 £0.11
1.76 + 0.13 + 0.12

Comparison with SM calculation:

R(D) R(D*)
BABAR 0.440% 0071 0332 £0.029
M 0.297 + 0.017 _ 0.252 £ 0.003

Difference 200 270

The combination of the two measurements
(-0.27 correlation) yields ¥2/NDF=14.6/2,
i.e. Prob. =6.9 x10411

Thus the SM prediction is excluded at 3.4 o

V. Liith FPCP 2012 @ Hefei 2012

Relation to B? Semileptonic Decays? .

* Asymmetry is a linear combination
of semileptonic charge #5002
asymmetries of B) and BY:  po
s

AY, = Chal + Coa?,

-0.02
al = P(Fq_' ptX) -T(B,— p~X)
ST DB, ptX) +I(B,— pmX)

1 —|g/p|*
1+ |q/p|*

o2 B to Dtv
B to D*tv
340

-0.04 -

I Do A}
DO A395% CL.
Dg,9.0 it ‘

004 002 CR—
B(l

0.02
d
ag)

Pointing to a new source of CP violation?

Flavor-Specific B? Lifetime

PDG 2012

Contours of A(logL) = 0.5

HFAG

1/
-odd)

Preliminary |

7(BY = J/v fo) HFAG |
?éa ey
\

Combined

(Light/CP-even)
T(B? - KtK™)

14 I

World 1.463
Average " = 0.032 ps

1/T [ps]

See Liming Zhang's talk from yesterday

1.2

14 1.6 18
7(BY)gs [ps]

Consistency with Other CP Measurements in B? System?.

-

a,

Il AT,
a = |M_5512\ sin gy = YA tan ¢,

— b = 5™ 4 o}

(0.004220.0014)  (modulo penguin

pollution, Lenz,
arXiv:1205.1444)

Ty

HCb 1.0fb™ + CDF 96f"'+D@ 81"
T T T T

T T
68%
cL
Ax

. 68% GL contours
“ (AlogL = 1.15)
.

LHCb 1.0fo™ + COF 8.6fb~"+D@ 8ib™"+ A%,
5T T T T T T

68% CL contours
(Alog £ =1.15)

(REEE REERE EERNE FERTS NEETh

b

L
05 1.0

=
)
&
=
&

6T = —2p, = —205M 4 yNP
~(0.038 £0.002)
If new physics in mixing, same new
phase angle in BY — J/4¢ |

To 15
95 [rad)

31
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New Signals and Structures - |

Summary of All Existing 0,; Measurements BaryonIC 5 decays at BaBar Preliminary
B — Z'++137r_1r_ O.Grunberg

Moriond 2012
+ Background-subtracted and efficiency-corrected data.
Solar + KamLAND T 7 i 7 > . - - e T BABAR
—e— Original Flux £33N -

\ Elm [ <-body phase space tc | £ [ booy phase space mc
o Reevaluated Flux “ \ e 12001 £ )
MINOS 2 iomirisucay N \ / H o
) f BaBar

. . 2 e Welghted data
-ex- Inverted Histarchy / N ERNY Jom
E preliminary

BaBar
preliminary

T2K

... Double Chooz

Weighted events /
. B EEEE

b s
++.

.. DayaBay 7 ; =

I/' I‘Z 1!4 16 I‘E 2 2‘2 24 2‘6 o 36 38 4 42 44
m(pr) [GeVict] m(Ew) [GeVie)
RENO Excessinrange 1.2 < m(pm~) < L. 7GeV/c2 may be due to Unexplained structures
N .T6 . .. arXiv:1205. - - - p 5
w Ll bi il M. Tértola, ctal., arXtv:1205.4018 resonances A(1252)", A(1600)", A(1620) around 3.250 GeV/c? and 4.200 GeV/c*
0 005 01 015 02 025 03 035
sin(20,)

Non-zero sin’0y; at 8 ¢

o
= %0
o
> 800
o
z
£ s00F
,:,400
g
gwo
E,“nv.uo
5
ES

- Search for B — A} ppp
« 2 events in data. BAT — phi—t
0 At gy DA 2 PECTY o 10 L=
- Conservative upper limit on BR; 8 — A 7P) 5% <62:107° @CL=00%

f
PDG value
FPCP 2012, Hadronic B decays, I. Nasteva

Our new knowledge ﬁ # @ Semi-rare BY Penguin Decays
eez mamg)

20 Dvble Chzer CDF PRL 106, 161801 (2011),

In under a year 8,, has gone Fromalorienng &) 1] 4.4 1™, reconstructs BY — ¢u'tp GDF fun I Proliminary L=A4t”
[ am’, =235c3eV’ o ield:27 = expe:

from unknown to well measured. als ez

E Mass:5365 = 5 MeV/c?

r6.30 First BY— outy

f Observation!| =pa

= Total Fit

=== Signal
Background

JSj
5,
=
7
o

* At the top of expected range. ..
* Focus is rapidly shifting to CP 0
phase and mass-hierachy. &‘

— Need precision on |U.s|?, but also

o

Events /(20 MeV/c?)

2 9
|Uﬂ3| and Am, 69%, 95% CL (2 dof) |

. KamLAND & Solar 05 E =(1.44+0.33+0.46) x 107° Jigs |
e e 5 / ] .
{}:::::l‘n;:m g 0 ! - 54 55 56 657

e Ta © / ] ...but not enough stats to get angular M(u14) (GeV/oh
© 1 B distributions of decay products
———e——— Double Chooz -0.5 \ -

curves: T2K+MINOS

A shaded: T2K+MINOS+DC ]
—e— DayaBay \ q

(like BS — K* 11 ) to better probe for new physics
16
—e—RENO ¥ Nakagma 0 01 02 03 04 05

\ 2
0.05 0. 1 o. |5 2 025 0.3 in
i sin"20,,

2/




FPCP 2012 Picture Postcards

New Signals and Structures - |

Dalitz Plots of Y(5S)=>Y(nS) '~

" Y "

. T(3S)n*n

T
FH 3

Wi, sviis'

W (1 {1mpm,
H

B W L It 2 =
wig'ny, eavie! W is'E), caict W ia'sy, eaviat
Exclude high background from photon conversions

4 A 4 A 2
S(sy.8,) =l Ay, + Ay + Ag + Ay 050y + Ap 010y |
5= M3, Isospin symmetry
A LN \ . D-Wave
A =a, e"’| M — yMl, Flattd Breit-Wigner
T | M -5 +iM, T, M -s,+iM,T, |

Ag=¢ +(‘;M=. A. Voloshin, PRD74,054022 (2006)
Prog. Part. Nucl. Phys. 61,455 (2008)

Upsilon suppression at CMS

{ CMS -ppJs.=2,76. TaV. l CMS, PhaPh S =-2.76-Tol.

p: >4 GeVie, || <2.4
P <20 GeVic
Lya =225 nb"

p; >4 GeVic, n'| < 2.4
PRL107, 052302 p‘r' <20 GeVic
Ly =7.28 b

Events/ (0.14 GeVrc? )

. L |
10 11 12 3 10 " 12
{ invariant mass [GeV/c?] up invariant mass [GeV/c?]

Y(25 + 35)/Y(18)py-ppy
Y25 + 35)/Y(13)|

= 0311 2(stat) = 0.03(syst)

rp
Tnitial state CNM effects cancel out (at least to first order)
Nuclear absorption partially cancel out

Zebo Tang, USTC FPCP2012, Hefei, China, May 21-25, 2012

2, tohy12)1

A in
B to K* up

Y
suppression
in HI col

/ero-crossing point

The zero-crossing point, q ', is extracted through a 2D fit to the q2 distribution and the
Invariant mass M(Kx ¢ 1) of forward- and backward going events separately

LHCb Collaboration: LHCHCONF-2012.008

S (42 S

O «

| SM predictions : 4 - 4.3GeV ‘
l!fi}nr Phys. ]. C 41 (2005) 173-188, C47 (2006 62 5641]

@ cevieh

World's first measurement of the zero-crossing poinll
go =49'3GeV’

rGiood ;gmn\enl with SM |

0120521

PRL 108, 182001 (2012)

F,(980)»>mOn°

Events/(0.02GeV/c?)
SN
2 ? g
Events/(0.02GeV/c?)

g

50
ik

M(f (ssom(eewc?) * ¥ Mf(seom(eevm)
First observed: 1n(1405)—f,(980)° (|sosp|n breaking)

Helicity analysis indicates the peak at 1400MeV is from 11(1405) , not from f, (1420)
#w() /w — m405) — 't — prix’x) B(J /[y — m(1405) - pr'f, — pr'a'n")
= (1.50 £ 0. 1i(szar.) £ 0. 11(syse. ) x 107 = (7.10 £ 0. 82(stat.) + 0. T2syse. ) x 1077
Large Isospin-violating decay rate:
[BRGp(L405) = £(980)1r" = 7' 7))
‘ BR(p(1405) — a,(980)7" — ='z'y)

= (17.9 +4.2%

In general, magnitude of isospin violation in strong decay should be <1%.
PCP2Q

dp 215 mixing alone can not explain the branching ratio of 1(1405)—f,(980)1¢



FPCP 2012 Picture Postcards

New Signals and Structures - I

. . | arXiv: 1204.0246 Submitted to PRL
Anomalous Lineshape of f,(980) in J/y—y f,(980)x° First evidence of y(25)— WJ/IF
o Select W(2S) — yyl/w, J/w — e*e and (¥l events

. 100F T T T = Y. - low energy gamma

fo(980)>m n-

=

£,(980)»m°x°

Events/2MeV/c?
[l
S =

w(2S)

Events/(0.01GeVic?)

35 355

—
1=
=

M T)(GeVIch) M@Cr)(GeVic?) 434888

M = 989.9 +0.4MeV/c? M = 987.0 +1.4MeV/c?
['=95+11MeV/c? [=46+51MeV/c?

3.58 3.?6
RMyg(GeVic)
* Global fit of the two-photon process and
cascade ¥, processes
- * See clear excess over BG + continuum

Surprising result:

very narrow f,(980) width: <11.8 MeV/c?@90% C.L. * Br{y(25) = vrd fy) =(3.3 +0.6739) x 10 .

much narrower than the world average (PDG 2010: 40-100 MeV/c?) (both ee and 111) 3.05 " 31 !Jc.}S
« Significance : 3.8¢ including systematics RMyy(GeV/c’)
« BHUA2S)— Yty — YT/ ) are AlScmeasiiréd 3.44<RMIY,y, )<3.48GeV

Events{5MeV/c?
3
(-]

oo ndpossible explanation is KK* loop,Triangle Singularity (TS) (. wuetal, pe 108, 0s1803(2012))

Zero-crossing point Foundations of the analysis

The zero-crossing point, q %, is extracted through a 2D fit to the q2 distribution and the Entangled . = Entangled oiects
Invariant mass M(Km (4 ) of forward- and backward-going events separately projects el 1) X PIO]
meson flavor
Identification
v(48)

LHCb Collaboration: LHCb-CONF-2012-008

)

LHCD
i Preiminay

Backwar

Everts /(0.2 Gev'rc' )

Everts/ (0.2 GeV'

j— R Itis NOT
\\ﬁ& | ] ) e ) ) ton Dt the exchange
-0.5] — 2 S
SM predictions : 4 - 4.3GeV? \ t= . N
+ - [Eur. Phys. J. C 41 (2005) 173-188, C47 (2006 625.641] Py ~ 0.56 (BABAR) ~ Time
@ (GeVrct) ~0.43 (Belle) reconstruction

’ rojects
projects Exclusive B-meson pro)

World's first measurement of the zero-crossing point
g =49711GeV?

I Good agreement with SM

Az = fyeAr
— EEAE < Az > ~250pum (BABAR), 200um (Belle)




FPCP 2012 Picture Postcards

Hints of New Physics

Asymmetry with the full dataset

-in SM A, increases linearly with M, and A y

- BSM could show different dependencies
than in SM

after unfolding

slope

Ay vs M
parameter o - o

Ay vs Ay

DATA

COF M B Pretiminary L = 4.7 &

—— leJots Data
Gy, = (156 2 5.0)10*
(Correlated Uncertainties)
~ NLO (QCD+
Gy, = 3341

Parton Level M, 4, (GeVich)

COP Mun # Protimsinary L « 8.7 1"

—= l+Jets Data
a,, = (30.6 : 8.6)10”
(Correlated Uncertainties)

Individual Experiment Combination p-values

ATLAS-CONF-2012-019

Glovalsignficance
L~ 0.80 in range 110-600 GeV
2.5 1N range 110-145 GeV'

Combined obs.
«ms Exp. for SM Higgs
Hobb (477
—H-=1tr (4617
N —Hoyy (4817
Ns=7TeV —— HoWW (451
L= 4648?5‘ —HA)ZZ (4.7 o)

CMS Preliminavy

F ATLAS 2011 Preliminary

S ijws-amb L
\s=7TeV

= Obs. Comb. (ESS)

Exp. Comb, - Exp. Hoy7
— Obs. Comb. —Obs.H—=7y —Obs.H- bb
- Exp.H4 - EHoakh - ExpH—1o

E —Dbs Hall ——0bs. H= v —om H-:ﬂ:
Ll I PR

S ExpHosbb -

156+5.0)x107™"  (30.6+8.6) %10 g L=464810 B . TN
( ) ( ) O 1 90 25150 55140 15 110°115 120”125 130 135 140 145 150
Higgs boson mass (GeV) m, [GeV]

Minimum p-value at 125 GeV Minimum p-value at 126 GeV

Local significance 2.8¢ Local significance 2.5¢

Estimated global significance Estimated global significance
0.80 (LEE over range 110-600 GeV) 30% (~0.50) (LEE over 110-600 GeV)
2.10 (LEE over range 110-145) 10% (~1.60) (LEE over 110-145)

125/126 GeV Higgs?

~— NLO (OCD+EW) tf
a,,=10.310°

M 33 x 107" 103 x 107

best fit slope for observed data compared to
NLO prediciton T

3 94 8 %

Parton Level Ay

Combination of the measurements

AAcp = [ad‘r K K%) — ali5(n~ )] +

See also M. Gersabeck et al.
1. Phys. G39 (2012) 045005

Alt)
- fer

Reuls
Ar= (0012030 (sa) 20,15 (sys0)%
A7 = (0262036 (st 2008 (s

A= (059 20,39 (5a1) 2021 @)%
[ Ap(KK) = (0.0020.30 (st20) #0.13 (syst.)%
patt 022 Gy
Afcy = (056 2060 (i) =007 (st
52 2021 (s 20.11 (U1
62 2021 (sat) <010 oy .

L L X
"'%.02 -0.015 -0.01 -0.005

, 20
0.005 0.01 0015 0.02
&

Aacpd™ = (-0.656 +0.154 )%
acpi™ = (0025 £ 0.231 )%

HFAG

Data is consistent with no CP violation at 0.006% CL




FPCP 2012 Picture Postcards

New Techniques &Looking Beyond the Lamp Post

y from trees CDF Run Il Preliminary, my=115 GeV'
= :
multibody final states Tevatron H Search £ T s — s
E — Summer2007 —— July 2011
3 : 2 — Jonuary2008 —— February 2012
o ] Tevatron Higgs searches are well K —— December 2008 1 Sensitivity Goal
B two main ideas H 3 established, major improvements vs g‘” | e Toa |
m ADS/GLW style analyses: choose channel with g H ;;" time have been delivered u -
large rg, s0 more sensitive e [axivhep-pho211282] § wE
eg. B — D(K-n*)K-n*n~ ° z=
FE For new 2012 results: P
) ) . . m 3 . v h h rf t - d £ ——
m exploit variation of hadronic parameters over ery high performance, optimised, L

b taggers 2
= b-jet specific energy scale
corrections (CDF updated)
+ Tuned and improved lepton ID,
missing-E_algorithms

final state phase space (similar to GGSZ/Dalitz

method)
m eg. B® — D K [anv:08102706v3, ariv:0909.149502]
m eg. Ag — Dph (h = K, 7) [LHCb-CONF2011-036]

New CDF
b-tagger

333/pb, 754 + 37 events
[LHCb-CONF-2011-036]

bV u « Multivariate discriminant analyses

T
E

‘: [ o -
< -

Roma

Events/ (15 MeVie? )

u

BNess
Loose Secvtx
= TightSecvix

0.

New CDF b-tagger gives 25-40% o.
improvement in relative o ! vt

= efficiency at same fake rate o TRy Y TR R TRy By e Ry

Manuel Schiller (Nikhef/VU A‘dam) FPCP 2012, Hefel, China May22th, 2012 23729 Jich 4 3038 “ suf.‘sgnﬁ...:f

33/pb, 92 £15 events
LHCb-CONF-2011-036]

New Methods

B'—D"¢" upper limits

* D meson is reconstructed through D—K'z 7
* 90% C.L. upper limits (UL) on the BFs in different modes:

Mode €1%] Ny NoE U.L. [1079]
BY — D etet 12 0 018+0.13 <26
BY =D etpu* 13 0 083+029 <18
B =D ptut 19 0 L10+0.33 <11

E ELLE. PRD| 84, 071106(R] (201

6

5

a

A I
2E T ATL
|

o

i B U iR

:ZD fit in the D y'p* mode

Events /(3 MeV/c?)
@S = N 8 o
Events / (20 MeV)

5.22 524 526 528 0.2
M, (GeV/c?) AE (GeV)

The Unexpected

5/21/2012




FPCP 2012 Picture Postcards

Postcards of the Future




The Previous Slide

| was going to reserve the last slide for postcard
images of the morning’s new facilities.

However, | decided to focus on the physics we
expect most.

The fact is, | am less certain what to expect than
for many years.



FPCP 2012 Experiment Summary

As we flipped through the picture post cards, we
have seen a wonderfully rich panoply of new results.

There were over 40 experiment talks!

e Standard model confirmations
 Significant reductions in uncertainty
 New physics space ruled out

* New signals and structures

* Hints of new physics

* Tension with the standard model

* Looking beyond the lamp post



FPCP 2012 Experiment Summary

Perhaps fewer outstanding experimental issues, less

tension with the Standard Model this year

Growing disquiet over not seeing directions for the

answers to the questions listed at the start about
Matter, Energy, Space, and Time

No certainty about the direction of the needed New

Physics

Bright new idea could be the lamp post to light our way

Hard to predict what the post cards will look like next

year at Buzios

Data sets collected and anticipated are reason for

hope!



T

Thank you.

Thanks, too, to all the presenters and
especially to the organizers of this very
enjoyable and interesting meeting.

May you all have a safe journey home,
whether near or far...



