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‘ Outline

Let us pick out key items from 16 experimental flavour/EW talks from
6 experiments. Can be roughly grouped under 5 headings.

I. CPVin Bg system
I1: Precision CKM metrology

I11: Looking for New Physics
in rare FCNC decays

IV: Otherflavour goodies

V: EW and top

By necessity this review will be superficial. All talks were thought
provoking and very comprehensive — consult slides for more information.
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I. CPVin
B, system
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Mixing induced CPV in B, system

CPV phase, o, in B mixing-decay interference, e.g. measured in B.—J/WY®, very
small & precisely predicted in SM. Box diagram offers tempting entry point for NP!

Tevatron results were tantalising with early [PRD 85 (2012)072002]
data and remain intriguing with final sample: LARARA AN R ARS RERES AR AR RN
0.6 o . CDF
[PRD 85 (2012)032006] - before adjustment 4
~04r 04l ~—— 68%CL 5.2 fb &
'» DO Run II, 8 fb”' AM, = 17.77 + 0.12 ps™' - [ before adjustment 1
203 SM p-value = 20.8% @0a0 ]
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Results are consistent, & both are ~10 away from SM. What about the LHC?
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Precision studies of @D,

The LHC (firstly LHCb & now ATLAS/CMS) <
has brought clarity to the ¢, picture. £
LHCb attributes/contributions: E

« Statistics and time resolution! "
B.—J/W¢ analysis with ~4x precision of
Tevatron [LHCb-CONF-2012-002]

* Augment this with novel analysis in

complementary channel B—J/Wrmrmr
[PLB 713 (2012) 378]

—

* Finally, perform study looking at strong-phase
change w.r.t. KK invariant mass in J/#¥KK which
resolves 2-fold ambiguity [PRL 108 (2012) 241801]

Final LHCb 2011 results recently published
[PRD 87 (2013) 112010] and overall picture clear
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Precision studies of @D, [Dordeil
= | T PN
r Earlier hints of large NP effects emphatically not confirmed...
I LHCb 1.0fb™ + CDF 9.6fb™'+ D@ 8fb™" + ATLAS 49fb‘
I_{I_l 0.25 :' LI I L] I 'I'I LI I"I\ I I I I I LI I I L] I I L] I I I I I 1_ 3
n ; 1 2
e F /" 138
2 020 : 4 @3
" - 3 68% CLcontours ] § o
~ - : (AlogL=1.15)1 £§
<] 015 : 4 &5
N | : LHCb 1 =%
L \‘\ _________ "’ ., - ; f
0.10 e N\ Combined 4 o5
- S 1 8@
0.05F \ CDF é'V' 1 ¢
et g : /" ATLAS {1 29
» . . .* - w
- "-.,____‘_-_. _____ S e - . 18
0 C 11 1 1 I 11 1 1 I 11 1 1 I 1 1 1 1 I 11 1 1 I 11 11 I- g
15 1.0 -05 00 0.5 1.0 1.5
¢ [rad]
; ..but observable remains a priori very sensitive to non-SM contributions
: and essential to improve precision over coming 5 years + LHCb upgrade.
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Elephant in the room —
the dimuon charge asymmetry

We heard reports on recent measurements of as,, from
LHCb [Bird] and ad, from BaBar [Margoni] intended to illuminate DO anomaly

Pl feramm=Lin A0 All these measurements are:

P o Teh
32??““3;5;" i ) | - not incompatible with the DO
f_“é?ﬂ i i dimuon result,
04_ ‘ﬁfg’i':" 5: 55 i
EHC : « entirely consistent with the SM,
hence, the picture is no clearer.
-0.02 T ! - ’ .
— oo S fgzgggr; What's coming next?
e & 55‘5% « final word on dimuons from DO, which will
BOW iy i ’ squeeze more IP info from measurement
B Combination 1 .
e |  improved asy & ad, results from LHCb
-0.04 -0.02 0 0.0

aj  Guess for next WIN: measurement will
no longer be considered a ‘problem’, but this consensus will be achieved
through audience exhaustion rather than experimental clarity.



II: Precision
CKM metrology
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o [Derkach]
Precision CKM-metrology: | --

the next challenge

B-factories (& others) have done a great job in
mapping out unitarity triangle. But further progress osf f
needs, in particular, improved knowledge of angle y

Look in B* — DK* decays using S B

common mode for D9 & DY Favoured Suppressed
— v sensitive interference . e K
S
— different rates for B* & B~ (CPV!l) S
B— | n
Many possibilities: K, KK, K. B

Tree-level decays: strategy very clean & yields result unpolluted by New Physics

This is a good thing! Provides SM benchmark against which other loop-driven NP
sensitive observables can be compared (e.g. Amy/Amg, sin2B, y measured in B—hh)
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[Margoni]

vy determination with B—>D®K® requires
combination of results from many modes

e.g. ‘Cartesian coordinate’ contours from BaBar combination [PRD 87 (2013) 052015]

D decay = multibody Dalitz

+ CP eigenstates

+ DCS decays

analysis J( S7Z GGS/Z+G L\“« GGSZ+GLW+ADS
used = - ,L i )
B* T itE e
. " BaDK] =3 b-»DK] = B DK
o2 o 0.2 x o3 o 5 032 [ ~ 0.2 x.
RGS u [tS: Real part (%) Imaginary part (%)
_ ) DK Z- 8.1+2.3:x0.7 ey Separation of contours
oy -+ 7. —9.3+224+03 ~1.7+46+04 . .
Z =X Ty I “TO0£86+11 Z10.6£5.4£2.0 driven by size of
r = J= D*K 3= 103+ 29408 _1.4+83+25 .
v 13.3+£81+£26 139+ 88L36 interference effects.
DK* z.. 98469412 11.0+£11.04+6.1 . ) .
Relative orientation

directly related to vy
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[Margoni]
vy determination with B—>D®K® requires

combination of results from many modes

e

The story so far... [Derkach]
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...factor 3 improvement in 10 years.
n

directly related to vy
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[Ricciardi,

Events / ( 5 MeV/c?)

Podesta Lermal]

Yy measurement: true precision needs
statistical muscle of LHCb and Belle-II

Rare, important decays just beyond the reach of the B-factories (e.g. the
suppressed ‘ADS’ B * — (K+1*)pK* mode (BR ~ 107) was soon seen at LHCb

-
LHCb LHCb | o

I

B[nK ] K - -~ ol B [TK] K" | é
i1 e E
Bt My -

5600 5600
m(Dh®) (MeV/c2)

This CP asymmetry carries ultra-clean, easy to interpret, information on y!

Progress in this, and related modes, means we should know vy to a few degrees
within the next 5 years (and with LHCb-ugrade/Belle-lI,can hope for ~1°)
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[Margoni,

PRL 111 (2013) 101801

Charmless B decays

Charmless B decays hold much promise for extraction of CKM angles,

Sevior,
Hicheur]

particularly in multibody decays, where interference effects give many observables

LHCD statistics are providing surprises which are still to be understood
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III: Searching for

New Physics in
suppressed
FCNC decays
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[Hernando

Bs — MM the hunt is over Morata]

For many years, an enhancement in B;—pp was best bet for finding NP in flavour.
The good news: We now see the decay!

CMS LHCD

_ PRL 111 (2013) 101804 PRL 111 (2013) 101805
= 141
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Events weighted by S/(S+B) Only events with BDT = 0.7

The bad news: it is entirely compatible with SM (albeit a little low).

WIN XXIV - WG 3 summaty
12/4/13 Natal, Guy Wilkinson 15



B, —pwm — the hunt is over

[Hernando
Morata]

Fo lr.
LHCh-CONF-2013-012
T" | CMS-PAS-BEPH-13-007
DO 10.4th
CDF 10fb '
ATLAS 4.9b "'
preliminary
LHCbh 3™ |-
sm
CMS 25 ' |-
CMS+LHCH |
preliminary PR BT Ly oo by by v b by b v by v by v by o 1y
0o 2 4 6 8 10 12 14 16 18 20 22
B(B!— p'u) [10°7]
B(B - p'H) = (2.9£0.7) x 107
But there remains lots to do — indeed now the hard work starts:
* measure BR precisely — maybe it is lower than SM?
» measure BR(B®—pu)/BR(Bs— pp)
» measure lifetime and CP asymmetries
TH
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arXiv:1304.6325

b . ya _\‘<#i
Experiment confronts P

electroweak Penguins

Such decays offer powerful way to probe helicity structure of New Physics. [Sevior,

Henando
Flagship mode is BO—K*uu — extraordinarily rich array of observables. Moratal]
Some of these agree well with SM While others do not
o0 +IE%obry EBinned
TR s T T ' ]
<C | LHCb : I P — E— ,
T *— 0
i3 _— —_ (2l gﬁ: SM Predictions : .
05 0.2 - <
............... T e T
0 5 10 -0.2- . 8
. 04 - -
Inclusive 06} + - @
BO— X[ 08| — + - S
o s 2

5 10I . 15 20 25
q? [GeV%/c]

P5 anomaly requires: 1) more data (available on tape), 2) a sexier nomenclature

g2 [GeV¥c

There are other puzzles out there, e.g. B—>Kuu isospin anomaly [arXiv:1205.3422]
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arXiv:1304.6325

Experiment confronts %/ o e

Nomenclature: lessons from football ly structure of New Physics. |[—|86Vior£j
enanao
Edson Arantes - Bele Ih array of observables. Morata]

do Nascimento While others do not

LH Cb SM Predictlons m
- Q
L
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_ <
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i _ (@)
L ! m
q £ — (_:)
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P5 anomaly requires: 1) more data (available on tape), 2) a sexier nomenclature

There are other puzzles out there, e.g. B—>Kuu isospin anomaly [arXiv:1205.3422]
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IV: Other flavour
goodies

12/4/13
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'Charm physics

Charm physics complementary to beauty, but experimentally more tough.
Mixing is much smaller, and mixing related (indirect) CPV expected to be tiny.

LHCb-PAPER-2013-053

[Smith]

Mixing now evident in single measurements, & bounds on indirect CPV tightening.

Fraction of ‘wrong sign’Krtr events
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B—D®1y

T

W"/H" 41_
B{,Z_ g8, }p"

Intriguing offsets in relative BRs in these modes may be telling us
about charged Higgs sector. Situation nicely summarised this week [Derkach].

B(B —» D™ rv)

(*)y =
RID™) = BBES DOw)

Definite pattern emerging —
but, beware, measurement is hard!

Belle 2007
BABAR 2008
Belle 2009
Belle 2010
BABAR 2012

Significant tension with the SM (3.40 for both
BaBar 2012 observables combined), but...

...these results (+ g2 spectra) resist a simple
NP explanation — inconsistent within 2HDM

SM SM

—f———e-

—s— i R |

~+—i

=1H Average b4 —
Babar 2012

More precisely: inconsistent with type-1l 2HDM,
but more general type-Ill 2HDM still allowed

08 BB 68 03 a4 05 ‘DS
R(D) R(D*)

|

mm This Measurement

mm 2HDM prediction
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'LEV: MEG and MEG_UP I

Analysis of 2009-2011 MEG data Br(pt —etq) < 5.7-10** (90% C.L.)

This is already deep into interesting territory for New Physics!
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Exotic spectroscopy [Frosini

Huge interest over past decade in the exotic hadrons found above DDbar threshold
Grand-daddy of these is the X(3872)

DO
X(3872) is “a riddle, wrapped in a mystery, (QI

inside an enigma; but perhaps there is a key” '
What is it? Standard charmonium, D°D*° molecule, _ o
D°-D™ “molecule”  Diquark-diantiquark

tetraquarks, ccg hybrids + combinations...

Big progress in last year with determination of quantum numbers from LHCDb

-
=,

v(2S)

% : < 10 p-r-rr-rrrrreoeooeoeee ey
0
- F LHCb .
o 1000 g 10° Py
- - —+ . 4 —
g F £ * Simulated J°°=2 Simulated J?°=1 .
5 F 3 10 —
T s00f- % o
= B o —~
E C - B
< 600f- z 10 £y 2
g k ER f “data i N
g 400~ 10 N r N
Z - 2 4 N
200 A S
n 107 ) . 3
n N
ok s y—— . R L. N L P
600 800 1000 1200 1400 =65 0 - oo =00

M diy) - M(Jhy) [MeV] t= 2 I LEZYL(1T™)]

Angular analysis of B—X(3872)K decays unambiguously selects J°P¢=1** solution
This maybe gives weight to more exotic interpretations...
TWinston Churchill, 1939



V: EW and top

WIN XXIV - WG 3 summaty
12/4/13 Natal, Guy Wilkinson 24



AFB(1+1-) at CDF — NEw feSlllt [Bodek]

We were shown CDF sin?6 9 fb-! update from Drell-Yan Agg with dimuons

Fully corrected and unfolded Afb Expected in Spring 14

0.5 Involves average of LEP1 and SLD
" (?;Tnn Preliminary, L= 9 b LEP-1 and SLD: All Z pole -00.231 52000016 | (Which are somewhat inconsistent)
“I  FEsaosnoEm LEP-1 and SLD: light quarks Directly comparable
. o to g-gbar -> ee, u*
0,30 Fireutast Bin:Underlowa/Ovarfiows 0.2320+0.0021 o "
02 Doeesin 59309+0.0010 | Phys. Rev. D84, 012007 (2011)
CMS pu 1.1 fb™
< 01 ¢ 0.2287+0.0039 | Phys.Rev. D84, 112002 (2011)
0 Y ATLAS ee+up 4.8 fb™
0.2297+0.0010 EPS 2013
0.1
CDF 9fb ypu= —— WIN 2013 --my CDF
02 fand 2fb-1 e*e- combined) 0.2320+-0.0007 || ggp-1 p*u= and 2fb! e*e- average
03 CDF 9 fb-' ee expected 2014 0.23xx +-0.0004 ¢DF Expected in Spring 14
| | - | | I - | I - | | I I L
m 85 gu 95' 1m | | | | | | | | | | |
W, (GeVic 226 0.228 0.23 0.232 0.2
’ 0.226 0.228 0.23 0.232 0.234
a2 lept _ . lept
sin Beﬂ = 0.2315 =+ 0.0009 = 0.0002 sin? gef:’

Very interesting precision — forthcoming update with e*e- will be ~2x more sensitive
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‘ Vector boson studies at LHC e

Extensive and comprehensive series of vector boson measurements being
conducted at ATLAS (& CMS) essential for SM tests and probing PDFs

Z+jets Inclusive Cross Section
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‘ Top quark studies N

Top quark studies ‘now reaching

maturity’ [Savoy-Navarro]

A host of measurements are -

possible at Tevatron & LHC

e.g. top FB charge asymmetry at Tevatron

tt Inclusive Asymmetry

CDF 9.4 fb™
® 164+ 4.7 %
Lepton+jets
G

D0 5.4 fb™

19.6 = 6.5 %
Lepton qn Asymmetry

CDF 9.4 fb*
—— 9.477 0 (extr.)
Lepton+jets D0 9.7 fb
—g— 4.7+ 2.6 % (n|<1.5)

Dileptons =———#——— 441 3.9 % (exir.)

Lepton dn Asymmetry

Dileptons e s 1 2.3 + 5.6 % (extr.)

Eernreuthqr & Si, PIp,rs.Rev.. ps6 {2013) 034026,
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Asymmetry, %

top pair production

I v

spin correlations
mass, charge,

charge f::’“““"“’ width, lifetime
production cross-section ® W

production kinematics
production through resonances
new particles

ingle 1 ucti

T

e.g. top charge asymmetry at LHC

tt Inclusive Asymmetry

CMS 19.7 fb, 8 TeV |
0.5+0.9%

Lepton+jets 4
0.4+ 15 % CMS 5.0 fb™, 7 TeV
Dileptons o
50+52%
2-3 ) ATLAS 4.7 1b™, 7 Tev
-o0 Lepton+jets —@=— 0.6+ 1.0 %
: Dileptons
tension 57:28%
W|th S M Lepton dn Asymmetry

CMS 5.0 fb™, 7 TeV

——  1.0+1.6%

Dileptons ATLAS 4.7 b, 7 Tev

——23+t14%

Bernreuther & Si, Phys.Rev., D86 (2012) 034026: 8 TeV,
| 1 1
0 5 10
Asymmetry, %

|
15

anomalous couplings
rare decays
branching ratios
CKM-Matrix-Element |V,

new particles

? top vs antitop?

Searches for

I New Physics

with t-
quarks

Consistent

with SM (but
needs more
precision for
meaningful test)
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‘ Summary (with focus on flavour)

« 2 x (~1 ab) at B-factories
After:  +2 x(~ 10 fb") at CDF/DO
« Partial analysis of LHC run 1 (partial, because only 2011 data
analysed so far in most topics)

there is no clear sign of New Physics in flavour sector (or elsewhere), although
several intriguing anomalies. Disappointing certainly...
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‘ Summary (with focus on flavour)

« 2 x (~1 ab) at B-factories
After:  +2 x(~ 10 fb") at CDF/DO
« Partial analysis of LHC run 1 (partial, because only 2011 data
analysed so far in most topics)

there is no clear sign of New Physics in flavour sector (or elsewhere), although
several intriguing anomalies. Disappointing certainly...

...but not yet a time for despair.
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‘ Prospects (with focus on flavour)

This will give

« analysis of remaining run 1 LHC data a big increase
Still to come:  * ~ X10 the data set expected from LHCb in run 2 in precision

« 50 ab-' at Belle-Il [Posesta Lerma] compared

« 50 fb-! (with improved trigger) at LHCb upgrade with now!

FIFA WORLD CUP
Grasil

Every reason to look ahead with optimism!
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Backups

12/4/13
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[Margoni]

o through charmless B decays )

— B"s 'l (kin) mm T
— @ interference regs. Lol

20 years ago Snyder & Quinn proposal to measure a in
a Penguin-free manner through B%—p1r [PRD 48 (1993)2139]

with time-dependent Dalitz plot analysis

m?(x ) (GeV/ic?)?

‘Last word’ from BaBar is that available statistics are
not sufficient to obtain robust or precise fit

gy g?Bar m2a ) (GeVic?)?
gors | =2 E0 [ ertérence regions
- WA (UTFIT) -
05| | q=(87.7+3.3) -
a=( ) 0.7 ‘;\AEG‘E‘J o
7L R I T 06 %
» 05 o
| S — - )
0 30 0 o (deg)'?® 03 ‘??7*1 E
02 . G?-.l?_(cg
Most probably we will have to wait for Belle-Il to see b
this method used with interesting power. ) 0t 02 54 04 05 05 07 08 08 1

m'

No matter — good constraints available from B—pp.
And it can be argued a measurement is an indirect way of accessing v...
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[Smith]

Direct CPV in charm — the AAp saga

. . %& 0.02 HFAG-charm
By last summer a consistent picture had L: o_msw S n
emerged of ~0.5% direct CPV in SCS 091F Then A
charm decays (thanks to LHCb, CDF, Belle) e s
This caused the theory community to o005 '
. iy . 0.01
re-evaluate their position (next slide). o015 b
_0_025“..|.‘H|....|.\\. I 1 I R
Recent LHCDb results (prompt update and -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0'015a§§02
semileptonic B) has muddied the picture, ]
55 002 gy
no CPV . Y - ’ e
L L 0.01F o
aBar 0.005
@ 1 %
CDF -0.005 ¢
-0.01F s
Belle -0.015; : :
-O'D% ;2 -061 ‘ K6|0k1‘ 0 (|10§3 . OC;D 0E01 061 ‘ |602
LLHCb prelrm1nary (pion tagged) ) o 015 -0.01 -0.005 -005 0. 015 ot
06! 10fb1 Wish ace
-L—Hl(.f)%“"“ﬂgg"d) list: - results from 2012 data set (& beyond)
Naive average * results in o_thgr modes |
e R * results on indirect CPV (theoretical
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