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* Introduction
< Why are we interested in flavour physics?

* The selected measurements in the LHCDb

< Exotic spectroscopy of X(3872), Z(4430) and pentaquark states
P.(4380), P.(4450)

< Very rare and rare decays:
B - u'w, B - KOu'uw, B"—Kuu, BG—ouu, Ay —>Apw

<> Probes of lepton universality — ratios of branching fractions:
B* - K‘u*u/B*— K*e*e- , BY — D*kv/B? — DM™uy

« Summary
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Why are we interested in flavour physics? %

« The Standard Model (SM) is a theory which describes well existed data,
but there are many phenomena which are not understood:

» known value of CPV in the SM is too small to explain the observed
size of matter domination over antimatter in the Universe

 The main goal of particle physics is to search for physics beyond the SM

There are two ways of searches for New Physics:

» direct searches for produced new objects
(Atlas and CMS)

» indirect searches via testing the SM in precise
measurements of known processes, finding
disagreement will be indirect indication of new
phenomena existence (BaBar, Belle, LHCb,...)
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Why are we interested in flavour physics? ﬁfﬁ%

 The new particles can be exchanged in the loops

Standard Model New Physics
T EW 545 T EY :ﬁB box diagrams
b tucti g b, X 1 .g
oY Y Y
i .'/“=°=t\‘. S . l,” y ™ . penguin diagrams

In particular, we are interested in:

« CP symmetry violation in B and D sectors (see A. Obtgkowska-Mucha’s talk)
» so far, there is no observation of CPV in charm sector, the SM predictions
are very small

« very rare decays of B (this talk)
» predicted highly supressed in SM

« as well as test of QCD models (quarkonia spectroscopy is an area where these
tests can be performed)
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LHCh

LHCDb — precision detector THCH
The single-arm forward spectrometer (a new concept for HEP experiments)

o(bb) = 284 4= 53ub  [PLB 694 (2010) 209] 10 <0 < 300 mrad (2<n<5)

o(ce) =~ 20 x o(bb)  [LHCb-CONF-2010-013]
(at Vs=7TeV)

Run 1: .
1/fb (2011), 2/fb (2012) A
ﬁ?’l@
==
For each 1/fb: fBEAW <
~28K Bos — Jhp(uun) o(K*K") VELO
~2M D*t — DO(—K'K*)r J |

Magnet o—/ r J J L a
IT & OT K
RICH2 ECAL HCAL MUON

 VELO - precision primary and secondary vertex measurements,
resolution of IP: 20 um, decay lifetime resolution ~ 45 fs: 0.1 t(D%)
« Excellent tracking resolution: Ap/p = 0.4% at 5 GeV to 0.6% at 100 GeV

* RICH - very good particle identification for w and K
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Exotic spectroscopy at LHCb %

Heavy flavour spectroscopy is an important test of
QCD models (masses, lifetimes, decay properties,
Revolution! quantum numbers, etc.)

£,

Observation of the X(3872) resonance:

« First observed by Belle (2003)
Phys.Rev.Lett.91(2003)262001

LHCb 3/fb; 1011+38 B*—XK*,
X—pO%m*m)J/p decays

* |t has now been seen by 6 experiments

(Belle, BaBar, CDF, DO, LHCb, CMS) Phys Rev.D92(2015)011102(R)

> N '
in B decays and prompt production = 16 ,

 LHCb determined quantum numbers % EZ
JPC = 1** via angular analysis of 3 LHCD
B—X(Jhpmm)K 0
Phys.Rev.Lett.110(2013)222001 80
Phys.Rev.D92(2015)011102(R)) 60

 Nature is still unclear; compatible with 40 -_
tetraquark, molecule or y.,(23P,) 20t 3 o b day JOPR ' Wi L ol
hypotheses (possibly mixed); it e T
excludes any other charmonium state A M = M(@*rJhp) - M(Jp) [MeV]
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Exotic spectroscopy at LHCb

Observation of the Z(4430)*: % 100
» First seen by Belle (2008)
 Among all tetraquark candidates the Z(4430) is

special; being charged it cannot be a c anti-c state
« LHCb sees 125k B—(2S)Kn decays

Candidates / 1 M

LHCDb- PAPER 2014 014

__¢example —
0% m No Z(4430) p-value ~10°
8 [ LHCb ' ]
R : " Fit with Z(4430) p-value
I : ~12%
5 100
I I C :
- The spin is confirmed
5 22 0 to be 1+
mZ(KTC) m%.  [GeV?] < 300 I
-@-data ' ~ S LHCb  :
—— total fit % % 250 g
_.._Z(*4430)' excluded o 200- ‘ é 2005_ Data _f
K (892) . 2t E
—— K S-wave 2 i 150 - 3
—— Z(4430) = 2 100F
—— background 5 100 & 1005
K (1410) S0F
K (1680) oF
—— K(1430) 0 200
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Pentaquarks

models: Jafee (76), Hogaasen & Sorba (78), Strottman (79)

M.Gell-Mann (Phys.Lett.8(1964)214-215):
“Baryons can now be constructed from
quarks by using the combinations (q q q),
(g 9 q g anti-q), etc. , while mesons are
made out of (q anti-q), (q q anti-q anti-q),
etc.”

* No convincing states for 51 years

* Previous observations have been refuted

A.Ukleja
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Predicted by Gell-Mann (64), Zweig (64), other later in context of specific QCD

PHYSICS LETTERS

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken '‘eightfold way" , we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap" model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

08/01/2016

A SCHEMATIC MODEL OF BARYONS AND MESONS

*

M. GELL-MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

ber nt - ng would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin ¥ and

z = -1, so that the four particles d”, s~, u® and b®
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number j.
We then refer to the members u3, d-3, and s-3 of
the triplet as "quarks" 6) g and the members of the

anti-triplet as anti-quarks §. [Baryons can now be ‘

constructed from quarks by using the combinations
(qaq), (@qqqd), etc., while mesons are made out
of (qd), (qqdq), etc. [t is assuming that the lowest

baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.




The A, — Jyp K decays %

 The decay A, — JyYypK was first used by LHCb to make a precision
measurements of the A, lifetime

 Results shown here use the full Run 1 data set, 3/fb

Phys.Rev.Lett.115(2015)072001

({I_I [ I 1 1 1 1 I I 1 1 I 1 1 I ]

S\ | ' ' ' ' | j j T T | % 26 __ —_

2 7000 LHCh ” 0] [ _

< 6000 T 26k A, '124 '_ % ]

~ % = o -

£ 5000 4 o NS - = i

§ 5% BKGD oo _
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The three-body decay make a Dalitz plot, which showed an unusual feature
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Mass projections of A, — Jhpp K Lu’“’il\ﬁ

b%g } Iy W < E}K
A%{u_’\s A {B N C} Pg state (J/ipp)

\-)-—El
—p—d

2?77
\ Phys.Rev.Lett.115(2015)072001

S > \
2 =
=
o 2500 / LHGb = 800 LHCb
o T
2 @
c 2000 S 600
|_|>J —=— data |_|>J
1500
— phase space 400
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my, [GeV] my,.,, [GeV]

An unexpected peaking structure was observed in the Jhpp system
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No pentaquark %

The amplitude analysis is performed. Fits with all known A* resonances but no
pentaquark amplitudes fail to describe the data.

Phys.Rev.Lett.115(2015)072001

% 2200 —=— data

= 5000 t —e— total fit

o) a LHCb background
1800 I (a) --of-- A(1405)

0316 18 2 2.2 2.4 2.6

Also tried adding: all Z* (isospin-violating) decays; two new A* resonances with
free M, T"; 4 non-resonant A* amplitudes. All fail to describe the data.
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With pentaquark %

Phys.Rev.Lett.115(2015)072001
One pentaquark

—=— data
¢ —e— total fit

(a) LHCb . background

+-- A(1405)

—Adding one pentaquark
state improves the
description but still fails to
fully describe the data

Two pentaquarks
(P.= 4380MeV, 4450MeV)
describe data

s * —=a— data
S 5000 —e— total fit

0 + background
1800 e P(4450)

Best fit has JP = 3/2- (lower
mass) and 5/2* (higher
mass), also (3/2*,5/2°) &
(5/2*,3/2°) are preferred

They have spin 3/2 & 5/2
& opposite parity
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Are there resonances? %

« The Argand diagram shows the typical phase motion of a resonance.
» Clear resonant-like behavior of the P_(4450); uncertainties too large to make
conclusive statement about P_(4380).

Phys.Rev.Lett. 115(2015)072001

0.05F P_(4450) !
P.(4380)

-0.1F

-0.15F

0.2

-0.253_ | ] ]
osf 'LHCb £ -

0.3 .
-8.35 0.3 -0.25 -0.2 -0.15 01 -0.05 0 005 01 015 -01 -0.05 0 0.05 01 0.5 0.2 025 0.3 0.35
P

Re A% Re A%

P.(4380)" P.(4450)*
LHCb has observed two states JP 3” T
decaying into JApp consistent with Mass [MeV/c?] | 438048 +29 4449.8+1.7+£2.5
pentaquark content of (c anti-c u u d) Width [MeV] | 205+18+86  39+£5+19

Significance
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Rare decays as indirect probes for BSM physics %

« Rare flavour changing neutral current (FCNC) decays (proceeds via a b- to s-
quark) are forbidden at tree level in the SM

* |t only occurs via electroweak penguin and box processes

 New heavy particles in SM extensions can enter in competing processes and
can significantly change the branching fraction of the decay

SM diagrams NP diagrams
W g

Today: T T
’ _ d —

© Bl ouw 70 g ‘ 11%7<M
.o %
» B> K'u'u + it

v
° BO’+ N KO’+’*+ M+M-
_ t
. Bos_)¢M+M b it: — 5 b5
¢ Ab — A M+M_ W\\ v \\W ]{—\\ v \\H+
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Very rare BY ) — pu*u” decays AHCD |

* Purely leptonic final state: theoretically and
experimentally very clean

* Very sensitive to NP

« SM predictions (accounting for AI'; # 0):

B(BY — ptp~) = (3.66 £0.23) x 10~
B(B®— pt ™) = (1.06 +0.09) x 10~ 1°

CMS and LHCb (LHC run 1) ~ Nature 552 (2015) 68-72
S e L B AL B ) )
S 60 RO Bo_ —+Das - « First observation of B%, — n*w
S sk / T penasdvedaend 3 with 6.20 significance:
~ C —— BO_> M+M_ 7 _
'(\5 - - - = Combinatorial bkg. ] 0 +,,—) — +0.7 -9
ot N A s, | BB ptpnT) = (2850) x 10
- B — — Peaking bkg. ] ] .
£ 30 | < « First evidence of B? — u*u
s + 4 with 3.00 significance:
o = :
2 0f | | B(B = ptum) = (3971%) x 10710

;._._._._._._._n...;:-.._.;'_... ...... - = — + E

5000 5200 5400 5600 58[(')\2 vier  Both Compatible with SM
m., eV/c?
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The ratio R = BF(B°—uu) / BF(B®.—up) e

CMS and LHCb (LHC run I) Nature 552 (2015) 68-72

]
© o
00) ©

B(B° - ut p) [10°7°
o o
o N

O
o

o o
w b

o
IV

SM

o
—

llJIllll lllIllllI

I
1 2 3 4 5 6 7

o IIII|IIII|IIII|IIII|IIIIlIIII|IIII|IIII|III
© lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

o

Rsnm = 0.029570:0028

R = 0.147970% compatible at 2.3 ¢

More details (including future plans): Hannah Mary Evans

A.Ukleja Highlights of LHCDb 08/01/2016



Rare B? — K*(—K*x’) u*u~ decays SR

The final state of the decay can be fully described by three angles and g? = mzw

d d
BO _ K*O
b v i : S Vi
\ ~W+ ) " )
*--201,1171,_'1< H Z)
T
The CP-averaged angular distribution of the decay:
1 3T +1) 9 ., , , 1 -
TR g~ 3ar a0~ Fu)sin®Ox & Ficos® O £ 51— Fi) sin’ O cos 20

— Fy cos® Ok cos 20, + S sin® O sin® 0, cos 2¢
+ 5S4 sin 20 sin 26 cos ¢ + S5 sin 26 i sin 6y cos ¢
-+ %AFB sin @ cos By + S+ sin 20 sin @, sin O

+ S sin 20 sin 20, sin ¢ + Sy sin” O sin f; sin 2¢]

S, — CP-averaged observables (relationships reduce the number of observable)
F, (= S,) — the longitudinal polarisation fraction of the K*¢
Acg (= 3/4 S;) — the forward-backward asymmetry of the dimuon system
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Rare B? — K*(—K*x’) u*u” decays %

LHCDb 3/fb, 2011+2012, 2398 + 57 events LHCb-PAPER-2015-051
Example in one g2 bin
st o, e The CP-averaged observables F, Az and S,
= 100 BO s K*0, signal | are determined from a simultaneous unbinned
2| L1<g®<60Gev?/et 1 maximum likelihood fit to three angles and
5 1 invariant mass distributions in g2 bins
Sl

SLR AT Good agreement of the fitted function with the data

<

5200 5400 se00 IS observed
m(K ™ utu”) [MeV/c?]

S LHo, | 3 T T e T e

> r preliminary 1 100 preliminary || & - preliminary -

£ 60 -4 £ 1 = 6o =
= | 1 2 =
88 1 K| A/ Q L
K40

1 2 0 2
¢ [rad]
signal component background component
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Rare B? — K*(—K*r’) u*u~ decays ﬁfﬁ%
LHCb-PAPER-2015-051 Altmannshofer et al. [arXiv:0811.1214]
@) ! | | T r rrr1rrr* " 1 rrrr 1 rrrr 1]
qm 0.5 — _
: - —_
0 !
i LHCb ]
i preliminary
i Il SM from ABSZ
-0.5 [1503.05534][1411.3161}"
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
0 'r 5 10 15 i
g [GeV?*/ 4] g (GeV?)

1
« The g? at zero of Agg is a good probe of New Physics.

« The zero-crossing point of Arg is determined to be 3.7*98 .. GeV?, which is
in good agreement with the SM prediction
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Rare B? — K*9(—K*r’) u*u- decays Lu’“il\a

The measured CP-averaged observables F, S;, S,, S; (LHCb-PAPER-2015-051)

— 1 - - . - -1 1 ] S — 1 - 1 1
= f LHCb ] 05 LHCb
0.8~ ] preliminary ] i preliminary
- SM from ABSZ A i SM from ABSZ ]
0.6~ ++ [1-503.05515’211]1[11411.3161']: . [1-503.055r3?1I]I[11411.3161]-
| + 1| o=
04F - (T )
M ] : +
0.2F - I ]
C -0.5 -
O [ PR PR | - PR L | - PR PR | PR L ] PR PR | - PR PR | PR L PR | PR L
0 5 10 15 0 5 10 15
g* [GeV?/c*] g* [GeV?/c!]
NI L O L R B L L B g L L EE L L R L L L B
? sy LHCb 117 o LHCb
i preliminary 1 i preliminary
I B SM from ABSZ ?i B SM from ABSZ
-+ [1503.05534][1411.3161] . [1503.05534][1411.3161]-
-0.5 - -0.5 —
PR TR TR TN [N TR SN SN SN T SR S S S N T S PR SR TR TN [N TR TN ST SR N SR SR S S N T S
0 5 10 15 0 5 10 15
g* [GeV?/ ] g? [GeV?/c*]
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Rare B? —» K*(—K*x’) u*u~ decays %

Perform ratios of angular observables where form factors cancel at leading order
Pl = S5/\/Fr(1 - Fyp)

LHCb-PAPER-2015-051

5~ o' 1_ —r T+ T+ 1 r© r°r T’ T - I ' ' i
i LHCb i
05k preliminary N
3' SM from DHMV i
i [1407.8526] i
0 ~ N

©
N
LI B B B L B B

- ——
II||I|IIII

1 1 1 1 l ] 1 f 1 l 1 1 1 1 ] 1
o 5>~— 10 15
q? [GeV?/c?]
A naive combination of the deviations in two bins of P’.: 4 < g?< 8 GeV?
give a significance of 3.7c agreement with the SM prediction
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The decays: B%* — K0+ p*u- “LI!@Cb

We measure also the differential branching fractions JHEPO06(2014)133
_ . -LCSR |LaI1ttlc§ +Data — . -LCSR ' Lattlce +Data' _
%5176"17 BHKO,u,u ; > 162216 gt k” uu
@, LHCb I Q s LHCb -
VU ] v&) i ]
oox o 10_ -
o SR ]

1N Q| L

% 15 20 = .0 20

¢ [GeV?/ct] 7 [GeVZ/cH]

EmLCSR Lattlcel +Data |

NE 4746"‘81 B eKﬂu /J —
5 LHCb - Trend to be below SM prediction
X at low g2?
=
= +
Sy
©
%OOIl.‘5.‘.‘110”.‘115””210ll

g2 [GeV?/c4]
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Rare B, — ¢(—K*K") u*u~ decays %

LHCb 3/fb, 2011+2012, 432 + 24 events s 5
0
« Dominant b — su*u decay for BY , analogous BSB 1 f
to the decay B? — K*9(—K*n") u*u” ot
« Full angular analysis performed, measure also ZO 7 o
differential branching fraction ’ .\
)

JHEPOQ9 (2015) 179
LHCb

SM pred.

= Data

SM predictions from
arxXiv:1411.3161,
arXiv:1503.05534

a8

L L L L 1 L L L 1 | L L 1 1 1 L
0 5 10 15
q? [GeV?/c4]

For the g2 region 1<qg?<6 GeV? the differential branching fraction of

(2-58+8:§? ::0.0S::O.lQ) x 1078 GeV ~*

dB(B’—¢uu)/dg? [10°GeV=2c4]

is 3.30 below the SM prediction of (4.81£0.56) x 10-8 GeV-?
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LHCDh

JHEP09 (2015) 179

Rare B%, — ¢(—K*K") u*u- decays

2 15—

1.0
0.5
0.0

058

.= 1.0
“3
0.5

0.0F
0.5F
B —

A.Ukleja

+ |

LHCb

=i

e
q* [GeV?*/ct

—I— :

LHCb }

]

_|_

g [GeV?/c*]

0.5¢

-0.5F
10—

o 1.0p——

0.0

e
q* [GeV?*/c4

Lﬂh].{};r —

LHCb }

5 10

5
g [GeV7/c?]

All angular observables consistent with the Standard Model
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LHCDh
JHEPO06 (2015) 115

Rare A, — A p*u~ decays

LHCb 3/fb, 2011+2012:
1.1<0%<6 GeVZ: 9.4 + 6.3 candidates (1.7 significance)
15<0g?<20 GeV?4 276 + 20 candidates (21 significance)

1.8 ——————————1———————————
1.6
1.4
1.2
1
0.8
0.6
0.4

SM predictions from

- arXiv:1212.4827
SM prediction

®*- Data

E+
T

dB(A, — A p )/ dg’ [107(GeV¥/ ey
|
|
|
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

LHCb
l 10 l 1|5 - 2|()
g* [GeV?* 4]

S
)

Similar tension with SM prediction for branching fraction at low g2
Statistics still low for angular analysis
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Probes of lepton universality %

Lepton flavour universality and conservation are accidental in the Standard
Model.

Any evidence of lepton flavour violation will point directly to new physics.

Despite countless searches in many experiments no evidence of lepton
flavour violation (apart from neutrinos...).

S

Today:

» B*— K'u*u/B*— K*e*e-

T

W‘/H‘,,/:/UT
Srb—a—»<o —» —» cC *
B{ .~ & ¥ 9, 1D%

> B%— DMhv /B0 — D™uyv
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Lepton universality using B* — K*I*I- %

« The deficit of B*>K*u"u- compared to expectation in the differential branching
fraction at low g2 could be seen in K*'u*u/K*e*e ratio (Ry)

« SM prediction is R, = 1 with an uncertainty of O(1073)
Example mass fit for Ke*e- --LHCb -m-BaBar -a—Belle PRL113(2014)151601

note huge tail due to energy loss ., 2—mm—————F——F——T7+——1

N L < i ]
§ 40:‘ + LHCb L LHCb -
> 30} “’ S 1.5F ! 5
N - Full fit i i i
; 20_ B Comb. background ] - -
Q X Part. reco. ] - l -
o) i - -
g ‘IL ] - Shi -
5 _ . :

5000 5200 5400 5600 - N -

m(Kete”) [MeV/e?] 050 sm Bobeth et al. arXiv:0709.4174

~ 0o - BaBa PRD86 (2012) 032012 .
> 300r LHCb 7 [ Belle PRL 103 (2009) 171801 ]
= i BT = ptpm KT | | ——— PR S (NS SR S [T ST SRR N
l&'200:— - Full fit ‘ 0 S 10 15 20
i/ i B Comb. background ] qz [Gevz/c‘":
£100f .
< N .
%00 5400 5600 Only 2.60 from SM but suggestive

m(K*utu’) [MeV/c?]
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The decays B° — D® ¢y , B® — D™ py e

We count decays with B, once in the final state there is heavy lepton (t) and once
light ()

T

.. B(B' =Dt (uv,v,)v,) W™ /Hj,/:/ Ur
R(D")= =0 e S b—a—»<o > —»C
B(B'—D"uv,) B{q S ARD G}D(*)
~ 05— ———— 71— 3 ° Powerful channel to test lepton
a) - — BaBar, PRL109.101802(2012) AY*=1.0 7 universality
&, 045 T e, 3 « Sensitive to New Physics
04 T Avee 4 + Measurements form BaBar and
: = Belle hint of lepton universality
0.35= \—\ violation
03F 3 LHCb (PRL115(2015)112001):
0.25E — [ZH | - Agree with other measurements
5 SM prediction PO =55% - « 2.10 above SM:
092 03 04 \ 05 o6  R(D*)M=0.252+0.003
\ R(D)

Combined result from all measurements: 3.90 above Standard Model
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Summary %

The LHCb has performed spectacularly well in Run 1 (2011+2012, 3/fb)
confirming so far the robustness of the Standard Model

For the first time, LHCb has observed two resonant states in JApp consistent with
pentaquarks: P_(4380MeV), P_(4450MeV)

Rare decays are an excellent laboratory to search for BSM effects

Several potential ~30 hints of BSM effects to be explored further:

< inrare B? — K*%u*u~ decays observable P’ in 4 <g?<8 GeV? give a
significance of 3.7c agreement with the SM

< inrare B% — ¢u'u” decaysin 1<g?<6 GeV? the differential branching
fraction is 3.30 below the SM and this trend is seen in other decays

< B(D*tv)/B (D*uv) =0.336 + 0.027 + 0.030 agree with SM (2.10), but
combined result from all measurements is 3.90 above SM
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Prospects THCD|

Future:

- Data are being recorded, 2015-18 > 8/fb at Vs=13 TeV (Run 2)

* Move towards precision era for B ;) — X p*y~ decays

« Expand physics programme to more modes with electrons and taus:
< not only R, (B—Ke*e’/B—Ku*u) but similar ratios with different hadronic

systems (K*, ¢, A, etc.)
< not only D*tv, but also Dtv, D tv, A tv, efc.

« LHCDb upgrade (starting 2019) plans to collect ~50/fb data in 2022 and reach
sensitivity which are comparable or better than theoretical uncertainties
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LHCb upgrade %
EPJ C73(2013)2373

Type Observable LHC Run 1 LHCb 2018 LHCDb upgrade Theory
B" mixing 6.(B° — Jji @) (rad) 0.049 0.025 0.0090 ~ 0.003
é+(B® = J/tb fo(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aa(B?) (1073) 2.8 1.4 0.5 0.03
Gluonic ¢ (BY = ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin ¢ (BY — K**K*%) (rad) 0.19 0.13 0.023 < 0.02
28°F(B° — ¢K?2) (rad) 0.30 0.20 0.036 0.02
Right-handed T (BY = &) (rad) 0.20 0.13 0.025 < 0.01
(T ET1. eff f (] (] ( [
Electroweak utu 1l < g° < 6Ge 0.04 0.020

penguin a3 Arp(B° — K*%utp) 10% 5%
Al(Kptp—;1 < ¢* < 6GeVY ) 0.09 0.05

B(BY - atpu*u™)/B(BY = Ktp*tpu™) 14% ™%

Higgs B(BY — ptp~) (1077) 1.0 0.5

B(B° — utp)/B(B? = p*u) 220% 110%
triangle v(B? - DFK#) 17° 11° 2.0° negligible
angles B(B" — J/¢ K2) 1.7° 0.8° 0.31° negligible
Charm A (D" =S KTK) (1079 34 22 0.4 -
CP violation AAcp (1073) 0.8 0.5 0.1 -
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Pentaquarks interference THCH
Phys.Rev.Lett. 115(2015)072001 -_:_-?e;tall“ N ﬁg]ggg;
otal 1
9400' " M(Kp)<1 55GeV 1 B5<M(KD — background “% A(1800)
§ M p 1t (b) + ' ( p)_ P_(4450 -£+- A(1810)
10 J.W#+ ** <1.70GeV #%P (4380) -4+ A(1820)
] ] 'y | haos Ao
S b 2 A qu ' -5-A(1520) 4. A(2100)
111 200F *+ % T ' ﬁ.ﬁl-lﬁ - A(1600) -A- A(2110)
| % - B A N
LA B +* T %‘&% 1 ¢ Such interference requires two
W o W | d i#e,q q
. 7 L5

| ¢ wWweezi'ﬁ:; [T W— states with opposite parity

L (c) *H 1.70<M(Kp) + (d) M(Kp)>2.00GeV{ + LHCb has observed two resonant

M <2.00GeV | LHCb states decaying into J/yp consistent
with pentaquark content of

(c anti-c u u d)

P.(4380)" P.(4450)*
S e == e v Mass [MeV/c?] | 4380 £84+29 4449.8+1.7+25
4 4.5 _ [5GeV] 4.5 [5Gev] Width [MeV] | 205+18+86  39+5+19
bl Morye Significance .@ .‘@
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A2 — Jly p K- candidate

CHE

Event 251784647

Run 125013
K
Thu, 09 Aug 2012 05:53:58 Ab

decay point | | E

3cm

Ap

‘ ' 1 i |
pp
collision point

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58

A.Ukleja Highlights of LHCb 08/01/2016



Rare B? —» K*(—K*x’) u*u~ decays %

LHCDb 3/fb, 2011+2012 LHCb-CONF-2015-002
(‘\lb C ' | T
K LHCb |
% i preliminary A
S 600 —
= 600 |
v |
% 4001 —
2 4001 |
O
5 [ ]
a0 ]
2001 .
05500 5300 5600

m(K ' utu™) [MeV/c?]

Full g% range: 2398 + 57 events
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Rare B? — K*(—K*r’) u*u- decays ﬂ’f‘%

LHCb-CONF-2015-002
, = l T T T T T T T T T T T T T T T T T T L Ll v ' | ' ' T T ] T T T T | T T T
M= Z ‘ LHCH i q*E 0.5 -
0.8 ? — preliminary - i — —t—
- M SM trom ABSZ i 7
0.6]- —~+ 4 . ! )
: —+- i oH i
baL — 3 B LHCh ]
H 1 i preliminary i
0.2 = " -
- - I SM from ABSZ
i i 0.5 -
" M " " 1 " " M N 1 " N " M 1 M " " I 1 1 1 1 1 1 1 1 | Y 1 PR 1 P "
00 3 10 15 (0 5 10 15
¢ |GeV?/c?) g* [GeV3 4
™ L) L L L) l L) Ll L) L) I LJ L) L) Ll I L) L} L) . "f LJ L) L) L} I L) L) LJ L) I T L) L) L I L) L) LJ
7 03 LHCb 1 7 05 LHCb
i preliminary preliminary
i B SM from ABSZ 7 I SM from ABSZ

: +;;_:“~l-++

0.5 - 0.5 _
1 | - 1 1 1 1 1 PR 1 1 1 1 1

0....5....10....15... OIIIS 10 15
g° [GeV?/ ] g° [GeV*/ ¢4
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Rare B? — K*(—K*x) u*u~ decays %

LHCb-CONF-2015-002
: preliminary ] I preliminary

I SM from ABSZ 7

S AR R i :

0.5 — -0.5 ~
L 1 i 1 1 1 L 1 1 1 1 1 L 1 1 1 1 L 1 1 l 1 L 1 | 1 1 1 1 | 1 1
0 5 10 I5 0 5 1O 15
g* [GeV/cY) ¢* [GeV¥ 4]
b 4 L) T Ll T l T Ll T Ll I T T Ll T ] T T T ? Ll I L} Ll T Ll I T T Ll T ] T T T
“ “y
St - 5
03 LHCh ] 031 LHCh ]
i preliminary ) i preliminary )
0 + —— + —— 0 { }
L e Pr—— - :{"+’—0—0 I -
-0.5 - 0.5 —
1 M " 1 " " P 1 " " " PR 1 " 1 " " PR 1 " "
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Rare B, — ¢(—K*K") u*u~ decays Lu’“il\a
JHEPO9 (2015) 179

w10 - el OQ—
n < .
0.5F s 0.5F 7

OOI ++ """""" _}" """"" 'ﬁ:{i 00:*_4[—__4"_*_“*“ _':

05k 1 osk £

q* [GeV?/c?) ¢ [GeV¥cH]
S — - o 1.0 ————
F <

0.5F . 0.5F E
TS = +++ N T S A

0.5F 1 0.5k E

_]0 PR .S. Al .]0. ML .]5. PR _]0 i .5. P .]0. PR .15. P

¢* [GeV?/et) ¢ [GeV¥c4]
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