Recent results on <

angular analySIS of decay
"B — K*uu at LHCb__

Marcin Chrzaszcz I Umverslty_of
mchrzasz@cern.ch D Zurich s S

University .of Padova
March 22, 2016

Marcin Chrzaszcz (Universitét Zirich, IF) PAN) Particle Phenomenology, Particle Astrophysics and Cosmology Seminar


mailto:mchrzasz@cern.ch

Qutline

FIXME!

Why flavour is important.
b — sff theory in a nutshell.
LHCb measurements of b — s//.

Global fit to b — s¢¢ measurements.

u A W N -

Conclusions.

Marcin Chrzaszcz (Universitét Zarich, IF) PAN) Particle Phenomenology, Particle Astrophysics and Cosmology Seminar



A lesson from history - GIM mechanism

Ke

w w
® Cabibbo angle was successful in explaining dozens of . . i A
decay rates in the 1960s.
® There was, however, one that was not observed by AT s TR Vet

experiments: K° — p~pu™.
® Glashow, lliopoulos, Maiani (GIM) mechanism was
proposed in the 1970 to fix this problem. The
mechanism required the existence of the 4'* quark.
® At that point most of the people were skeptical about
that. Fortunately in 1974 the discovery of the J/i
meson silenced the skeptics.
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A lesson from history - CKM matrix
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A= 0.22: Cabibbo angle
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e Similarly CP violation was discovered in
1960s in the neutral kaons decays.

105

e 2 x 2 Cabbibo matrix could not allow for
any CP violation.

Results published in
\ Physical Review Letters
gw® August 1, 1977

® For the CP violation to be possible one f | v\z
needs at least a 3 X 3 unitary matrix 107 ? , ) ¥
% Cabibbo-Kobayashi-Maskawa matrix o N é .
(1973). ] RERE!
| .

I
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e |t predicts existence of b (1977) and ¢ (1995)
quarks.
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A lesson from history - Weak neutral current

e Weak neutral currents were first,
introduced in 1958 by Buldman.

e Later on they were naturally incorporated
into unification of weak and
electromagnetic interactions.

® 't Hooft proved that the GWS models was
renormalizable.

e Everything was there on theory side, only
missing piece was the experiment, till 1973.
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LHCb detector - tracking

L~ 7mmSV
Py Bl.-s

IR"‘.A"

e Excellent Impact Parameter (IP) resolution (20 pm).

= |dentify secondary vertices from heavy flavour decays
e Proper time resolution ~ 40 fs.

= Good separation of primary and secondary vertices.

e Excellent momentum (dp/p ~ 0.4 — 0.6%) and inv. mass resolution.
= Low combinatorial background.
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LHCb detector - particle identification

Ecar HCAL
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e Excellent Muon identification €, ., ~ 97%, €z, ~ 1 — 3%
¢ Good K — 7 separation via RICH detectors, ex i ~ 95%,
exrmi ~ 5%.
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds. Muons:
pr > 1.76GeV at LO, pr > 1.0GeV at HLT1,
B — J/pX: Trigger ~ 90%.

6
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Why rare decays?

¢ In SM allows only the charged interactions to change flavour.

o Other interactions are flavour conserving. G

e One can escape this constrain and produce b — s and i

b — d at loop level. <qi

o This kind of processes are suppressed in SM — Rare decays.

4
o New Physics can enter in the loops. W=
7
b t 5
~ X n Gi
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Tools in rare BY decays

e Operator Product Expansion and Effective Field Theory

i=1,2
i=3-6,8
i=7

4G

7a%6
V2

Ci(w)Oi(p) + C{()Oi(w) | ,

left-handed

Hepp =~

right-handed

Tree

Gluon penguin
Photon penguin
EW penguin
Scalar penguin

Pseudoscalar penguin

where C; are the Wilson coefficients and O; are the corresponding

effective operators.
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B — K*up as a golden channel

Marcin Chrzaszcz (Universitat Zirich, IF) PAN) Particle Phenomenology, Particle Astrophysics and Cosmology Seminar



B’ — K*u~p* kinematics

= The kinematics of B® — K*1~u* decay is described by three angles
0;, 0%, ¢ and invariant mass of the dimuon system (¢?).

= cos 0 the angle between the
direction of the kaon in the K*
(K*) rest frame and the direction
of the K* (K*) in the B° (BY) rest

frame.

= cos 0;: the angle between the @ e
direction of the p~ (™) in the . >t .
dimuon rest frame and the e .

direction of the dimuon in the B°
(BY) rest frame.

= ¢: the angle between the plane
containing the 1~ and u* and the
plane containing the kaon and pion
from the K™*.
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B’ — K*u~p* kinematics

= The kinematics of BY — K*u~u™ decay is described by three angles
0, Ox, ¢ and invariant mass of the dimuon system (¢?).

4
L = i Jlssin2 6K+chcos2 O + (Jas sin? 9K+J2C6052 05 ) cos20;
dq? dcos 0 ¢ dcos 0; do 327

+Js sin? O sin? 0; cos 2¢ + J4 sin 20 i sin 20 cos ¢ + J5 sin 20 i sin 0; cos ¢
1 1 1

+(J6s sin? 0 + Jee cos? Op) cos 0 + J7 sin 20 i sin 6; sin ¢ 4+ Jg sin 20 i¢ sin 26; sin ¢
1 1

+Jg sin? 0K sin? 6; sin 2¢:| 5 0

= This is the most general expression of this kind of decay.
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

J1s

Jo2s

J3

Js

J6s

J7

Jg
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

21
AR = aNmp(1 -8 [(cs“ +¢5) F (Cro + o) + 2 (€5 ¢ cs“’ﬁ €1 (Bg)
APt = VANmp(1 - 9) [(cs“ C5™) F (Cro — Clo) + ot c5 — cs“’)} €1 (Bex)
3
Nmp(1l — §)?
abr o _NmeU-97 [(cs“ 5™ F (Cro — Cho) + 2y (S — cs“ﬁ] € (Bxe), @
2 e x V3

where § = ¢>/m%, 1h; = m;/mp. The €|, are the form factors.
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

AR = VaNmp(1-8) [(cs“ +¢cg™) F (Cro+Clp) + —(ci“ + c:“’ﬂ €1 (Bgx)
APt = VANmp(1 - 9) [(cs“ C§) F (Cro — Clo) + T (c5 c:“’)} €L (Bgc)
3
Nmp(1-=382[ . . . e
Al = B TR e - ety (Cro - Ch) + 20y (G5 — 2 | g (Bxe), O
2mK>«\/g

where § = ¢>/m%, 1h; = m;/mp. The €|, are the form factors.
= Now we can construct observables that cancel the £ form factors at

leading order:

Pgﬁ _ Js + J5 @)

24/ —(J§ + J)(J§ + J3)
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LHCbs B — K*u~u™, Selection

aw T T T T
Tri 2 ]
= TIrigger T oo -
. [}

® Muon trigger. o = ® 2011 Data

. . - ® 2012 Data ]

® Topological trigger. 05 © 2012 MC (biased) |

. . © 2012 MC Tis-Tos 1

= Good modelling with MC. & 1

= Selection: ]

. 1%00 2000 3000 4000 5000 6000
® As loose as possible. max muon p,_( MeV/c )
® Based on the B° vertex quality,

9 ] 1.

impact parameters, loose Particle & ' e 2011 pam ]

identification for the hadrons. g ik © 2012 Data 3

o © 2012 MC (biased) 1

® The variables were chosen in a S 2012MCTisTos ]

i 3

way we are sure the are correctly [o—o—o—o0—o0—o0— o1

i Fo——0—g —o—0——¢—__, —¢ ]

modelled in MC. 09 E

0. 1 1 1 1 :

0 0.2 0.4 0.6
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Peaking backgrounds

= A number of peaking backgrounds that can mistaken as your signal.
= There where a specially designed vetoes to fight each of them.

after preselection, before vetoes after vetoes and selection
Channel Estimated events % signal Estimated events % signal
Ay — A*(1520)%up | (1.0£0.5) x 10° 19 £ 8 51 4 25 1.0+0.4

A{)’ — pKpup (1.0 4+ 0.5) x 102 1.9+£0.8 5.7+£2.8 0.11 £ 0.05
B; — K+y,p, 28+ 7 0.55 + 0.06 1.6 £0.5 0.031 £ 0.006

BY — ¢up | (3.241.3) x 102 6.2 4+ 2.1 177 0.33+0.12

signal swaps (3.6 £ 0.9) x 10? 6.9 £0.6 33+9 0.64 £ 0.06

BY — K*J/i swaps | (1.340.4) x 10? 2.6 +£0.4 2.7+ 2.8 0.05 + 0.05

—r
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Multivariate simulation

PID, kinematics and isolation variables
used in a Boosted Decision Tree (BDT)

R [Gevici]

to discriminate signal and background.

® BDT with k-Folding technique.

® Completely data drive.

MVA_baseline_S

0.5,

TRt

L] b
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/‘W“.
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Multivariate simulation, efficiency

= BDT was also check in order not to bias our angular distribution:

Efficiency

Efficiency

Efficiency

1

098

096

094f-

092f-

09f-

ossf -

08af-

o082

° D R B 3
o(rad)

Efficiency

1

098

098~

094f-

092f-

.
04 08 08 06 04 02 0 02 04

05 65 1
cos(9) cos(0,)

= The BDT has small impact on our angular observables. We will correct for this effects

later on.
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Mass modelling

= The signal is modelled by a sum of two Crystal-Ball function with
common mean.

= The background is a single exponent

= The base parameters is performed in the proxy channel:

BY — J/i(np) K*.

= All the parameters are fixed in the signal pdf.

=> Scaling factors for resolution are determined from MC.

= In fitting the rare mode only the signal, background yield and the
slope of the exponential is left floating.

‘“g Fr T ‘ Lgllct)‘ *O‘ ]
g ool B - K%y
= ]
S0 ]
$ 400 .
g ]
B ]
'-5 4
S 200 .
O ]
0, 5400 5600

m(K* 7T ) [MeV/c?

= We got 624 + 30 candidates in the most interesting
[1.1,6.0] GeV?2/c* region

and 2398 = 57 in the full range [1.1,19.] GeV?
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=> The S-wave fraction is extracted using a LASS model.




Monte Carlo corrections

= No Monte Carlo simulation is perfect! One needs to correct for remaining differences.
= We reweighed our BY — K*uu Monte Carlo accordingly to differences between the

BY — K*J/i in data (Splot) and Monte Carlo.

£0.18 T T J Lo.12F T j ) E
$0.16 18,F E
B0.14 1Y
£0.12 4 sSoosk E
2 01 E Eo 06 E
go.os E ‘g
£0.06 4 Soos4 E
©0.04 4 O
Bo.02 3 Eo .02 E
c 0 c 0 L
S 0 0000 0 2 4 6 8
g candidate P, (MeV? 0)00(2 vertex quality

[%] T T

£ 0aF J

o

©0.08F E

c

So.06F E

£0.04F E

5

0.02f E

B

5 % 200 400 600

g number of tracksin event
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Monte Carlo corrections

= No Monte Carlo simulation is perfect! One needs to correct for remaining differences.
= We reweighed our BY — K*uu Monte Carlo accordingly to differences between the
BY — K*J/i in data (Splot) and Monte Carlo.

ed or mCtI'I..Lth events
r m
o
R
T
1

8
o
!
ed ol
o
Q
N
T
1

£ o s L x]
S 0 100 200 300 _400 500
g candidate [p|(MeV/c)

veight
N
w
N

30000 -

entries

25000 -

20000F~ =

15000 -

10000F~ =

5000F =
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Detector acceptance

® Detector distorts our angular distribution.
® We need to model this effect.

® 4D function is used:

€(cos 0, cos Oy, ¢, q2) =
> Pi(cos 1) P;(cos 0) Pe(9) Pi(g”),
ijkl
where P; is the Legendre polynomial of order .

® We use up to 4", 5" 6" 5" order for the
cos 0y, cos O, ¢, ¢°.

® The coefficients were determined using Method
of Moments, with a huge simulation sample.

® The simulation was done assuming a flat phase
space and reweighing the ¢* distribution to
make is flat.

® To make this work the ¢? distribution needs to
be reweighed to be flat.
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Detector acceptance

Detector distorts our angular distribution.
We need to model this effect.

4D function is used:

€(cos 0, cos Oy, ¢, q2) =
> Pi(cos 1) P;(cos 0) Pe(9) Pi(g”),
ijkl
where P; is the Legendre polynomial of order .

We use up to 4", 51" 6" 5" order for the
cos 0y, cos O, ¢, ¢°.

The coefficients were determined using Method
of Moments, with a huge simulation sample.
The simulation was done assuming a flat phase

space and reweighing the ¢* distribution to
make is flat.

To make this work the ¢? distribution needs to
be reweighed to be flat.

Efficiency

Efficiency

05 f

/ 0.1, 1.0] GeV/ct

[18.0, 19.0] GeV2/ct \

simulation

i
0.5~

[0.1,1.0] GeV2/ch ™ |
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[ LHCb
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Control channel

e We tested our unfolding procedure on B — J/i K*.

e The result is in perfect agreement with other experiments and our
different analysis of this decay.

r
LHCb
preliminary

T
LHCb
preliminary

élO Me:\gc2

Events / 5.3 MeV/c?

Events
g
8
S

5400 5600 . . 09 0.95
m(K* 7wt w) [MeV/e?) mK*7") [GeV/c?]

Events / 0.02
Events / 0.02
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g
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The columns of New Physics

Amplitudes Maximum Method of
likelihood fit Moments

I
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The columns of New Physics

1. Maximum likelihood fit:
o The most standard way of obtaining the parameters.

o Suffers from convergence problems, under coverages, etc. in low
statistics.

2. Method of moments:

o Less precise then the likelihood estimator (10 — 15% larger
uncertainties).
o Does not suffer from the problems of likelihood fit.

3. Amplitude fit:

o Incorporates all the physical symmetries inside the amplitudes! The
most precise estimator.
o Has theoretical assumptions inside!
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Maximum likelihood fit

= In the maximum likelihood fit one could weight the events accordingly
1

e(cos 0y, cos O, ¢, %)
= Better alternative is to put the efficiency into the maximum likelihood

fit itself:

to the

N
£ =TLa@a)P@uad)/ [ ()P a*)i0e?
=1

= Only the relative weights matters!

= The Procedure was commissioned with TOY MC study.

= Angular background component is modelled with 2"¢ order Cheby-
shev polynomials, which was tested on the side-bands.
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Method of moments

= See arXiv::1503.04100, F.Beaujean , M.Chrzaszcz, N.Serra, D. van Dyk
for details.
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http://arxiv.org/abs/1503.04100

Results in B — K*uu

a° 1 T T T ]
LHCb ]

05! preliminary _

SM from DHMV 7

<]
ol
e

L 1|5 L
o? [GeVH Y]

o

e Tension with 3 fb~! gets confirmed!
e The two bins deviate both in 2.8 ¢ from SM prediction.

e Result compatible with previous result.
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Branching fraction measurements of B — K

EE]LCSR Lattice —e-Data
T T T

BN .CSR Lattice --Data
T T T

ol T a0 T _:
% 5 BOﬁKO,u“f,u’ — % 5 B+eK+,u+,u7 ]
Q. LHCb | 9 . LHCb
< ] < ]
Q ] S ]
X 3 3 x 3 3
5 T b+ Tt ]
=2 —+—_+_ 1= +* E
;?‘ 1 + 3 N-g 1 E
m 1 1 1 1 N m 1 1 1 1
= % 5 10 15 20 = % 5 10 15 20
¢ [GeVZc4] ¢ [GeV¥HcA]
— 20 EN]CSR Lattice -e-Data
& T T T T ]
s B*> Kty ]
. . Q 1sf LHCb
e Despite large theoretical T ]
X L
errors the results are £ 10 _+_ ~ .
consistently smaller then = | 1
. . A 5 —
SM prediction. St ]
m 0: 1 1 1 1
= 0 5 10 15 20

¢ [GeV¥HcH
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Branching fraction measurements of BY — ¢puu

o.—t\)w-l;uxoxxloc\o

E_ —+—— -SM rel;l‘
E wide) 3
E \SM 6D 3

+Dala (wide; )—E

dB(B?—gup)/dg? [10°Ge V34

Recent LHCb measurement [JHEPP09 (2015) 179].
Suppressed by 4.

Cleaner because of narrow ¢ resonance.
3.3 o deviation in SM in the 1 — 6GeV? bin.
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Branching fraction measurements of Ay, — Auu

1.8 T T T T T T T T
1.6
1.4
12
1
0.8

SM prediction

*~ Data

o o 29
S SER-N

+ T
+
+

dB(A, — A p )/ dg? [107(GeV ety

b—I—I L 1 |

=] IIII
W
—_
=
—_
W
83
=

e This years LHCb measurement [JHEP 06 (2015) 115]].
e |n total ~ 300 candidates in data set.

e Decay not present in the low ¢>.
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Branching fraction measurements of Ay, — Auu

"LHCb
[4.0,6.0] GeV*/¢*

LHCb
[18.0,20.0] GeV¥/c*

Candidtates per 30 MeV/c?
>
Candidtates per 30 MeV/c?
IS
5

5400 56‘00 SSJOO 6000
M(Apy) [MeV/c?]

5400 5600 5800 6000
M(Ap) [MeV/c?]

e This years LHCb measurement [JHEP 06 (2015) 115]].
¢ |n total ~ 300 candidates in data set.

e Decay not present in the low ¢>.
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Angular analysis of Ay — Aup

e For the bins in which we have > 3 o significance the forward
backward asymmetry for the hadronic and leptonic system.

g 05 E— ———r —
< 04 E
y LHCb SM prediction 3
0.3
02 " Data _g
0.1

Hadronic asymmetry

LI UL LR L e s

AL LRl LN F A LA (R s e

S o
S

S
A
|

<
o
Q
)
z
-
S
=
v
S
O
<
o
Q
&
8
L3
S
=

o Al isin good agreement with SM.

o A always in above SM prediction.
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Lepton universality test

If Z'is responsible for the P anomaly, does
it couple equally to all flavours?

5 ——LHCb —*BaBar —*Belle
T T

q°=6 Gev?/c* + + - 2\d g2
dB[BT — K dg®)d &~
2=1Gev?2/ch (dB[ wru~]/dg?)dq 14 0(10_3) ' LHCb

o /5 (AB[B — K+ete~]/dg?)dg? Lsf ]

R =

Challenging analysis due to bremsstrahlung. 1 } ! M
Migration of events modeled by MC. “F ]
Correct for bremsstrahlung. % 5 10 ER
Take double ratio with B+ — J/ K~ to e
cancel systematics. ® Phys. Rev. Lett. 113, 151601

In 3fb—!, LHCb measures (2014)
Ry = O.745f8:8?2(3tat.)f8:8§g(syst.)

Consistent with SM at 2.60.
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Angular analysis of B" — K*ce

e With the full data set (3fb—!) we performed angular analysis in
0.0004 < ¢%> < 1 GeV2.
e Electrons channels are extremely challenging experimentally:

o Bremsstrahlung.
o Trigger efficiencies.

e Determine the angular observables: Fy,, A(TQ), ARe, Alm,

R =
AQ =
Afe =

Im
At =
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Angular analysis of B" — K*ee

30 odel T
25
20
15

10

Candidates / (30 MeV/c?)

£ M R RS FEETE ST SRR

5200 5400
m(K'ree) MeVicd

e Results in full agreement with the SM.
e Similar strength on C; Wilson coefficient as from b — s+ decays.

LHCb

Candidates / (0.2)
Candidates /(0.2)

Candidates / (0.1x rad)
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Theory implications
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Theory implications

e A preliminary fit prepared by S. Descotes-Genon, L. Hofer,

J.

Matias, J. Virto, presented at 1510.04239

e Took into the fit:

]
]

]
]
O
O

B(B — X,v) = (3.36 £ 0.23) x 10~4, Misiak et. al. 2015.

B(B — pp), theory: Bobeth et al 2013, experiment: LHCb+CMS
average (2015)

B(B — Xgpuu), Huber et al 2015

B(B — K pu).Bouchard et al 2013, 2015

PB(y) — K*(¢)uu, Horgan et al 2013

B — Kee, B — K*ee and Ry.

e Overall there is around 4.5 o discrepancy wrt. SM.
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Theory implications
e A preliminary fit prepared by S. Descotes-Genon, L. Hofer,
J. Matias, J. Virto, presented at 1510.04239
e The data can be explained by modifying the C Wilson coefficient.

e Overall there is around 4.5 o discrepancy wrt. SM.

3o, PN 1 3F
v \ | Branching Ratios | Branching Ratios

! Angular Observables (P;)
Al ] Al

Angular Observables (P) |

\
)

-2 -2
-3 il -3
-3 -2 0 1 2 3 -3 -2 -1 0 1 2 3
cy? cy?
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Theory implications

Coefficient Best fit 1o 30 Pullgy;  p-value (%)
o —0.02 [-0.04,—0.00] [-0.07,0.04] 1.1 16.0
cr —1.11 [-1.32,-0.89] [-1.71,-0.40] 4.5 62.0
oy 058 [0.34,084]  [-0.11,1.41] 25 25.0
[t 0.02  [-0.01,0.04]  [-0.05,0.09] 0.7 15.0
cyr 049 [0.21,0.77] [-0.33,1.35] 18 19.0
iy —0.27 [-0.46,—0.08]  [-0.84.0.28] 14 17.0
v =iy =021 [-0.40,0.00]  [-0.74,0.53] 1.0 16.0
P = —C}F —0.69 [-0.88,-0.51] [-1.27,-0.18] 4.1 55.0
cor =y —0.09 [-0.35,0.17]  [-0.88,0.66] 0.3 14.0
CoF = -Cly 020 [0.08,0.32] [~0.15,0.56] 17 19.0
CYF = —C}JF —1.00 [-1.28,—0.88] [-1.62,-0.42] 4.8 72.0
CNP — NP
Y op e =068 [-0.49,-049] [-1.36,-0.15] 39 50.0
==Cy ==Cly
CNP — NP
. —0.17  [-0.29,—0.06] [-0.54,0.18] 15 18.0
=C3F = =Cy

Table 2: Best-fit points, confidence intervals, pulls for the SM hypothesis and p-values for
different one-dimensional NP scenarios.
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If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, 1503.06199 .

g,.(. -

CT-T-T-T-T-1:741
f8000000
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If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, 1503.06199 .

““““““““““

q° (GeV?)
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If not NP?

e How about our clean P, observables?
e The QCD cancel as mentioned only at leading order.

e Comparison to normal observables with the optimised ones.

3 3
| Angular Observables (S;) | Angular Observables (S))
2 Angular Observables (P)) of 771 Angular Observables (P))
] AlP) ) aney
1 10 P
o oz
%0 ; T o
3 |
| )
\ /
-1 - y -1
-2 -2
=30 i =30 i
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
o o
9 9
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There is more!

e There is one other LUV decay recently measured by LHCb.

o R(D*) =

B(B — D*tv)

B(B — D*uv)

Clean SM prediction: R(D*) = 0.252(3), PRD 85 094025 (2012)
LHCb result: R(D*) = 0.336 4 0.027 £ 0.030, HFAG average:

R(D*) = 0.322 + 0.022

3.9 o discrepancy wrt. SM.

C T
F = BaBar, PRL109,101802(2012) A=1.0
- = Belle, arXiv:1507.03233

LHCb, arXiv:1506.08614

E = Average

Marcin Chrzaszcz (Universitat Zirich, IF) PAN)

Particle Phenomenology, Particle Astrophysics and Cosmology Seminar



Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

Time will tell if this is QCD+fluctuations or new Physics:
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Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

e Time will tell if this is QCD+fluctuations or new Physics:

"... when you have eliminated all the

Standard Model explanations, whatever remains,
however improbable, must be New Physics.”
prof. Joaquim Matias
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Thank you for the attention!

30 siides i 10
minutes... 1§ that
o Jore?,

1 hove no idea
what ERFCI stonds
for.. is it a.
Tatellite or a metric?

AL
really need to
make a dentist
appoLntment.

1 should coleulate
the r* value?
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Backup
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A lesson from history - GIM mechanism

Ke

w w
® Cabibbo angle was successful in explaining dozens of . . i A
decay rates in the 1960s.
® There was, however, one that was not observed by AT s TR Vet

experiments: K° — p~pu™.
® Glashow, lliopoulos, Maiani (GIM) mechanism was
proposed in the 1970 to fix this problem. The
mechanism required the existence of the 4'* quark.
® At that point most of the people were skeptical about
that. Fortunately in 1974 the discovery of the J/i
meson silenced the skeptics.
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A lesson from history - CKM matrix

T 2 A3 u n‘_.;:n‘?ﬂ‘ 7 -
i - . XZ @ E : \ﬁ: \\
X2 /O N /{

A= 0.22: Cabibbo angle

8 I I I A
) X

e Similarly CP violation was discovered in
1960s in the neutral kaons decays.

105

e 2 x 2 Cabbibo matrix could not allow for
any CP violation.

Results published in
\ Physical Review Letters
gw® August 1, 1977

® For the CP violation to be possible one f | v\z
needs at least a 3 X 3 unitary matrix 107 ? , ) ¥
% Cabibbo-Kobayashi-Maskawa matrix o N é .
(1973). ] RERE!
| .

I
| 1

| ;_1 al
|

e |t predicts existence of b (1977) and ¢ (1995)
quarks.
Marcin Chrzaszcz (Universitat Zirich, IF) PAN)
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A lesson from history - Weak neutral current

e Weak neutral currents were first,
introduced in 1958 by Buldman.

e Later on they were naturally incorporated
into unification of weak and
electromagnetic interactions.

® 't Hooft proved that the GWS models was
renormalizable.

e Everything was there on theory side, only
missing piece was the experiment, till 1973.
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Recent measurements

= Branching fractions:
B%* — K%, LHCb, Mar 14

BY — K*u~pt  CMS, Jul 15 = Lepton Universality:

BY — ¢p~pt  LHCb, Jun 15 BT — K*/¢/ LHCb, Jun 14
B* — wtp ™ LHCb, Sep 15 = Angular:

A, — Ap~pt LHCb, Mar 15 BY — K*¢{  LHCb,Jan 15
B — 't CMS+LHCb, Jun15 B — K**(/ BaBar, Aug 15
= CP asymmetry: BY — ¢ff  LHCb, Jun 15
B* — ntp~pt  LHCb, Sep 15 A, — Ap~pt LHCb, Mar 15

= Isospin asymmetry:
B— Kuput LHCb, Mar 14
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Recent measurements

= Branching fractions:

B%* — K%¥p~p* LHCb, Mar 14 = Lepton Universality:

BY — K*u~pt CMS, Jul 15 BY — K*(7 LHCb, Jun 14
BY — ¢u~pt  LHCb, Jun 15 = Angular:

B* — wtp ™ LHCb, Sep 15 BY — K*¢f  LHCb, Jan 15
A, — Ap~p™ LHCb, Mar 15 B* — K**/(l BaBar, Aug 15
B — p "t CMS+LHCb, Jun 15 BY — ¢f¢  LHCb, Jun 15
= CP asymmetry: A, — Ap~p™ LHCb, Mar 15

B* — ntp~pt  LHCb, Sep 15
= Isospin asymmetry: > 2 o deviations from SM

B — Ku~pt  LHCb, Mar 14
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