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Why Flavour is important?
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A lesson from history - GIM mechanism

Ke

w- w
® Cabibbo angle was successful in explaining dozens of ) . i .
decay rates in the 1960s.
® There was, however, one that was not observed by TRV 0Pt -y conte

experiments: K — pf;ﬁ.

® Glashow, lliopoulos, Maiani (GIM) mechanism was
proposed in the 1970 to fix this problem. The
mechanism required the existence of a 4t quark.

® At that point most of the people were skeptical about
that. Fortunately in 1974 the discovery of the J/1) meson
silenced the skeptics.
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A lesson from history - CKM matrix

) @ @ .

ESCIRNPUI @

A= 0.22: Cabibbo angle

5
0

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

e 2 x 2 Cabbibo matrix could not allow for =
5 5 Results published in
any CP violation. ol Y Physical Review Letters
g0 . August 1, 1977

e For CP violation to be possible one needs £h ",

at least a 3 x 3 unitary matrix é.o»i? \’

% Cabibbo-Kobayashi-Maskawa matrix a i

(1973). 10 ih lj‘i
e |t predicts existence of b (1977) and t 1L lT‘

(1995) quarks. T 7N
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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
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LHCb detector - tracking

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

SPD/PS
Magnet RICH2 M1

ECar, HCAL Mg M5
M3 -

Cherenkov Angle (rads)

10°
Momentum (GeVi/c)

e Excellent Muon identification €,,_,,, ~ 97%, €,_,, ~ 1 — 3%
e Good K — 7 separation via RICH detectors, ex_,x ~ 95%,
Er K ™ 5%
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds. Muons:
pr > 1.76GeV at LO, pr > 1.0GeV at HLT],
B — Jip X: Trigger ~ 90%.
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b — slf theory in a nutshell.
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Why rare decays?

e The SM allows only the charged interactions to change
flavour.

o Other interactions are flavour conserving.

e One can escape this constraint and produce b — s and
b — d at loop level.

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

o New Physics can enter in the loops.
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Analysis of Rare decays

Analysis of FCNC in a model-independent approach, effective Hamiltonian:
10
b— sv(") : Hap—1 o< »_ ViV lO ...
i=1

e 0, = ﬁmb (EUWPRb)Fm,

2 —
® Oy = 1687(5’Y;LPL1’) (f’yué)

2 —
® O = éT(EV;LPLb) (E'Y;/Yse)r

® SM Wilson coefficients up to NNLO + e.m. corrections at j,..; = 4.8 GeV [Misiak et
al.]:
M =029, csM =41, = -43

SM NP

o NP changes short distance C; — C; and induce new operators, like

/
079,10 = O7,9.10 (Pr, ++ Pg) ... also scalars, pseudoescalar, tensor operators...
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B — K1 " kinematics

= The kinematics of B’ — K*1~ et decay is described by three angles
6,, ;.. ¢ and invariant mass of the dimuon system (q2).

= cos 0} the angle between the
direction of the kaon in the K* (K)
rest frame and the direction of the
K* (F) in the BY (BO) rest frame.
= cos 0;: the angle between the
direction of the p~ (1) in the
dimuon rest frame and the
direction of the dimuon in the B’ o e
(BO) rest frame.

= ¢: the angle between the plane
containing the x~ and 1 and the
plane containing the kaon and pion

ot
(¢) ¢ definition for the BY decay
from the K*.

-
K+
Pre ©

g

v
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B — K1 " kinematics

= The kinematics of B® — K*1~ et decay is described by three angles
6,, ;.. ¢ and invariant mass of the dimuon system (q2).

d'‘r 9

———— —_— |:Jls sin? O + J1e cos® O + (Jag sin’ O + Jae cos® 05 ) cos 260,
dq” dcos 0 pc dcos 0 dé 327

+J3 sin2 0 sin2 0; cos 2¢ + J, sin 20 i sin 20, cos ¢ + J5 sin 20 sin 6; cos ¢
+(Jga sin 0 + Jg, cos” 05 ) cos 0 + Jo sin 20, sin 0, sin ¢ + Jg sin 20 ;¢ sin 20, sin ¢

+Jg sin” 0 sin” 0, sin 24 ,
= This is the most general expression of this kind of decay.

= In practice as experimentalist we do not measure .J; but:

= Branching fraction: = Normalized angular observables:
B(B— K'u pu') = J;
3J1c+ 615 — o — 2, 75

3J1c T 6J15 - JZc A 2J2s
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

2+8)) am}
L 2 L2 R 2 R 2 L ,R* L  R*
N o= P [AL P 1A P AT 1A ]+ SEre (af AT+ af Al
q
4'm,2
L2 R 2 ’ 2 L  R* 2 2
Je = A8 +1a? + 2 [\At| + 2Re(AL Al >]+ﬁz lAg|?,
q
ﬁ2
L 2 L2 R 2 R 2 2 L2 R 2
Jas = Ie[lAJ_‘ HIATT H 1AL + 1A ], Jae = =B [\Ao| + 149 | ]7
1 2 L 2 L 2 R 2 R 2 1 2 L ,L* R ,R*
Js = She [\AJ_\ — AT+ 1AL =14y ]v Jy = —0 [RG(AOAH + A0 4 )];
2 V2
L, L R,R m L R
Js = V2B, [Re(agal” — agal") - ZL Re(afAf + A As)]
2
Ve
L ,L* R R* m L R*
Jos = 2B [RQ(AH AL —AyAL )]1 Joe = 4B [2 Re(Ag A5 + 4 Ag),
Ve
L,L* ,R,R* m L R*
Jr = V28, [Im(AGA[ T - AGART) + T Al A - AT Ag))]
2
q
1 2 L,L* R, R* 2 L* L R* R
Jg = —234 [Im(AOAJ_ +AgAL )] , Jg =By [Im(AH Al + A A¢)] )
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Link to effective operators

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

L,R N £f £f 21 ££ £f

AL = V2Nmg(1-3) [(CS +C5 ) F (Crp +Cro) + Tb(C? +c3 ,):| EL(Epx)
L,R N £f £f 2m £f £f

A = —V2Nmg( -9 [(cg — €Y F (Cro — Cho) + Tb(ci —cs ’)} €1 (B, )
L.,R Nmp(l—3)° £f £f £f £f

s - ’ ’ N ’
Ag = B g —cg ) F (Cig —Cho) + 2my(Cs —C7 ) & (B ),
QmK*\/g

where § = q2/m23, m; =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:

L,R N £f £F 21 £f £f

Al = V2Nmg(l - 3) [(cg +c5 ’)x(c10+c’10)+—§b(c$ +cs ,):|5L(EK*)
L,R . £f £f 21 £f £f

APt = —VaNmp( -9 [«:; — ") F (€10 — Clo) + 2 (e7" — 3 ’)} €L (B %)
L.,R Nmp(l—3)° £f £f £f £f
B — ’ ’ N ’

AP = B (5" — €5 ) F (Cro — Crp) + 2wy (€7 =€) | (B ),

2mK*\/§

where § = q2/m23, m; =m;/mp. The §| | are the form factors.
= Now we can construct observables that cancel the £ form factors at

leading order: ~
Js + Js

21/~ (J5 + J5)(J5 + J5)

P =

14
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LHCb measurement of
BY — Ky
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LHCbs B — K*1s~ v, Selection

=

[ ]
=
=
[ ]
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Trigger
Muon trigger.
Topological trigger.

Good modelling with MC.
Selection:

As loose as possible.

Based on the B’ vertex quality,
impact parameters, loose Particle
identification for the hadrons.

The variables were chosen in a
way we are sure the are correctly
modelled in MC.

efficiency

efficiency

05h

® 2011 Data
® 2012 Data i
© 2012 MC (biased)
© 2012 MC Tis-Tos ]

0
1000

1 1
2000 3000

4000 5000 6000
max muon p_ (MeV/c)

1.4

hd 2(‘]11 Data
® 2012 Data
S 2012 MC (biased)
© 2012 MC Tis-Tos

[o—o—o—~0o—0—06—o0o— o1
Fo—0——g —¢—0——¢—__o ]

0 0.2

0.4
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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 — AT(1520)°up | (1.0 £0.5) x 10° 19+ 8 51425 1.0+ 0.4

Ay — pKpp (1.0 £0.5) x 10° 1.9+0.8 5.7+2.8 0.11 £ 0.05
B — K+,u;4 28 £ 7 0.55 £ 0.06 1.6 +0.5 0.031 £ 0.006

B — ¢up | (3.2+1.3) x 10° 6.2+2.1 17+£7 0.33 4+ 0.12

signal swaps | (3.6 +£0.9) x 10> 6.9+ 0.6 33409 0.64 + 0.06

B — K*Jjb swaps | (1.3 %+ 0.4) x 10> 2.6 £0.4 2.7+ 2.8 0.05 + 0.05

6000

—r

8
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Multivariate simulation

PID, kinematics and isolation variables
used in a Boosted Decision Tree (BDT)
to discriminate signal and background.

® BDT with k-Folding technique.

R [Gevici]

® Completely data driven.

MVA_baseline_S
o 2011 + 2012 data
3fb " dataset (mixed and randomised)

2t
data split into

o
a %
- £ r 300pb~" subsets
1.5 +*ﬁ%§ E4 N
¥ 3 I
. % B
4 S : ® @
1 %
¥ % £ :
'é * ’ N rain st using
+ - = ‘ subs‘;t: e
N @ @

1 for training 3 for testing

L] b
\‘\% W.W
/‘W“.
;,.un t

1 Il Il 1 Il 1 L
0.8 -06-04-02 0 02 04 06 08
BDTs responses
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Multivariate simulation, efficiency

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

Efficiency Efficiency

Efficiency Efficiency
1 1
ossf- 098
096 098~
ossf 0osf

I .
08 06 04 02 0 02 04 05 08 05 1
cos(9) €05(0,)

= The BDT has small impact on our angular observables. We will correct for these
effects later on.
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Mass modelling

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

= The background is a single exponential.

= The base parameters are obtained from the proxy channel:

Bf — i ()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.

Events/(6.1)

!
5700
My MeVICT]

Hy T b i B
AT Ty R i R L T
i

§ i LHCb - ]
[ B K* - ] £ i i i i )
2 e00 HH
ba [ ] s [
108
g w00 . : +
30 ] o
§ 200; 4 Loaf— +
o g r
] n —
4 1.02—
ok ettty avgreued shipsteaifionengst C
5200 5400 5600 E
m(K* ) [MeVicd] T ++++ +++ —
DQB%E‘
= We found 624 + 30 candidates in the most interesting — 1 5 3 T
24
[1.1,6.0] GeV2/c4 region lGeVIc’)
and 2398 =+ 57 in the full range [1.1, 19.] GeV2/c4. = The S-wave fraction is extracted using a LASS model.
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Monte Carlo corrections

= No Monte Carlo simulation is perfect! One needs to correct for remaining differences.
= We reweighted our Bj — K"yt Monte Carlo accordingly to differences between the

B,? — K"}/ in data (Splot) and Monte Carlo.

£0.18F T T J Lo.12F T T T E
T0.16f 18 4F ]
B0.14f 180
£0.12F 4 < £ E
3 o1k 13%%
Bo.og 4 8008 ]
E0.06 1 Soo4 ]
S0.04 4 S
Boo2 18 ]
5 % 20000 . 40000 ?ooo(%a % 2 4 6 8
g candidate pT(MeV c) g vertex quality

2 0aF i i B

©0.08F E

c

So.06F E

1]

£0.04F B

5

0.02f E

3

£ 0 L

S 0 200 400 600

B 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 reweighted our Bj — K"yt Monte Carlo accordingly to differences between the
B,? — K"}/ in data (Splot) and Monte Carlo.

ed or mctruth events
T
il
o
2
T
1

5
o
!
ed ol
=
Q
N
T
1

. . 1
o 00 300400500
candidate [B|(MeV/c)

veight
N
w
S

ies

30000 -

entri

25000 -

20000F E

15000F E

10000 -

5000 -
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Detector acceptance

Marcin Chrzaszcz (CERN, IFJ PAN)

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

4D function is used:

C(COS 017 COs ek, ¢7 q2) =
> Pulcos 0,) Py (cos 0) P (@) Pi(°),

ijkl
where P, is the Legendre polynomial of order 3.

th nth th
67,5

We use up to 4", 5 order for the

2
cos 0;,cos0y,p,q°.

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 q2 distribution needs to
be reweighted to be flat.

250000
ﬁ"*—}‘ttt['
20000[}- t\x’k_‘\\
e
15000~ e
L L
10000 vy
5000~ \1“1}1
C | I L 1 1 | | L | 10°
2 4 6 8 10 12 14 16 18 2
@ Mevi]
18000,
16000 g:{i"“i"f‘f}'lqﬁwq
I .
e L

14000/

12000

10000f-

8000f

6000)

2000

Reweighted to be

v flatin ¢

x10°
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Detector acceptance
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Detector distorts our angular distribution.
We need to model this effect.

4D function is used:

C(COS 017 COs ek, ¢7 q2) =
> Pulcos 0,) Py (cos 0) P (@) Pi(°),

ijkl

where P, is the Legendre polynomial of order 3.

th nth th
67,5

We use up to 4", 5 order for the

2
cos 0;,cos0y,p,q°.

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 q2 distribution needs to
be reweighted to be flat.

Efficiency

Efficiency

05 f

/ 0.1, 1.0] GeV/ct

simulation

[18.0, 19.0] GeV2/ct \

i
0.5~

[0.1, 1.0] GeV2/ct ™

[ LHCb
r  simulation

[18.0, 19.0] GeV2/ct |

New Physics signatures in Rare B decays?



Control channel

® We tested our unfolding procedure on B — J/)K".

® The result is in perfect agreement with other experiments and our different

analysis of this decay.

kS Ngeoooo 1
2 3 ]
= = ]
™ =y i
4 =
w0 §40000 =
7 )
g g ]
k<] B20000 B!
3 3 ]
(&) 1
5200 5400 5600 %8 0.85 09 0.95
U . ) X 0
m(K* 7 i) [Mevicd] m(K*r) [GeV/c]
g ' b g "TLHCb | K ' T LHCb |
E B S Iy K S sooof- B Sk ] ® B = JyK"®
2 P o
;; 4000+ . B ;'i)' 6000| § M"‘W
3 E g
3 & 4000] g
20001 B g 200 ]
2000 S
e E————
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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 - Results
= In the maximum likelihood fit one could weight the events accordingly to the
1

G(COS ela cos 9k7 ¢7 q2)
=> Better alternative is to put the efficiency into the maximum likelihood fit itself:

£=1Jenad)P@ia)/ / e(2,4")P(2, ¢*)ddg’

i=1

= Only the relative weights matters!

= The Procedure was commissioned with TOY MC study.

= Use Feldmann-Cousins to determine the uncertainties.

= Angular background component is modelled with 2" order Chebyshev polynomials,
which was tested on the side-bands.

= S-wave component treated as nuisance parameter.

T T T T T 1 T T
o

-
o [
ogf- B ogf- B ogf-

CL
)
!

04f 9

LHCh LHCh ]
40< G <60GeVct TL0< ¢ <125 Gevet
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Maximum likelihood fit - Results

. 1 T T T ] o sl T T T ]
08 LHCb E - LHCb 1
L B SM from ABSZ ] [ B SM fromABSZ |
0§ + 3 I ]
1 O —p—

o4 E T+ _
] - 4+
02 3 [ ]
b -05 -

% 5 10 15 0 5 10 15
q? [GeVcA] Q? [GeVcA]
n os- T T T i W os- T T T i
3 LHCb 1 F LHCb 1
[ B SM from ABSZ | ?i B SM fromABSZ |
i | = -

0 0

T ] T l ]
SR e I + =
-05- - -05 -

0 5 10 15 0 5 10 15
R [GeVIc| R [GeVic|
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Maximum likelihood fit - Results

<E 05 ' ' ' N ' ' -
I I LHCb ]
°?Ff | 4 |
I LHCb ] I + ]
I Il SM fromABSZ i )
-0.50 - -0.50 -
0 5 10 15 0 5 10 15
q? [GeVcA] Q? [GeVcA]
Uf‘ os- T T T i U? os- T T T i
F LHCb g 3 LHCb g
el I S -
I e B
o8- ] 05 ]
0 5 10 15 0 5 10 15
R [GeVIc| R [GeVic|
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Maximum likelihood fit - Results

LHCDb

SM from DHMV

® Run1anaysis
0 2011 analysis

o

L L 1|5 L L L
o? [GeVH Y]

o Tension with 3 fb™! gets confirmed!

e two bins both deviate by 2.8 ¢ from SM prediction.

e Result compatible with previous result.

Marcin Chrzaszcz (CERN, IFJ PAN)
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Method of moments
= See Phys.Rev.D91(2015)114012, F.Beaujean , M.Chrzaszcz, N.Serra, D. van Dyk for de-

tails.
= The idea behind Method of Moments is simple: Use orthogonality of spherical har-

=
monics, f;(€2) to solve for coefficients within a q° bin:

/fi(ﬁ)fj(ﬁ) =0y

B 1 Ir+1), =
Mi_/<d<r+r>/dq2) T e

= Don’t have true angular distribution but we "sample” it with our data.
= Therefore: [ — %" and M; — M,

M, = Z;"J Zwefi(ﬁ)e)

= The weight w accounts for the efficiency. Again the normalization of weights does
not matter.
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http://arxiv.org/abs/1503.04100

Method of moments - results
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Method of moments - results
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Method of moments - results

= Method of Moments allowed us to measure for the first time a new observable:

mg 1

0.5

LHCb

—+ ]
_{_

RRRRRARE==2anRR AR
I —t— ]
I —f— ]
—+-
s

1
I
0"_
=L
o

N 1|5 N
o? [GeVF A
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Amplitudes method

= Fit for amplitudes as (continuous) functions of q> in the region: ¢ €
[1.1.6.0] GeV?*/c".
= Needs some Ansatz:

A(q") = a+ Bq* + Z—z

= The assumption is tested extensively with toys.
= Set of 3 complex parameters «, 3,7 per vector amplitude:

® L, RO, |, LR, I— 3x2x3x2=236DoF.
® Scalar amplitudes: +4 DoF.
® Symmetries of the amplitudes reduces the total budget to: 28.

= The technique is described in JHEP06(2015)084.
= Allows to build the observables as continuous functions of q2:

® At current point the method is limited by statistics.
® |n the future the power of this method will increase.

= Allows to measure the zero-crossing points for free and with smaller errors than
previous methods.
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Amplitudes - results

E T T T T
< o5 -
LHCb g
B Amplitude fit

o Likelihood fit
o Method of moments

-0. -

L L L L
2 3 4 5 6
?[Gev¥c
<
a7, T T T T 2
LHCb
= Amplitude fit
« Likelihood fit

o Method of moments

2 3 4 5 6
Q2 [GeVc
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T T T T
a ]
LHCb
£ Amplitude fit
o Likelihood fit 1
o Method of moments
0)
-0.5] -
! ! ! L

2 3 4 5 6
R [Gevcq

Zero crossing points:

a0(S4) < 2.65 at 95% CL
a0(Ss) € [2.49,3.95]  at 68% CL
@o(App) € [3.40,4.87]  at 68% CL

New Physics signatures in Rare B decays?
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Compatibility with SM

= Use EOS software package AR(Cy) = R(Cy)™ — R(Cy)*™ = —1.03
to test compatibility with SM.
= Perform the X2 fit to the

measured: o~ A — T L e B LR E
< [ ]
< [ ]

L > i
15+ n 7
Fu, App, 5,0 N e R
= Float a vector coupling:
5% —
WGP A LHCb ]
= Best fit is found to be 3.4 o 1
L~ B et R P R
away from the SM. 0 —— 35 4 A5
Re(Cy)
33/
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Other related LHCb
measurements.
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Branching fraction measurements of B — K*iuu

EELCSR Lattice -e-Data -LC|SR LillttiCe +Dlata :
& T T T T 73 & E
5 Y S B> K'uw'u
Q. LHCb § £ 4 LHCb
© ] © ]
X 3 4 X 3 3
R R E
— | — + ]
Tg‘ 1 + 3 3 E

3 Q

% 0 1 1 1 1 ‘U 0 1 1 1 1

0 5 10 15 20 0 5 10 15 20
¢ [GeVZc4] ¢ [GeV¥HcA]

20 EELCSR Lattice —#-Data

(\f]_‘ T T T T ]

% B*— K™yt ]

. . 1503 LHCb -

e Despite large theoretical T | ]

x ]
errors the results are £ 10 _+_ ~ >
consistently smaller than = | ]

. . (o] 5 -
SM prediction. 3 f ]
m L
= % 5 R T
¢ [GeV¥HcH
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Branching fraction measurements of B — QL

LHCb

i

Vs, |+

S = D WA LN 0O

E __+__ I = SMpred. 3

= 7 SM (wide) 3

E- < SMLQCD 3

E -=Data 3

— - Data (wide)J

E 1 1 1 3
5 10 15

dB(BY—guu)/dg? [10°3GeV2c4]

¢ [GeVcH

Recent LHCb measurement [JHEPPQ9 (2015) 179].
Suppressed by ;—2.

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, — Apup

dB(A, — A p )/ dg? [107(GeV ety

o o 29
S SER-N

1.8
1.6
1.4
12
1
0.8

*~ Data

ooy

SM prediction

+_I_+ LHCh.

cobon o b b b b b b

=] IIII

5 10 15 20

g [GeV?¥ 4]

e This years LHCb measurement [JHEP 06 (2015) 115]].

¢ |n total ~ 300 candidates in data set.

e Decay not present in the low q2.
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Branching fraction measurements of Ay, — Apup

"LHCb
[4.0,6.0] GeV*/¢*

Candidtates per 30 MeV/c?
>

58‘00 6000
M(App) [MeV/c?]

Candidtates per 30 MeV/c?

LHCb
[18.0,20.0] GeV¥/c*

SSJOO 6000
M(Apy) [MeV/c?]

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

o Decay not present in the low ¢°.
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Angular analysis of A, — Aupu

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

—————y ———— 3 g 1 —— 7 -
3 0.8
LHCb SM prediction 3 LHCb SM prediction
= Dua 41 o4

Hadronic asymmetry : 02

4
=
TR T

d
i

wlul
L 5 ¢
S

v
O
wl
S
v
)
O
N

o AgB is in good agreement with SM.

o A%B always in above SM prediction.
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S

Lepton universality test

o |f we attribute the deviations to NP, is it
Lepton Universal?

5 ——LHCb —*BaBar —Belle
T T

76 GV /< BB — K+t =] /dg?)dg? S '
Ric = q::()chz//c;( [ wru~]/dg?)dq :1:&0(10_3). LHCb
221 GoV?jct (dB[B+ — Ktete~]/dq?)dq? L5 5
|
. . 1
¢ Challenging analysis due to bremsstrahlung. } ! M
. . 0.5F J
e Migration of events modeled by MC.
0 1 1 L

e Correct for bremsstrahlung. 0 5 10 15 20
. . -+ ¢* [GeV/c]
e Take double ratio with B" — Ji)K" to cancel
systematics. e Phys. Rev. Lett. 113, 151601
e In 3fb™!, LHCb measures (2014)

0.090 0.036
RK = 0.7451_0.074 (stat.)fo.(]% (Syst)

e Consistent with SM at 2.60.
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http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1406.6482

There is more!

= We followed this path...
= We measured the ratio:

R =

Marcin Chrzaszcz (CERN, IFJ PAN)

B(B — K'up)
B(B — K'ee)
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There is more!

= We followed this path...
= We measured the ratio:

R, - BB—Kup)
K~ BB — Kee)
= Measurement performed
. 2, .
in two ¢~ bins. 1.2 e
= Normalized in double L ol 1
ratio to B — K*Jj1). & e ]
ol 08F ]
%" I /0018) C | T i
= g 0.6 1 ]
e $(25) r ® LHCh ]
ar, 0.4 B SM from CDHMV ]
T e O o i A SM from EOS ‘ ]
C7'Cy 9 and Cig 0.2 L ¥ SM from flav.io 7
interference o S FR [ LHCb Preliminary @ SM from JC ]
f:m::m"m OO’H‘.l....l‘H.l....l....l....l’
| 1 2 3 4 5 6
¢* [GeV?/cY

4[m(p))? s
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Global analysis of b — st{
measurements
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Link the observables

= Fits prepare by S. Descotes-Genon, L. Hofer, J. Matias, J. Virto,
arXiv::1704.05340

® |nclusive

0 B = Xy (BR) oo c)
0 B = X 07 (dBR/AG?) oo e, ¢l el

® Exclusive leptonic

0 By = £ 07 (BR) oo cl

® Exclusive radiative/semileptonic

0 B — K*Y (BR, S, AJ) eooeeeeeeeecceeeeeesesseseeeeessesssees cl”

0 B = K007 (ABR/AG®) ooooeeeseeeseeeseeeseersreee e, ¢, c)

B — K*(*¢™ (dBR/dq?, Optimized Angular Obs.) .. ¢\, ¢c{”, c{¥
B, — ¢€+£_ (dBR/dqz, Angular Observables) .............. Cél), Cé/), C&))
Ay — AT 2™ (None so far)

etc.

o

[¢]

@]

O
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Statistic details

= Frequentist approach:

X*(Ci) = [Oexp — Oun(C1)]; [Cov ™1 [Oep — Oun(C)]i

exp

th _
® Cov = Cov™ + Cov". We have Cov®" for the first time
° th . . .

Calculate Cov™: correlated multigaussian scan over all nuisance parameters

° Co™ depends on C;: Must check this dependence

For the Fit:

I 2 2 2/ ~0 o (o 0
® Minimise x“ — Xmin = X (C;)  (Best Fit Point = Cy)
® Confidence level regions: X2(Ci) — Xiin < AXoon

= The results from 1D scans:

All LFUV
1D Hyp. Best fit lo 20 Pullgy | p-value || Best fit lo 20 Pullgy | p-value
ey -1.10 |[-1.27,-0.92]|[-1.43,-0.74]| 5.7 72 -1.76 |[—2.36,—1.23]|[—3.04,—0.76]| 3.9 69

Y = —Ci¥y || -0.61 |[—0.73,—0.48]|[-0.87,—0.36]| 5.2 61 || -0.66 |[—0.84,—0.48]|[-1.04,—0.32]| 4.1 78
CNF = —Ch,, || -1.01 |[~1.18,-0.84]|[-1.33,—0.65]| 5.4 66 || -1.64 |[-2.12,—1.05]|[=2.52, —0.49]| 3.2 31
Cof = =3¢ || -1.06 | [-1.23,-0.89] | [-1.39,-0.71] | 5.8 74 -1.35 |[-1.82,-0.95]|[—2.38, =0.59]| 4.0 71
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Theory implications

e The data can be explained by modifying the Cy Wilson coefficient.

e Overall there is around 4 — 5 o discrepancy wrt. SM.

3 3[
Branching Ratios Branching Ratios
ol "} Angular Observables (P) | ol {7} Angular Observables (P) |
All Al
1p 1 e
3= . i
¥ o
/ _qh 1
-2 -2
-3 -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
cy® e
44 /
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2D scans

Coefficient Best Fit Point Pullgys
", eh) (—0.00, —1.07) 41
€’,en) (—1.08,0.33) 43
(et (—1.09,0.02) 42
(N (—1.12,0.77) 45
(EN ) (—1.17, —0.35) 45
(€5 =y, Co =Chy) (—1.15,0.34) 47
'’ = cN,P ey = —cﬂfi) (—1.06,0.06) 4.4
C" = CNfP =) (—0.64,-0.21) 3.9
(€5 =—Cro ,Cyr =Chy) (—0.72,0.29) 3.8

o o' always play a dominant role

® All 2D scenarios above 4o are quite indistinguishable. We have done a systematic
study to check what are the most relevant Wilson Coefficients to explain all
deviations, by allowing progressively different WC to get NP contributions and
comparing the pulls.
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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/1), 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 .
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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/1), 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 .

,,,,,,,,,,,,,

““““““““““““

¢ (GeV?)
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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/1), 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 .

1.0F

0.5
22 0.0
S =

I I | ——

' -05 ! m
3 il E= bt [

100 :

-15}

i
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¢ (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 71 Angular Observables (P,
] AlP) ) aney
1 10 P
o az
%0 ; T o
P |
| )
3 /
-1 ) / -1
-2 -2]
| TR T R S R S30
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
e o
9 9
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Disclaimers about some
theory predictions
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Disclaimer

= arXiv:1512.07157, Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli
® Introduce a fully arbitrary parametrization for non-factorizable power correction:

H, — Hy+h, where h, = hg\o)+h;1)q2+hg2)q4 and hg\m — Cévp, hg\l) — C’é\lp
with (A = 0, £) (copied from JC'14).
Complications: complete lack of theory input/output = no predictivity with 18
free parameters (any shape). Specific problems...

® The correlator H, has poles that correspond to the photon the J/1). Clearly a 3rd
order polynomial cannot approximate this well enough!
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More robust calculation of correlator

4+ namow c@ —b
07- 09 Tesonances
interference

| 1 L |
] 5 10

20
q? [GevécY)

= Calculate non-local ME at negative ¢°
= Extrapolate to ¢’ > 0 via some type of analytic continuation

= Use data, when possible, to constrain the extrapolation
0O We will use B — K",
O Cannotuse B — K™ pu™tp™ if C};P unknown
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B — K*0¢ Amplitudes

» Local (Form Factors):  F\7(¢?) = (M, (k)| sT") b|B(k + q))

» Non-Local : H,(¢%) = z’Pj/d“w "I (M (k)| T{ Tt (2),C; O(0)}| B(g + k))

Aua o (u Ac o
» CKM structure: H, = f)\—”HE\ ) )\—’Hg\c) = O ~ (cb)(5c)
t t
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Analytic structure of H,(¢")
[Bobeth, Chrzaszcz, van Dyk, Virto 1707.07305]

Neglecting OZI- and CKM-suppressed contributions :

Im(g°)

/b $(28) DD cut

Physical Region

by Re(q2)

0y 2 2 2 2 2 2
H(q") = (¢" — M7/y)(q" — My2s)) Ha(q”)  has no poles.
52/
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Accessing ¢° > 0: z expansion
[Bobeth, Chrzaszcz, van Dyk, Virto 1707.07305]

_ VeV 2/t —to

. 2
» Conformal mapping : g — z(
VI =
Im(q?)
\ DD cut
Physical Region tl+ Re (qz )
» H,(¢*(2)) is analytic in |z| < 1

» Taylor expand H, (=) around z = 0.
» Expansion needed for |z| < 0.52 (—7GeV” < q* < 14GeV?)
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Accessing ¢° > 0: z expansion

[Bobeth, Chrzaszcz, van Dyk, Virto 1707.07305]

Some details for actual parametrisation :

» Try to capture most features of the expansion (better convergence)
» Parametrize the ratios M, (¢°)/F»(¢°) instead

» The poles should not modify the asymptotic behaviour at |¢*| — oo

Ho(z) = 1—z2)y 1 — 2208 F,(2)
’ e=zyy 2= apas)

7:1,\(2) = [Zax) k}

where al(;‘) are complex coefficients, and the expansion is truncated after

the term 2. We will take K = 2 (16 real parameters).
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Experimental constraints on z parametrisation

[Bobeth, Chrzaszcz, van Dyk, Virto 1707.07305]

Experimental constraints :
» The residues of the poles are given by B — K ™1, :

* ¥y,
My, fy, Az

Mp(¢* — M)

Halg® — M) ~
» Angular analyses [Belle, Babar, LHCb] determine :
el il g, axg{rierg"}, argdrirrg=),

2 M. ko AU}n
where " = ,Res, H’\(q2) ~ ;’"fw" 2
q =M, J:A(q ) Mpg fA(Mwn)

» We produce correlated pseudo-observables from a fit (5+5).
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Prior Fit to z parametrisation

(Prior) Fit to Experimental and theoretical pseudo-observables :

k 0 1 2

Re[el™]  —0.06+021 —6.77+027  18.96 +0.59
Re[e’]  —035+0.62 —3.13+041 1220+ 1.34
Refa!"”] 0.05+1.52  17.26+1.64 -
Im[el™]  —0.21+225 1174358  —0.08 +2.24
Imlel’]  —0.04+3.67 —2.14+2.46 6.03 & 2.50
Imfel”]  —0.054+499  429+3.14 -

Table: Mean values and standard deviations (in units of 10™*) of the prior

PDF for the parameters a,(j).
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New Physics Analysis

SM predictions and Fit including B — K*;ﬁ'u_ data and C?P :

BN SM prediction (prior)
771 NP fit (posterior LLH2)
= LHCb 2015
B K™y,
0.4 ]
s |[-- L
- 5 || — LLH2
00 1 % - MOM
Al — mom2
—0.4 J
-0.8
‘ ‘ . EOS ..~
10 12 14 15 . . X X 4.0 4.5
SM
q2 [GeVZ] Cy Cy

The NP hypothesis with Cé\IP ~ —1 is favored strongly in the global fit
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If NP, what kind?

@bNWBioNs

“bason e
Leptoqpuarks Higgs sector

oMl
= Stolen from A.Crivelin

= For more comprehensive review see G.Isidori talk:
LHCb implications Workshop 2017
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https://indico.cern.ch/event/646856/contributions/2716924/attachments/1556310/2447567/Implication17b.pdf

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.”
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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 ¥ value?
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Backup
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Angular analysis of B — K*ee

o With the full data set (3tb™") we performed angular analysis in
0.0004 < ¢* < 1 GeV?.

e Electrons channels are extremely challenging experimentally:

o Bremsstrahlung.
o Trigger efficiencies.

e Determine the angular observables: Fy, ASFQ), A%e, AITm:
_ |4p*
Aol + 14y * + 1AL
@ 1AL -4
TolAL 4y
_ 2R6(AHLA1L + AHRA*J_R)

Fy,

A,PI‘{Q 2 2
|4 1" + ALl
Im _ 2Im(A LAl + ArAlLR)
|Ayl® +14, | ’
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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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