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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
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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%.
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Analysis of Rare decays

Analysis of FCNC in a model-independent approach, effective Hamiltonian:
10

b— sy(*)  HAY_, Z ViV GO + ...

=1

o D, = Tor 2mb( ot PRb)
® Oy = 167-r (S’YMPLb) (67#6)
® O = we—wz(E’yuPLb) (0y,750), ...

© SM Wilson coefficients up to NNLO + e.m. corrections at pir.y = 4.8 GeV [Misiak et
al.l:
CM = _0.29, cSM =4.1, 5 = —4.3

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

(9’779710 = O7,9,10 (Pr < PRr) ... also scalars, pseudoescalar, tensor operators...
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LHCb measurement of
Bj — K*uu
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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 driven.
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Multivariate simulation, efficiency

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

Efficiency

Efficiency

Efficiency

Efficiency
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= 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: BY — J/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. D\ :
= We found 624 + 30 candidates in the most Smn(K*n’u*yﬁsfﬁl?eV/cz]
interesting [1.1,6.0] GeV?/c* region

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

CLHCb T
B . KOy

Candidates/ 11 MeV/c?
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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 reweighted to be flat.

Efficiency

Efficiency
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Control channel

® We tested our unfolding procedure on B — J/iK™.

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

analysis of this decay.
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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
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= In the maximum likelihood fit one could weight the events accordingly to the
1

(cos 0y, cos Ok, &, q?)
= Better alternative is to put the efficiency into the maximum likelihood fit itself:

£ = [[ e atiP@ad) [ P

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.
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Maximum likelihood fit - Results

LHCDb

SM from DHMV

® Run1anaysis
0 2011 analysis

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

o

e Tension with 3 fb~! gets confirmed!
e two bins both deviate by 2.8 o from SM prediction.

e Result compatible with previous result.
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Maximum likelihood fit - Results
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Maximum likelihood fit - Results
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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 ¢* bin:

/fi(ﬁ)fj(ﬁ) = dij

o 1 T +T) e
M"/<d<r+r>/dq2> g B

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

Mi = Z;w Zwefi(ﬁe)

= 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:
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Amplitudes method

= Fit for amplitudes as (continuous) functions of ¢ in the region: ¢
[1.1.6.0] GeV?/c*.

= Needs some Ansatz:

S

Alg") = a+ 8" +
= The assumption is tested extensively with toys.
= Set of 3 complex parameters «, 3,y per vector amplitude:
e I, RO, |, LR ¥— 3x2x3x2=236DoF.
® Scalar amplitudes: +4 DoF.
® Symmetries of the amplitudes reduces the total budget to: 28.

= The technique is described in JHEP06(2015)084, U. Egede, M. Patel, K.A. Petridis.
= Allows to build the observables as continuous functions of ¢

® 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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http://arxiv.org/pdf/1504.00574v2.pdf

Amplitudes - results
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Zero crossing points:

qo(Sa) < 2.65 at 95% CL

(Ss) € [2.49,3.95]  at 68% CL
qo(Arp) € [3.40,4.87] at 68% CL




Compatibility with SM

= Use EOS software package AR(Cy) = R(Co)1* — R(Cy)™ = —1.03
to test compatibility with SM.
= Perform the x? fit to the

measured: N A B e L B &
21< [ ]
[ s ]
15+ n 7
Fr,ArB, S3,..9. 10; """""" - %
= Float a vector coupling:
5% —
WO A LHCb ]
= Best fit is found to be 3.4 o ]
L~ e I [H—

away from the SM. 0 —— 35 4 A5
Re(Cy)
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Other related LHCb
measurements.
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Branching fraction measurements of B — K
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Branching fraction measurements of BY — ¢puu

o.—t\)w-l;uxoxxloc\o

E_ —+—— -SM rel;li
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
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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*/¢*
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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.

—————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 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,

|Ao|?
= 2 2 2
|Aol? + [A)12 + |AL]
40 _ |AL? — |42
T AL+ 1412
ARe _ ZRe(A1 Al + AjrAlp)
T |42 +]ALI?
Alm _ 2Im(A) LAY + A rALR)
5 |A) 12 +]ALI? ’
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Angular analysis of B" — K*ee

30 odel T
25
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e Results in full agreement with the SM.
e Similar strength on C; Wilson coefficient as from b — s+ decays.

Candidates / (0.2)
Candidates /(0.2)

Candidates / (0.1x rad)
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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
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S

Steps in the near future
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Conclusions

e LHCb is and still will provide the most precise measurements of
EWP!

e Many analysis in the pipe line!
e Even more ideas to what to do with existing and further data.
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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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