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What 1s the goal of the talk?

Low g2 — P B physics

Neutral Current

Direct Searches

\—/ﬁ



Motivations to Study b-s// physics

b — sl transitions are Flavour Changing Neutral Currents (FCNC)
forbidden at tree-level in the Standard Model (SM):

@ Sensitive to NP at loop level

@ Can probe NP at much larger scales than direct searches
' .
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Parametrize NP contributions in a model independant way using effective
field theory:
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Low g“angular analysis at LHCb
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@ Sensitive ~ only to Cgl)

Tensor operators in combination with other operators have been shown to explain the data for the
anomalies Bardhan, Byakti, Ghosh



Putting constraints on Cg)

by measuring the angular distribution of B® — K*°e™e™ at very low g* at LHCb

d*T (B — K™e"e™) = [Probability density] x [dVolume]

dVolume = dg” x dQ = dg° x d(cos6;)d(cos ) )d¢

< [Probability density]

‘Volume] > = (e, AP (), AT (), AT(C]), cos 01, cos b4, )
CP.q

b=c¢+mif ¢ <0 else ¢




Strategy of the analysis

< [Probability density]

/ 2 / m / / N
[dVolume] > . f (FL(CE ))aA(T)(Ci ))aAIT (C )),AI;G(CI. )),cosﬁl,cos Qk,gb)
CP,q

Do a simultaneous 4D fit:

@ m(K m e"e ) to separate signal from background

@ cosfy, costy, ¢ to dtermine F, A(TZ), A’}” and A’;e

The free parameters of the fit, Our physical observables that we fit




Choice of the g? bin
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Main backgrounds
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Semi-leptonic Photon conversion
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Mass fit (full Runl + Run2)
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Angular acceptance

The reconstruction and the selection distorts the angular shapes.
© Generate (unphysical) signal MC with flat angles distributions
@ Apply reconstruction + full selection

© Fit to obtain the angular acceptance

A RooPlot of "cosThetaK" A RooPlot of "cosThetal" A RooPlot of "phi"
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Angular modelling of the brackgrounds

Preliminary plots, still validating and doing crosschecks

@ Combinatorial and semi leptonic backgrounds: fit Legendre polynomial to
B? — K*0et,~ data
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© Partially reconstructed, converted photon and Dalitz backgrounds: fit signal PDF or
Legendre polynomials to MC (here some example plots with partially reconstructed)
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Angular fit

Toy generated with SM values
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Summary of Part |

b — sl decays sensitive to Cé/) at very low g?
Electrons in the final state allow to go down to 0.0001 GeV?/c*

Put constraints on Cél): expected sensitivity O(5%)
(")
7

In the context of the anomalies: strong constraint on C;’ very useful

for the determination of Cg 10 in global fits



Low g“experiments relevant for anomalies

These experiments can be classified into:

Parity violation due to

Atomic parity violation Weak neutral .
; . electron scattering of
experiments in Cs current .
liquid hydrogen target
€S Wood et dl Jefferson Lab Collab

Both these experiments measure the weak charge of the Cs Nucleus and proton respectively

In SM model parametrization

O 1 4 4 . 5
eYuY5€ _ lu = — 7 T 5 Sy
Lowqr =95 ) Cid"q where % g
q:u,d Cld — 5 — § Slngw
SM _
€V — _9 [zclu +Cld] Cy.” = —0.1887 £ 0.0022

G = —2[55(2C1y + C1a) + T8(Clu +2C1g)] " = 08410 2000



sin? 0, (Q)ys

Lets combine the experiments (Parity Violating ones)

Jefferson Lab Qweak Collab
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How are these low energy experiments relevant for B anomalies

We also discussed the two parity violation experiments which measure the axiol vector electron
and vector quark coupling to the Z boson

How are these connected?

Anomalies PV experiments
Gra _ € eff nit
Hepp = — \/g Va Vi Y OxyCxy L=— >y it
m i A priori there is q=u.d
e - be no relation bet light
Obxty = (57:Px )y, Py £). and heavy quark
Cxy = C5M + C¥F. coupling to NP il = ogM + ol

Heavy quarks and chiral lepton current Light quarks and chiral lepton current
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 2c0s 0,

+ Z(gq(mPLq + 9,07, Praq)

il;‘/tbS"y,uPL,Rb + ... ]

From this lagrangian we can identify the additional contribution to the WC contributing fo B anomalies as
well as PV experiments

L 9e(90)EVuPrrye + 9u(9,) BV Prry 1t

Since the fits for anomalies involve only on WC at a time, we consider the following three cases

WC operator Best fit 20

Case A|Crr | (5.y"br)(eryuer)| 0.99 [0.37,1.61]
Case B|Crr (ELWMbL)(éR’yMGR) -3.46 [-4.76,-2.16]
Case C|Crr (§R'y“bR)(éRvueR) -3.63 [—5.5,—2.67]

TABLE I. 20 ranges used for the fits to Wilson coefficients in
the case where only electron couples to New Physics.
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Has implications for direct searches!!



. . D'Ambrosio, F. Conventi, Iyer, Rossi, Mangano
From indirect searches to colliders To appear

What are the prospects of an electron only solution in comparison to a muon only solution?

Current Lepton mass reconstruction efficiencies
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To appear
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) ) D'Ambrosio, F. Conventi, Iyer, Rossi, Mangano
Test of universality To appear

Consider a general test statistic

i1s +0b
s+ b

q’a — —210g [

Its defined separately for both the electrons and muons such that

fle + [y = 2
[ — Muon )
12F N
10 F —— Electron .




Summary of Part II

A note on di-tau modes

This test statistic can also be applied to explore non-universality in di-tau modes

This 1s relatively more involved owing to the tagging techniques used 1n identifying the tau

Substructure variables are known to work well especially for the hadronic tau

Chakraborty, Roy, Iyer

This analysis can be correlated with B-K* tau tau analysis at LHCb
Talk by Jacopo



Introduction

b — s I+ |-quark level transition at second order, expected BR(B? -> K* t+ 1) ~10-7*

e Standard Model prediction based on LFU assumption, but...

* ...due to new physics particles entering the loop, branching
ratios could be enhanced up to hundreds times the SM

predictions ’
e Tau lepton modes still largely unexplored 2 6 i
e Still lots of room for beyond the SM effects : 4 w el
* More complex experimentally / b
2 V 4

1.1 1.2 1.3 14 15
Ry/RSM

Capdevila, Crivellin, Descotes-Genon, Matias
arxXiv 1712.01919

* Goal: perform study on two final states (and charged conjugates) using Run1 + Run2 data:
B->K*(> K" )t" (> a"z"n )t (- ntn nv,) — 3n3n final state
B—-K*(—»Kz")t" (> na"zv)r (— uv,) — 3nyfinal state

*https://arxiv.org/abs/1712.01919v1




3r3n final state *



Neutrinos and mass reconstruction

* Two neutrinos in final state, LHCb has not 41t coverage: missing energy!
* Tau momentum can be reconstructed analytically
imposing its true mass:

TV1/ -\ 0 3
2 2 2 2 \2 2 2 .2
o m+ m3. )| P, cosf iE3ﬂ\/ (m> —mj3,)" —4m=>| p5,| sin 6
172 | = P K
' 2(E3, — | 3 |° cos?0) $--oees o
— - ~
- = — pz’V—rSV \\\ :
p’[_lpf[luf[,uf[_ — N \\
|pTV_ rSVl '\
TVQ\\\\ :))7‘('
tauP_det

MC16 truth matched
Entries 13718
Mean -1.269e+12
Std Dev  7.668e+12

* Due to vertex resolution the discriminant can be negative
e |n signal sample only 33% candidates have positive 1600

1400

LHCb unofficial

discriminant for both taus, discriminant set to O if 200
negative 1000
e Four-fold ambiguity on B mass. “Optimal” solution is ~
chosen as the one with minimum angle between 400
reconstructed momentum and B direction (from primary 200

and secondary vertices) Movr4




Mass discriminating power & analysis strategy

* Different masses can be defined:
* Analytically reconstructed
e Visible mass
e “Corrected” mass M, = \/ P2+ M, + P2
* None of them very discriminating compared to background from same sign data (selected
requiring both taus to have the same charge) but still work in progress:

B_M_opt B_ M B_Mcor
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* Not enough mass discriminating power to fit, need to modify analysis strategy:
* |Loose cut-based preselection
e MVA-based selection, 2 BDTs in sequence
* Fit on third BDT
e B> D" (- atx*K™) D (—» KTK z") used as (preliminary) normalization channel to avoid
introduction of uncertainty on luminosity and cross-section measurements



Event multiplicity issue

decay, currently investigating why

or between taus and K*, investigating why the correctly reconstructed candidate is not selected
Considerable amount of non-signal candidates in MC sample, ~10 candidates per event:
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On signal sample, truth matching requires tracks to be matched to true MC particles
Only half of the events contain a fully matched and correctly reconstructed B -> K* tau+ tau-

Observed events in which the decay is reconstructed swapping pions between different taus
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e Currently trying to understand why a significant fraction of signal is lost



Selection 3n3mn

e Loose cut-based preselection on isolation variables: quantify the probability of a track in
proximity of the signal candidate to be part of the candidate itself
* BDT-based selection, trained against:
* Fully matched and reconstructed signal MC events
e Same sign data as background sample
e First BDT trained using isolation variables
* Second BDT trained after the first BDT cut, using flight distances and vertex information

TMVA overtraining check for classifier: BDT

4.5 E- SlighalI (telst Isallnpie)I - . Silgngl (Itrainirlig L“anl1plle) |
4[] Background (test sample) | | « Background (training sample)

- Kolmogorov-Smirnov test: signal (background) probability = 0.015 (  0)

(1/N) dN/ dx

LHCb unofficial
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BDT response



Background categorization

e Same Sign data used for BDT training
* Simulated inclusive B sample
* Used to identify background from exclusive decays after selection
e Expected backgrounds from B decaying into D mesons:
B~ - D*Q2007)° zt 2t 2~ n” n”
BY — D*(2010)~ D"

BT - D Df nt n~

* Investigating vertex topology
* Veto on D mass?
e Plan to consider other possibilities for background characterization:
* Combinatorial background from K* mass sidebands _LHCb simulation

6oy !':Ae, T >
e Background regions in “dalitz” plane (as done in Bs -> t+ 1) % o
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* Exclusive MC samples
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https://arxiv.org/pdf/1703.02508.pdf
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Fit BDT 33

e Mass discriminant power not enough to perform a fit: trained a third BDT with masses and
momenta
e Same samples used, after the first and second BDT cuts

e Fit strategy similar to the Bs -> t©+ ©- case:

Sy
S
~

510
§ f LHCb
d=! 10° — ‘\—\_\_\_\_B: T T
cg:s [ 4 Data |
SR (G = — Total ‘
- = -1 x Signal
10 f — Background 1

0" 0.1 02 0304050607 0809 1
Neural network output

https://arxiv.org/pdf/1703.02508.pdf

 Comparison data-MC for the BDT variables ongoing using normalization channel



3riy final state



Neutrinos and mass reconstruction

* Tau decaying into three pions (taul) reconstructed
analytically with two-fold ambiguity
* Information on decay vertex position for tau decaying into
muon (tau2):
1. tau2 transverse momentum wrt B flight direction:
pp==p} = pf
2. Plane containing tau2 transverse momentum and B
flight direction

3. Intersection between plane and muon track: tau2

vertex! Courtesy of A. Tayduganov i,

* Using transverse momentum and angle between B flight direction and tau2 flight direction one
gets tau2 momentum

* 54% taus have positive discriminant, set to O if negative

* Two-fold ambiguity on B mass, constrain on B flight direction already used
* Higher fractions of true events in MC sample, less background

* Masses still not discriminating, strategy similar to the 33 case



Selection

e Loose cut-based preselection on isolation variables

* BDT-based selection, trained against MC signal sample and SS data

e First BDT trained using isolation variable

* Second BDT trained using isolation, flight distances and vertex information

TMVA overtraining check for classifier: BDT
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Summary of Part III

B physics with taus in the final state very promising field

Work in progress in two different final states

Challenging analysis: multiple candidates, lots of background, poor mass discriminating power
Selection almost completed, still not optimized

Fit will be probably performed on BDT

Background characterization ongoing

Next steps: Data-MC comparison and define a fit strategy



Joint Conclusions

There 1s a lot of interesting physics to be explored in the electron and tau mode

While providing a new perspective to the anomalies, they serve to be independent portals for NP
searches previously unexplored

The indirect modes coupled with the direct searches could serve to complement each other.



