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Talk outline

 Introduction
 The R(D*)  measurement from LHCb using hadronic tau 

decays

Why hadronic tau decays is (surprisingly) the best approach towards
search for New Physics

 Prospects regarding R(D*) and R(D) in LHCb
 Run1
 Run2
 And beyond…

 The other R measurements in LHCb
 Conclusion

SGCP workshop, Stony Brook University, May 31 2018
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• First public release at FPCP2017 on June 5, 2017
• Published in april 2018
PRL 120,171802 (2018)/PRD 97,072013(2018)



R(D*) LHCb muonic result (2015)

SGCP workshop, Stony Brook University, May 31 2018
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The unusual features of the LHCb analysis B0
D*+t-n; t3p(p)

PRL 120,171802 (2018)/PRD 97,072013(2018)                      

 A semileptonic decay without (charged) lepton !!:

 ZERO background from normal semileptonic decays!!!!

 In this analysis, it is the background that leads to 
nice mass peaks and not the signal !!!

 This provides key handle to control the various backgrounds

 Only 1 neutrino emitted at the t vertex 
 The complete event kinematics can be reconstructed with

good precision

 No sensitivity to t polarisation through P3p (ma1
2  0.5*mt

2)

 Note : measure R(D*-) and not R(D*) as B Factories

SGCP workshop, Stony Brook University, May 31 
2018
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The initial very large background

 The D*tn decay, with t going into 3 pions (it can also
be 3p+p0) leads to a D* 3p(+X ) final state

 Nothing is more common than a D*3p (+X ) final 
state in a typical B decay : 

BR(B0
D*3p+X)/BR(B0

D*tn;t3p)SM~100
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A very strong background 
suppression method is absolutely
needed :
The DETACHED VERTEX METHOD



Vertex topology of the usual B decay

SGCP workshop, Stony Brook University, May 31 
2018

6



Selection: detached vertex

SGCP workshop, Stony Brook University, May 31 
2018
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Selection: the detached vertex method
LHCb-PAPER-2017-017/2017-27

PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 
2018
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Dz

LHCb



The second level of background 

 After the 4s cut in Dz/sDz , the prompt background is
suppressed by ~3  orders of magnitude!!!!!

 The second level of background consists of B decays
where the 3p vertex is transported away from the B0

vertex by a charm carrier: Ds, D
+ or D0 (in that order

of importance)

 This background is smaller :

BR(B0 ->D* ’D’; ‘D’ 3pX)/ BR(B0
D*tn;t3p)SM~10

 … and we can suppress it strongly
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The inclusive Ds decays in 3 pions

 The Wcs decays can produce a single meson Ds,  very often in an 

excited state Ds*, Ds** or two particles D0K-, D+K0, and their excited
counterparts

 Although the exclusive Ds 3p is small (1% BR), the Ds is an amazingly
rich source of 3p +X final states (~25%!)

 We classify hadronic Ds decays into 3 pions in 4 categories

 hpX (hp,hr)                                h’pX(h’p,h’r)

 (f/w) pX (f/w p, f/w r)              M3p, where M can be n,K0,h,h’,w,f

 We do not have  precise BR for all of these (some well measured, some
poorly, some not at all)

 The inclusive BR of Ds into 3 pions that could constraint all of these is
not known either

We extract these informations from LHCb data 

in a Ds enriched region (BDT<-0.075) (~90% Ds)

SGCP workshop, Stony Brook University, May 31 
2018
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The importance of the « Ds-o-meter »

 The minimum p+p- mass contains critical information about the rate of h and h’ decays

 At low mass, only h and h’ (red,green)  contributions are peaking

hp+p- p and h’ h p+p-

 At the r mass where the signal lives, only h’ contributes (h’ rg)

 Using the low BDT region, one constraints the Ds decay model to be used at high BDT

SGCP workshop, Stony Brook University, May 31 
2018
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PRL 120,171802 (2018)/
PRD 97,072013(2018)LHCb



The anti-Ds BDT : 3p dynamics, partial 
reconstruction and isolation

SGCP workshop, Stony Brook University, May 31 
2018
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Min(mass(p+p-))     Max(mass(p+p-))

E(n)                          mass(D*+p-p+p-)   

Neutral Isolation   

LHCb-PAPER-2017-027
PRL 120,171802 (2018)/
PRD 97,072013(2018)



t partial reconstruction in 3p decay channel
and sensitivity to t polarisation

 In the hadronic decay channel, the full kinematics of the event can be reconstructed in 
the hadronic mode (up to 2 quadratic ambiguities)

 6 unknowns (3x2 neutrinos)

 6 constraints (2x2 flight directions,mB, mt)

 The precision of the access to the B or t center of mass is however not perfect (~15%) but 
known on a event per event basis (weights or selection of good events therefore possible)

 t polarization can not be analysed thru the momentum of the 3 p system as mentioned
previously but the information can in principle be still recovered in using all the 
techniques developped at LEP 

SGCP workshop, Stony Brook University, May 31 2018
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Phys.Lett. B306 (1993) 411-417

from Laurent Duflot Thesis (LAL 93-09) 
https://inspirehep.net/record/354667/files/CM-P00068750.pdf

Factor of merit of polarization
measurements at LEP
for various t decays channels
w is the optimum variable in Ref. 
t   is the knowledge of t line of flight

It remains to be checked whether this method is applicable to LHCb given the precision on Et



BDT results

SGCP workshop, Stony Brook University, May 31 
2018
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• Good separation
obtained

• Allows to select 
an high purity
sample at high 
efficiency

• Charged Isolation 
and PID cuts are 
also required to 
select candidates

LHCb-PAPER-2017-017, PRL 120,171802 (2018)/PRD 97,072013(2018)



The control channels Ds, D°, and D+

SGCP workshop, Stony Brook University, May 31 
2018

15

Run 1, 3 fb-1

Ds

D°
Anti-Isolation

Ds

LHCb-PAPER-2017-017,
PRL 120,171802 (2018)/PRD 97,072013(2018)

D+

Anti-PID



Importance of the normalization channel
B°D*3p

 Normalization mode as similar as possible to the signal 
to cancel  production yield, BR uncertainties and 
systematics linked to trigger, PID, first selection cuts

SGCP workshop, Stony Brook University, May 31 
2018
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Run 1, 3 fb-1

17k events

LHCb-PAPER-2017-017,
PRL 120,171802 (2018)/PRD 97,072013(2018)



D*Ds+X events with reconstructed Ds in 3p

 Clear separation obtained of the Ds, Ds
* and Ds** 

components

 Ratios ~1:2:2 (only 20% of Ds come directly from B)

SGCP workshop, Stony Brook University, May 31 2018
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LHCb-PAPER-2017-017, PRL 120,171802 (2018)/PRD 97,072013(2018)

LHCb



The 3 fit projections
(q2, lifetime and BDT)

This shows the overall good 
quality of the fit
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PRL 120,171802 (2018)/PRD97,072013(2018)

LHCb LHCb



Fit results
LHCb-PAPER-2017-017, LHCb-PAPER-2017-027

PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 2018
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 The 3D  template binned
likelihood fit results are 
presented for the lifetime and 
q2 in four BDT bins.

 The increase in signal (red) 
purity as function of BDT is
very clearly seen, as well as the 
decrease of the Ds component 
(orange) 

 The dominant background at
high BDT becomes the D+

component (blue) , with its
distinctive long lifetime.

 The overall c2 per dof is 1.15



Systematic uncertainties table
PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 2018
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LHCb Results
LHCb-PAPER-2017-017, PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 
2018
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BR(B°D*tn)/BR(B°D*3p)=1.97±0.13(stat) ±0.18(syst)

BR(B°D*+tn)=(1.42±0.094(stat) ±0.129(syst)±0.054(ext))%
to be compared with the   PDG(2017)  (1.67±0.13 ) %
(Using for BR(B°D*3p) our average of (0,721±0.028)%)
New (naive) average BR(B° D*+t-n) =(1.58±0,10)% 

Experiment Method N evts BD*tn N evts B° D*+t-n

BABAR Leptonic hadronic tag 888±63 245±27

BELLE Leptonic hadronic tag 503±65 0,4x503=200

BELLE Single pi hadronic tag 88 ±11 88 ±11

LHCb 3p Hadronic 1296±86 1296±86

R(D*)=0.291±0.019(stat) ±0.026(syst) ±0.013(ext)
Using the HFLAV BR(B°D*+m-n)=(4,88±0,10)%



LHCb average and comparison with WA
PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 2018
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 This analysis :

R(D*)=0.291±0.019(stat)±0.029(syst)

 Reminder muonic R(D*)=
0.336 ±0.027 ±0.030

 2.1 s above SM, 0.6 s above WA

 Final  LHCb average
0.310 ±0.016 ±0.022

 2.1 s above SM, 0.1 s above WA
 The weight of the 3p analysis is 1.5 better

than the muonic one.

 This results pulls down WA a bit 
but increases slightly the 
discrepancy wrt SM!!

 New WA 
R(D*)=0.304±0.013(stat)±0.007(syst)



The new average
PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 2018
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Combined
signifance:
4.1 s away
from SM



The LHCb semitauonic program

1. Vertical extension of R(D*)
 Extraction of internal quantities , most notably q2 , 

search for NP effects using our high stats high purity
sample  with HAMMER or similar program

 R(D*) measurement with Run2 data 
 Hampered by slow MC production but the prospects are 

excellent 2015+2016=~2*Run1
 Goal is to be competitive with the World Average

 Full Run2  paper to be expected in 2020 (statistical
precision will be lower than 3% at that date)

 Measure R(D**°(2420) per se and constraint D** 
feed-down

SGCP workshop, Stony Brook University, May 31 
2018
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D**  cross check
PRL 120,171802 (2018)/PRD 97,072013(2018)

SGCP workshop, Stony Brook University, May 31 
2018
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• B° D** tn and B+
D**°tn constitute potential feeddown to the signal

• D**(2420) ° is reconstructed using its decay to D*+p- as a cross check 
• The observation of the D**(2420)° peak allows to compute the D**3p

BDT distribution and to deduce a D**tn upper limit with the following
assumption. 
• D**°tn=D**(2420)°tn (no sign of D**(2460)°
• D**+tn=D**°tn

• This upper limit is consistent with the theoretical prediction
• Subtraction in the signal of 0.11±0.04 due to D**tn events leading to an 

error of 2.3% All detached vertices Detached vertice for BDT>.0.1



The future of R(D*) studies

 From 2020 onwards, it is highly likely that the 
systematic errors on R(D*) measurements will reach
a floor that will be very difficult to beat

 Is that the end : NO  The larger and larger statistics
will be used to search for NP within the events !!

 We can expect in Run1+Run2  6k events with 50% 
purity !!!

 The same will be true after LHCb upgrade : do no 
expect any breakthrough in R(D*) precision but 
expect large improvment in NP sensitivity !!! 

SGCP workshop, Stony Brook University, May 31 
2018
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The « horizontal extension »

Because all b hadrons are produced at the LHC and 
since the measurement methods are identically valid
for all of them, LHCb will measure the full collection:

 R(Lc)

 R(D+),R(D°) 

 R(J/y)

 R(Ds)

 Vub (R(p),R(pp),…)

 R(D**)

 R(L*
c)

SGCP workshop, Stony Brook University, May 31 
2018
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SGCP workshop, Stony Brook University, May 31 2018
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SGCP workshop, Stony Brook University, May 31 
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SGCP workshop, Stony Brook University, May 31 
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Prospects for other R using hadronic t decays
(personal guestimates)

Present effort
intensity

First result
precision
(stat+syst)(%)

First result
date 

Run1+Run2 
expected stat. 
precision (%)

Specificity

R(Lc) *** 7+15 Fall 2018 3 Spin 1/2

R(J/y) *** 20+10 Winter 
2018

10 Bc

R(D0),R(D+) *** 3+7 2019 2 Very low SM 
uncertainties

R(Ds) * 5+10 2020 3 Sum of Ds
and Ds*

R(D**) * 15+10 2019 7 No higher
level
feeddown

R(L*c) ** 10+10 2019 7 No Higher
level feed-
down

R(p) - 7+10 2020 5 Vub cf
annihilation
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Conclusions

 The analysis to measure the ratio BR(B°D*tn)/BR(B°D*3p) using the 3 
p hadronic decay of the t lepton has been performed at LHCb (Preliminary)

R(D*)=0.291±0.019(stat) ±0.026(syst) ±0.013(ext)

New preliminary LHCb average of  R(D*)=0.310±0.026

 This analysis was made possible due to the unique LHCb capabilities for 
separating secondary and tertiary vertices with unprecedented precision

 The R(D*) result, the first one to use 3p final state, is one of 
the best single measurements, having the smallest statistical
error.

 It is compatible both with the SM prediction and with the present WA. 
However, it slightly increases the discrepancy of the WA wrt to the SM

SGCP workshop, Stony Brook University, May 31 
2018

32



Short, mid and long term LHCb Prospects

 By the end of 2018 (or early 2019) (hadronic channel)
 First publication R(Lc), R(J/y)
 Search for new Physics within the event
 Update R(D*) Run2

 In the course of 2019
 First publication R(D*),R(D0),R(D+) (to be expected earlier in muonic version)

 R(Lc*)
 R(D**)

 In 2020
 First R(Ds) publication
 Complete set of Run1+Run2 papers

 The systematic floor will likely be reached for all channels by that time, except
maybe for Bc

 The obvious goal is to complete this program before BELLE-II competition becomes
severe ~at the end of 2021

 The post-upgrade physics program will move away from yield measurements to 
focus on extraction of New Physics from the event characteristics

SGCP workshop, Stony Brook University, May 31 2018
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Backup

SGCP workshop, Stony Brook University, May 31 
2018
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The 2012 BABAR results statistics

SGCP workshop, Stony Brook University, May 31 
2018
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N(B0
D*+tn)=  245±27 events

BR(B0
D*+tn)= (1.76±0.19±0.12 )%



Summary of the various efficiencies

SGCP workshop, Stony Brook University, May 31 
2018
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The sources of the different efficiencies between signal and 
normalization have been studied in great detail. The major contribution 
come from the softer D*(slow pion) and 3p p and pT spectrum for the 
signal induced by the presence of two extra neutrinos



Search for LFU violation in Vub decays

 Note that in the long term the ‘Vub’ analog b->uW is also quite interesting, 
since its coupling to new physics can be different from the cW case

 Rather difficult in practice B factories can search for Bptn

 LHCb can look for Lbptn or  B°p p tn

 A similar reaction is the annihilation diagram

SGCP workshop, Stony Brook University, May 31 
2018
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