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Studying semileptonic B(OS) — Digyp vy decays
* Purpose: test SU(3) symmetry by comparing the form factors
(FFs) for B — D7 and B® — D~.
Form Factors pt
Y

o FF accounts for the W
hadronic part of the decay 0 :
(non-perturbative QCD) BS éé Ds
SU(3) symmetry in B and B°
decays
o Same FF is expected — only w
difference is the spectator &
quark (s/d) Vo D

FF useful input for other studies Fig 2. B — D—/ﬁyu
(fs/fq from hadronic decays).



Measuring FF in semileptonic decays

* The FF is a function of the transfer momentum of the
W-boson g2 and is parametrised as an expansion of the
parameter p? [1].

Challenge:

o Cannot reconstruct g® due
to missing v,

Alternate approach: variable
P, (D)

o Correlated with g2

o Fully reconstructed, good
resolution P (D) in B meson decay

M. Neubert, Heavy-quark symmetry, Physics Reports 245 (1994)



P, (D) dependence on FF

P|(D) vs. ¥(uv) for B'— Di(—KKmuv (MC)
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Analysis goal and strategy

Goal:

* Determine the P, (D) distribution for B — D pitv, and
B® — D~ putv, to compare them for a SU(3) test

Strategy:

o Split data sample in bins of the variable P, (D)

o Perform a fit to the corrected B mass in each bin to obtain
signal yields and thereby the distributions:

* P(D)(B? = Dy ptv,)
* P (D)B®— D uty,) .
o Finally compute the ratio:
P, (D)(B? — Dy u*v,)/PL(D)(B® — D~ putv,)



Corrected B mass fit to the data

LHCb data Run 1, selection inherited from Bg and Ds lifetime
measurement [?].

Corrected B mass variable:

— 2 2
Mcorr = P1,Dp + \/ mDu + pJ_,Du

o Compensates for part of the missing momentum

o Makes the B mass distribution more narrow

Binned least-squares fit:

* Purpose: discriminate signal from backgrounds and
determine the signal composition

* Mass shapes for signal and backgrounds are obtained from
both MC and control sample of data [?]

?LHCb-ANA-2016-068, March 7, 2017
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Corrected mass fit for B — D~ ut v,

Candidates per 55 MeV/c2
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* x?/ndf= 109.6/88
* prob = 0.059

Ncandidates ~2.6M
Naignai=(1.284 + 0.014) M
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Determine P, (D)(B® — D~ u'tv,)

Data sample is split into
6 bins of P, (D):
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Preliminary P, (D) distribution
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Remarks:

Good agreement between Data
and MC (FF from known world
average values [3]) validates the
method

%Y. Amhis et al.,” Averages of b-hadron, c-hadron, and tau-lepton properties

as of summer 2016”"
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BY — Dy,



Corrected mass fit for BY — D ',

Candidates per 55 MeV/c?
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* prob = 0.63
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Preliminary P, (D) distribution for BY — D u* v,
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Remarks

o MC is generated
under assumption of
perfect SU(3)

o Observe a tension in
two bins (3 and 5)

o Need to include
systematic
uncertainties (eg.
fitting assumptions)
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Preliminary comparison of P, (D)(B2 — D, j1"v,) and

PL(D)(B° = D™ p'vy)
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Remarks:
More work needed for
meaningful comparison.

Yet, first step into the test
of SU(3) symmetry
between B? — D; and
B® — D~ decays.

Next step:

Assess the sensitivity of
the ratio of P, (D)
distributions to the FF
parameter p?
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Conclusion and outlook

Conclusion:

* We made the first attempt to compare B? — D puitv,, and
B% — D~ ptv, decays.

* We have proven that we can extract the P, (D) distribution of
B — Duv decays and validates the method on the known B°
sample.

x Still to finalise the work on the B case to make the test, but
the method looks already promising.

* Next steps: try to extract the FF parameter from the fit of
the ratio of P, (D) distributions and to add run 2 data

17
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Mass fit in each bin for B — D,uv

Mass fit in each bin
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Fit Result for integrated sample of B® — Dpuwv,
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Corrected mass fit for B?

Mas§oafit result:
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Stripping

Quantity K*K~m~ requirement K*n~ 7~ requirement
(b2DsPhiPiMuXB2DMuluX) (b2DpMuXB2DMuluX)

ProbNNghost(u, 7, K) <05 <0.5

Minimum IPx2(y, 7, K) > 4.0 >9.0

pr(p) > 600 MeV/c > 800 MeV/c

p(p) - > 3.0 GeV/e

PIDmu(() > 0.0 > 0.0

Track x?/ndf - <40

pr(K), pr(r) > 150 MeV/e > 300 MeV/c

p(K), p(r) > 1.5 GeV/e > 2.0 GeV/e

PIDK(K) > 0.0 >40

PIDK () <200 <100

D daughters’ >~ pr - > 1.8 GeV/e

D vertex x2/ndf <80 < 6.0

D x?/ndf separation from PV > 20 > 100

D DIRA > 0.99 > 0.99

m(D[,) € [1789.620, 2048.490] MeV/c> € [1789.620, 1949.620] MeV/c?

m(K*K") € [979.455,1059.455] MeV/c? -

B vertex x%/ndf <20.0 <6.0

B DIRA > 0.99 > 0.999

m(Dsp) € [0.0,1000.0] GeV/c? € [2.5,6.0] GeV/c?

v,(D) — v,(B) > —0.3 mm > 0.0 mm

Table 1: Summary of stripping selections for (left) K*K ~n~ and (right) K77~ samples.
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Offline selection

Quantity K*K~7~ requirement K*r~ 7~ requirement
ProbNNk(K) > 02 > 0.2
ProbNNpi(r) > 0.2 > 0.5
ProbNNmu(p) >0.2 > 0.2
p(K) >2GeV/e > 3GeV/e
p(m) >2GeV/e > 5GeV
pr(K), pr(m) > 300 MeV/c > 500 MeV/c
Dy, vertex x*/ndf < 6.0 < 6.0
m(K+K") € [1.008, 1.032] GeV/c?
p1(D)[MeV/¢] > 1500 + 1.1 x (mm,[MeV/c | — 4500)
ip > 0.1ps
Mcors 3000, 8500] MeV/c2
_ € [1.85,1.89] GeV/c? for B® 2
m(Diy) € [1.94.2.00] Gev/c? for o € [1:8%,189] GeVe
> 3.1GeV/c? > 3.1GeV/c?
m(Dgu*) & [5.200,5.400] GeV/c? (for B%) ¢ [5.200,5.400] GeV/c?
& [5.280,5.480] GeV/c? (for B?)

() ¢ [3.040, 3.160] GeV/c? ¢ [3.040, 3.160] GeV/c2

s ¢ [3.635,3.735] GeV/c? ¢ [3.635,3.735] GeV/c?
m(Kpr) ¢ [2.260,2.310] GeV/c? ¢ [2.260,2.310] GeV/c?

Table 2: Summary of offline selection criteria for the (left) K*K~n~ and (right) K*r~n~

samples. See text for motivations for the various mass vetoes.
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Selection in 2dim plane of P, (D) vs. Moy
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25



Data Samples

o Collected by LHCb in Runl at /s =7 —8 TeV and L=3 fb~L.

o Samples and selection inherited from B? and Dy lifetime
measurement. [°]
o Same sign data (SS) are D*p*

combinations used to model
combinatorial background.
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Fig 6. N~ 2.6 M Fig 7. N~ 470 K
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Data samples for OS and SS

After selection:

o Opposite sign candidates (OS):

Nos(B® — Krm) = 2,611,001
Nos(B? — KKr) = 467,951

o Same sign candidates (SS):
Nss(B® — Knr) = 28,767
Nss(BY — KKr) = 14,228
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Simulated signal and background contribution for BO and

Bs

Sample Event type Candidates after selection Efficiency [1074]
B® — D; (— K+*K-n)utvX 13774002 566419 7.05
BY = D~(— K*K . 11874022 290353 3.95
B’ D~ (— ) utvX 11874042 149131 8.49
BY — D™Dt 13873201 3037 1.98
A? — AF D™ (0) 15894301 3330 1.06
Bt — DWOp* 12875601 2071 1.35
B® — DM-pi* 11876001 1780 1.16
B~ — D0(2400)(— DY K umy 12775001 6447 2.23
B® - D¢ (2400)(— DKy 11774001 6236 2.09
BY = D°D,K 13796000 4636 1.61
Bt — D~ (— KtK-n)ntutvX 12875011 44734 2.25
Bt » D~(— Ktr—n )rtutvX 12875031 18226 4.12

Table 3: Samples of simulated data used in the analysis. Signal components are on the
top, expected physics backgrounds for the BY sample are in the middle, and expected B*
backgrounds to the B° samples are at the bottom.
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Simulated signal mixture for BO and Bs

Process B [%] Decay model

B! — D;ptv 2.1000 HQET2 1.17 1.074

BY - D~ (— Dy X)utv 51000 HQET2 1.16 1.370 0.845 0.921
BY - Dl (= DO X)uty 0.7000 ISGW2

BY = Dy (= D™ X)utv 0.4000 TSGW2

BY — Dl (= D" Xty 04000 ISGW2

Bl = D7t (= prvv)y 0.138  ISGW2

B — Di(— DY X)r+ (= prov)y 02770 ISGH2
B = D% (= D" X)rt (= pruv)y 00310 ISGH2
BY = D7 (= D" X)rt (= pruv)y 00310 ISGH2

B — D utv 2.1700 HQET2 1.18 1.074
B - D™ (= D~ X)utv 1.6218 HQET 1.20 1.426 0.818 0.908
B® = Dy (= Dig X)utv 0.1848  ISGW2

B = Dy (- DY X)utv 0.1652 ISGW2

B® - Dy (— DE*LX);#» 0.1436  ISGW2

B® » D mtnuty 0.1197 PHSP

B® - D*~(— D~ X)rtrpty 0.0902 PHSP

B - D7 (= D™~ X)utv 0.0616 ISGW2

B® - D nn%uty 0.0294 PHSP

B® - D* (= D X)n°n°utv 0.0237 PHSP

B - D n%utv 0.0198 GOITY_ROBERTS

B® - D* (= D~ X)nutv 0.0149 GOITY ROBERTS

B® - D1t (— ptwv)y 0.1910 ISGW2

B® = D* (= D X)r*(— ptvv)y 00841 ISGW2
B® = Dy~ (= DE)X)r* (= ptow)y 00110 TSGH2
B® = Dy (= Dy X)7* (= )y 0.0087 ISGW2
B° — Dy (— DW~X)rt(— ptuv)y  0.0069 ISGW2
BY - D7 (= D®-X)rt(— ptov)y  0.0053 ISGW2

Table 4: Processes contributing to the simulated samples of inclusive (top) B — Dy p~vX
and (bottom) B® — D~u*vX decays. Branching fractions and decay models used in
generation are also reported.

29



Simulated signal and background in categories

Category Decay B [1074] €bkg/€sig fanlfa  foxe/ Fricr [%]
BY (K*Kn7) B"—=Du'X 97+16 0.569 £ 0.006 1 6.02+1.12
BY (Ktn—n~) BT =D utX 97+ 16 0.485+ 0.005 1 5.12+0.95
B°— D’DZ;)X 4.60+0.67 0.174 £ 0.004 1 0.09 +0.02
B — DD B°— D™D*X 0.1440.01 0.174 £0.004 1 <0.01
BE — D~D* 0.154+0.04 0.281+0.006 0.26 £ 0.02 < 0.01
B~ — D D° 0.104+0.01 0.197 + 0.005 1 < 0.01
20 A)— A¥D-X  0.09+0.04 0.156+0.003 0.60 % 0.08 < 0.01
b

A) = D nptv - - - -

Table 7: Background contributions for the B°— D~ (— K*K-n )utvX and
B® - D~ (= K*n 7" )ptvX samples.

Category Decay B (107 Cokg/€sig fual fs Foxe/ foig (%]

B® — DW-D{* 1274+ 1.60 0.174£0.004 3.86+022 1.08=0.36
B— DD B* - DEODE* 11.36 £1.29 0.1974+0.005 3.86+0.22 1.09+0.36
BY - DD+ 1217 +£3.93  0.281 £ 0.006 1 0.43+0.19

B — I.).E*)*K’u’)( 6.10£1.00 0.319£0.005 3.86+0.22 0.95%+0.33

B = DKuv ()—
B°— D{TKYutX  610+1.00 0.299+0.005 3.86+0.22 0.89+0.31
B — DDK BY — D°D; K+ 0.24£0.09 0.236 % 0.004 1 0.01£0.01
B®— D™DfK° 0.17£0.06 0.236 % 0.004 1 0.01£0.01
A0 A9 — AF DS (x0) 431£1.69 0156+0.003 2.34£0.31 0.20£0.10
b

A) = D Auv

Table 6: Background contributions for the B — D, (— K*K~n~)u*vX sample grouped
into four main categories. The signal branching fraction, B(B? — D;4*vX) = (7.9+2.4)%,
is the dominant source of uncertainty for the estimated relative fractions.



Motivation for measuring SU(3) in By — D~ and
0 —
B; — D,
o Uncertainties on fs/fd using semileptonic and hadronic
decays:[°]

Table 3: Uncorrelated uncertainties of the two LHCb mmummem of f,/f4[3,5]. The particle

identification uncertainty present in both is fully since the
semileptonic measurement was performed analyzing an integrated luminosity of 3pb~t - acquired
in 2010 while the hadronic was analyzing an of
1fb~" acquired in 2011.
Source Semileptonic (%) Hadronic(%)
latistical 30 i7
SU(3) breaking and form factors - 8.8 ]
T dependent uncertainty 0 E
Semileptonic decay model 30 -
Backgrounds 2.0
Tracking efficiency 2.0
B(B} - D°K*X up,) pe
B((B~/B") —» Df KXuw,) 20
Detector acceptance
and reconstruction . 0.7
Hardware trigger efficiency = 2.0
Offline selection - i3
Boosted decision tree cut . 1.0
Particle identification 1.5 15
Combinatorial background . 1.0
Signal shape (tails) - 06
Signal shape (core) - 1.0
Total ] +9.6

* Result using hadronic decays: fs/fd = 0.259 + 0.015.
*https://cds.cern.ch/record /1559262 /files/LHCb-CONF-2013-
011.pdf?version=1
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