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Study of B — J/¢¥ D} and BY — J/¢¥D!" decays
in pp collisions at /s = 13 TeV

with the ATLAS detector

3. Event selection

2. Reconstruction and measurement strategy ) I .
reselection

Signal modes: BY — J/¢¥ D7 and J /1 candidates
BY — J/¢yDXt

The J/v candidates are built from pairs of oppositely charged muon candi-

i DJarughters are+reconstTcted via J/¢ — q;""b.ﬁ*’* dates that are reconstructed using information from the MS and the ID. Muon
M_ p~ and % ? ol o > candidates must satisfy the Loose identification working point
D 2= S S D7 candidates

m 2 distinct decay vertices of B and D"

1. Introduction

m pr(trk) > 1GeV, |n(trk)| < 2.5

decays ; Ley(DF) >0 he B
The B meson is the only known weakly decaying particle consisted of two g Masses of J/1 and D7 candidates are ! m Ly s ) > 0 mm (w.r.t the ~c vertex)
heavy quarks. It affects theoretical calculations of its decay properties. Various aeranned fn flha vt S e dha e = m(¢) in £7MeV around nominal ¢ mass
model predictions are available. inal values By m 1.93GeV < m(KTK™7n") < 2.01GeV
Leading Feynman diagrams for Br — J/@bD_g*)Jr decays: 0 D;H‘ decays into D;_fy or D;_WO with the . P;\/ ~ B;l- candidates
5 - neutral particle escaping detection, i.e. m pr(BZ) > 15GeV, [n(Bf)| < 2.1
5 §‘ incomplete reconstruction O \d(l)DV(Bj)/adéav(Bj)\ < 5 and |z(1)DV(B;F)/JZ(1)a\/(B;F)| <5
« < B}
) ) Reference mode: BY — J/¢n™T w.r.t the PV

GCD QQ

m Vertex Xz/n.d.f. <2 ndf =8

m One secondary vertex of Bl decay; J/v candidate mass is constrained in

C spectator C colour s;ppressed spectator annihilation the fit to the nominal value - ny(Bg_) > 03 o ny(Bg_) < 10 mm 0
) : L ST m Exclude 5.34GeV < m(J < 5.40GeV to suppress B — J
Unlikertheloth et Bimesenslthe annihilationtdiaeramiisin ot G K EsHppressed m The mf)de prov.ldes large statistics and thus used for normalisation in the (J/¥0) PP s [

branching fractions measurement To further suppress the combinatorial g 025 PR
L ] ] . - =) - ATLAS Preliminar s=13TeV, 139 fbt
elative bt | Measured quantities: Polarisation in B;" s J/¢D;k+ decay background, a multivariate classifier S oF ’ I -
. < "~ —e— Data sidebands 1
" Relative branching ratios n n n n m Scalar B decays into two vector particles — three possible helicity am- based on boosted decision trees e B 90D z :
Rpg ja+ = B(Be — J/9D)/B(Be — J/m™) litudes Agg A, A (BDT) as implemented in the TMVA 015 s-ni, e
RD§+/7# — B(B;r — J/zpD;kJr)/B(B;r — J/¢7T+) m Longitudinal Agg and transverse A4+ components have different kine- frameV\{ork 1S emp.loyed. 0.4 } E
- B(BS - J/wD) /BB — J/4D7) matics: BDT input variables ' R ]
*- L = —> —> ) 0.05- . i..'..'g ¢ ':' ]
Ds™/Ds y > y > shape of J/¢D_ invariant mass and J/4 helicity angle = pr(D5), LXy(DsJ;) : et RN

m Transverse polarisation in Bl — J /4D m [hey can be distinguished in the fit to these variables m cos0*(n"), | cos® 0'(K™)] (for D) 08 03 ™"%2 0 0z 04

4. Signal fits m cos0*(DJ), cos & (™) (for BY) BDT output

An extended unbinned maximume-likelihood fit to the two-dimensional

> R L L D Y RO B L L L U I I .
. . . . . L  200F—e— Data ATLAS Preliminary = - ATLAS Preliminary 0. S stematics
distribution of m(J/vD;") and cos @' (1 ") is performed to extract the signal § L80F— Total i ftatev,am | o 160F + + + e 13 vy, 1301t - Y
. . . . . C e BUL JWDT - - ]
yields as well as the transverse polarization fraction in the B — J/¢ DX 7 1600 e pataset1 4 5 “40F Datasetl - .
.. 1(. 4\ - CI f d h | b + d D s 2L LA40F -+ B .3/ wD’S”, Azz E W 1208 ——— - Source Uncertainty [%]
decay. The helicity angle 6'(11") is defined as the angle between ™ and D; B - Combiatoial packgroune E o E Ryt mt  Bpetpt Rpetpr Tag/T
candidate momenta in the rest frame of the muon pair. 100§ E o E T — L5 1.9 0.4 0.1
80 = R . Simulated |n(BJ)| spectrum 0.7 0.7 0.1 0.2
- . 60— By~ JIYD, A, E B lifeti 0.1 - B
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40 . ~ — - Combinatorial background N TS . Fic 10 10 0.1 0.1
o . - A . . < 0. < U.
i £ / _|_ 20 S, L1 1 20:"""""""""""""" o ?a’c mng €uiClency
u BE‘_ — J / 77@ D;_ SIgna/_' modified H Shapes of cos (,u ) can be pre- O, T I A A G BN S CI LTI P;le—up effects 1.0 1.0 - -
Gaussian function dicted analytically: 3 E 2k E X" /ndf cut efficiency 3.2 3.2 - -
2 2 o B I . Impact parameter cuts efficiency 0.2 0.2 - -
141 n BS = J/yD; g B e e E B BDT cut effici 1.3 1.3
IR S .5 5 '] E cut efficiency : : — —
1‘|‘X 2 ~ / + =2r ] —2! . . B -
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where x: = | Mifo, Wi oB ~ (1 + cos? ¢’ ( +)) - Total fit s=13Tev 139150 1  — - — Total fit (5= 13 Tev 13951 signal angular modelling 0.4 < 0.1 0.4 0.6
. . . = Q - + . B ’ 7 " 50F—----- Be - J/YD! B ’ — ;
fixed to MC simulation _ N a0 B: - J/YD; ks c s, - background mass modelling 6.0 9.0 3.2 1.0
N o m Using kernel templates allows to ac- g o BL- JPDY A, Dataset 2 1 E Co E*ﬂg N Dataset 2 ] background angular modelling 0.9 1.3 2.1 2.4
' : g _f S I e - By — ptu ¢ tri 1 4
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of two templates for Ayg and A4 _ ] a0k B Be — {/Wd S}gnal ire e '
L . Background: Second-order polynomial - - . sl medelivag | - - - -
contributions extracted from simu- ) . IREE L1 : PRD)/comb. background modelling 5.8 5.8 - -
. . . . shapes i - E CKM- . back d modell; 1.0 1.0 - -
lation with kernel estimate: fraction P i L —— —Ti ] bl PEeMs e mRReT e
. ] 10 i MC statistics 1.5 1.5 1.7 1.5
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m Dataset 1. candidates in the events collected by the standard dimuon or & T8 O B = = -
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three-muon triggers — can be Safely used to measure RD;F/WJF' RD;k+/7T+' 5800 6000 6200 6400 6600 6800 0 01 02 03 04 05 06 07 08 09 1 7. Results

m Dataset 2: candidates collected only by the dedicated A [MeV] |cose'(1")|

bBmumux Bsmumuphi triggers — improve sensitivity to RD;kJF/D;r, 44 /T.

Measured ratios of branching fractions:
RD;L/W+ = 2.76 + 0.33(stat.) + 0.29(syst.) + 0.16(BF)
RD;FJF/WJF = 5.33 £ 0.61(stat.) + 0.67(syst.) &= 0.32(BF)

5. Normalisation using reference decay

Selection of the reference decay candidates is close to that of signal for better cancellation of uncertainties RD**/D* — 1.93 + 0.24(stat.) & 0.1(syst.)
. pt (%)+. C
Same cuts as in B — J/9Ds 7 - (BF error corresponds to the knowledge of BD+—>¢(K+K—)7T+)
- - S A L D AU R s
= J/1 candidate SeleCt'_on - - ATLAS Preliminary  Vs=13 TeV, 139 fo* : Transverse polarisation fraction in B;" — J/ ¢D;“":
= pr(BY), [n(BY)| region, Lyy(BS) o 2500(- =
=t N ~ ?z‘tt:l . i 14/ =0.70 £+ 0.10(stat.) 4+ 0.04(syst.)
0. "y o+ + B
m |dy (BE)/ogpv(BE)| < 3and |z (BS)/o,pv(BE)| <3 £ 2000% (LGB E
; 0 0 g - N e 4 B - K’ . The measurements of RD*/ + and RD**/D* agree with ATLAS Run 1 [2] and
m x“/nd.f.(BY) <18, pr(rt) > 3.5GeV 1500 N Y&} o Be—Jigp ] s /7 3 426 .

Veto 7+ candidate tracks identified as fow-p- muons to suppress B+ —s J/¢ +, X - — - Combinatorial background LHCb [3] results. The obtained value of the RD§+/7T+ Is smaller and rj:j:/r
I; i b hine fracti PT = ¢ il 10003 S - is larger than the ATLAS Run 1 measurement, although in both cases the dif-
os of branching fractions: — by — - . .
atl - 7 N ference does not exceed 1.5 standard deviations taking the Run 1 uncertainty.

DS 5003_ ;%é : All the ratios of branching fractions are well described by the QCD relativistic
. Bf s DT €BF s it 1 e /%% - potential model predictions [4].
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pyDS1&2 DS1&2 (DS1&2 2 : sustun) 7 0
Bf—J/pDit  “BE—J/pDf B —J/Di x Rty 7 . /%‘ /
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Bf »J/yDf  BE—J/yDEt B —J/yDiT 5800 6000 6200 6400 6600 6800 7000 e on] % % '/% . %
Cor—f egcil—gf.zl/wﬁ m(J/Pr) [MeV] o % é_ % . %
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. e . Y H— Ha HiH
= Bps |, s(k+K—)r+ ~ kaon pair mass dependent value from CLEO measurement [1] m Signal: modified Gaussian RIQM % % % . %
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Mode €BF L I/uX 7] €BF L I/uX 70] m PRD component: S S o B
B, — J/IDDS 0.971 £ 0.012 1.163 = 0.013 m It has A, and Ay components with different mass shapes
B;I_ — J/¢D:+, Ago 0.916 == 0.012 1.088 == 0.012 m Fit with a sum of two MC templates, leaving the fyo floating [1] CLEO Collaboration, Absolute Measurement of Hadronic Branching Fractions of the
B;" N J/wD;H‘? A:I::I: 0.868 + 0.010 1.049 + 0.011 m Combinatorics: 2-parameter exponential, D(J;) Meson, Phys. Rev. Let100 (2008) 1618044 arXiv:0801.0680 [hep-ex] .
B — J/yr” 2.169 = 0.018 - exp(—agm - (1 + aym)) [2] ATLAS Collaboration, Study of the BX — J/iD; and BX — J/¢D:+ decays with the
ATLAS detector, Eur. Phys. J. C 76 (2016) no.1, 4(4', arXiv:1507.07099
m They are different for Agg and A+ components of B — J/¢¥DI" due to slightly [hep-ex] .
different kinematics [3] LHCb Collaboration, Observation of B — J/v D} and B — J/{¥)D}* decays, Phys.
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