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Main motivations

HC
TRCH
Lepton pair B(s) — D: o
a We have tensions in Vyp, Vo and R(D)-R(D*)
w- vy measurements, semileptonic decays could help us
because:
b » »

. o tree-level diagram, EW and QCD
=0 o e sensitivity to New Physics
B, Dy

s

1/1

Additionally:

e simpler theoretical computations with respect to
B9 and B (due to s quark)
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Main motivations

igh

Measurement of the shape
of the B — D ~putu,
differential decay rate

e Previous analysis, see JHEP12(2020)144,
published four years ago

e That was a 1-d analysis = this is a full angular
analysis

arXiv:2003.08453v3 [hep-ex] 13 Jan 2021
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The decay kinematics

These processes are fully described
by four variables:

%, 0s, 64, X
a® = (pgo — pn;)°

0, and 6, are helicity angles
x angle between decay planes

dr )
1(¢%) Zi(6e, 0a,
dq?d cos 0,d cos Bad x > i:%: éq ) Ei(0e, 94, )
Hadronic interaction (models) + NP z= D;‘/|pD§|
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First steps of the analysis YﬁC‘g')

The events are selected: Templates
e lepton and hadron with opposite charges BY — Dy pty,
e Df — KTK 7™ selection, ¢ and K* resonances B} - Dy Ttu,
e D; — Dy reconstruction, soft -y selection B? — D1y,

B? — D17V
B® — D, D)
BY — p: p{*)
Bt — D D*°
Ap — D ACY
Combinatorial + misID

Then, backgrounds are rejected with:

e Plot to evaluate combinatorial background for the
photon emitted by D}

e cut on dedicated variable to suppress the
doubly-charmed decays (H, — H.D;)
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Number of signal events

q2 € [1.83, 3.67] GeV?

. B, — DTV
B, — Dglv
. . . 041 mwm Hp— Hclv
Extract signal yields using == Combinatorial
s Signal
3 LHCb Simulation
_ 2 L2 4 E
Meore = \/ mD;‘,u + |pmiss’ + ‘pmiss| £
So02
Template binned fit over 4-d space,
extrapolation in two steps:
oL —_— |
e Simultaneous fit over g2 bins, 0 25 e 5o
integrating the ang|eS Variable Bin Edges Bins
e Second fit over all bins, fixing @ [Gev’] 0. 183 367 55733 97 M. 6
cos Oy - -0.5 0. 1. 3
background templates cos 0 4 05 0. 1 3
x [rad] 0. 126 2.51 377 5.03 6.28 5
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Number of signal events

Bin2324 LHCb Simulation Bin4 113
. B, —D;Tv . B, —D;Tv
Extract signal yields using oal i Jl [
BN Combinatorial W Combinatorial
= = Signal = mm Signal
_ 2 L 2 1 2 2
Meorr = 4/ mp., + |Dimiss|* + [Prmiss| Loz H
Template binned fit over 4-d space, °1 ]
. . 3.0 35 4.0 4.5 5.0 3.0 35 4.0 4.5 5.0
extrapolation in two steps: Mear (GeV) Meor (GeV)
. . 2 .
e Simultaneous fit over g* bins, Variable Bin Edges Bins

integrating the angles 216e%] o 183 367 55 733 97 11

6

. . ) cos 6y -. -0.5 0. 1. 3

e Second fit over all bins, fixing cos 0, . on o 1 5

background temp|ates x [rad] 0. 126 2.51 377 5.03 6.28 5
6/1
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Signal yields distribution

nnnnn

nnnnn e Create migration matrix + efficiency
vector to account for detector effects

nnnnn e Fit CLN/BGL parameters using folded
and unfolded distributions

42 [GeV?]

°°°°° e Compare the unfolded distribution
with theory/other experiments

“““““ e Use the unfolded distribution to
perform a model-independent fit

Angular bin: cos 6¢_cos 04_x
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Model-independent approach YﬁC‘g')

We can explicitly fit the Ii(qz) functions integrated over the q2 bins, without any
assumption on the hadronic model:

2, —_
NET"&Z / e (1= 0/a%) " [Pz (4%)|Ti(q®) da” - /A o B0 00 ) 9
1
OCZL 1(0e, 0a, x)

where (;1(6¢, 04, x) are analytically computable. We have ~ 6 x 10 free parameters.
After the fit we can extract CLN/BGL parameters from the ]i(qz) shapes.
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Model-independent approach

9/1
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We could extract information about

NP, because we expect some I,-(qz)
functions to be zero in SM picture.
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Final thoughts Yﬁ‘;‘g)

e |n terms of statistics Simulations > Dataset, hence we expect to be able to perform
this analysis with data successfully

e First measurement of BY — D} uv,, differential distributions

e |tis possible to directly test different New Physics scenarios, with both a
model-dependent and a model-independent approach
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Measurements of the differential
distributions of BY — D} v, decays at
LHCDb

Thank you for listening!

F. Manganella - May 8, 2024
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The differential width

arXiv:1801.10468
Ii(q*) = I(q* Ho,Hx+, H;)

dr
= K(q%) ZIi(qz)Ei(ee, Oa, X) and H; are written using
i

dq?d cos 0,d cos 0adx

CLN/BGL models

2
. m,
= N, [P (¢%)] <1 - q;) . {Ils sin? 04 4 L1c(3 + cos 26,)

+ Ipg sin? 04 cos 260, + I5.(3 + cos 264) cos 26,
+ Iy sin? 0, sin? 6, cos 2x + Iy sin 204 sin 26, cos x + Is sin 204 sin 6, cos x

+ Igssin? 04 cos 0y + Iec(3 + cos 264) cos by

+ I sin 26, sin f sin y + Iy sin 20¢-siw2075m y + WM}

1/2(,2 2 2
3G3|Ve|*B(D; — D) L, A2 (M, mpe, q%) s
128(27r)4m1230 Ipo; (q )l (x,y,2) =x"+y"+z Xy—2xz—2yz

N
ki 2\/(72
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CLN model

(mgy + mp: )2 AV2(my, md ., 42)As (q2) — AlmEy, m3, . q?)Aa(q?)

H p—
0 2mp; (mpo + mp: )/ q?
g, (mm o mo)*Ai (@) F N2 (o, m3. . q%)V(q?)
o Mpo + Mps
AV/2(m2,, m. , q> m2, + m. — q?
H = — ( by ;-4 )AO(qZ) W= o
vV 2mpomp;
vowy = LW 2 2 2
Re M ha, (W) = hy, (1)[1 — 8p~z(w) + (53p° — 15)z(w)
a0y = 2, ) — (231p% — 91)z(w)?]
h(w) = WT“R*hAIM Ri(w) = Ry(1) — 0.12(w — 1) + 0.05(w — 1)?
a0 = 2, ) Ry(w) = Ry(1) + 0.11(w — 1) — 0.06(w — 1)?




BGL model

F1(w)
H()(W): \1/q—2
Ha(w) = f(w) F mggmp; V/w? — 1g(w) z(w) = m
_ VrAAr)vw? -1
He(w) = my N Fa(w)
1 = 1 i
fz) = Yda A= Do




New Physics tensor

Gr _
Vep [eééauy(l — Ws)bﬁa‘uy(l — "}/5)Vg + h.C.] ot =

V2

Hﬂc Heﬁo—i-

G
A(BY = Dylvg) = —EVey [HSMLHSM 4+ CHN L |

V2

Hh = (D (po; m)| COI(1 — 35)b [Bpgg)) 1 = LOI(1 — 55)u

—  HY —HP(To,T1,Ty)  I® = IP(EY)



Kinematic variables reconstruction

f ()
TG

We assume there is only one missing particle in the
final state and that Mpo is known (see JHEPo2(2017)021)

= Two fold ambiguity

P+ =Py —a£Vr

(m123S0 - m\%is - 2(p\fx})2) : p\Uis

2 ((p\‘/‘is)2 - E\gis)

2 2 182y | g2
L (mBg — My — 2(py)”) - i (Evis - pi)?
2
(o -Ry | Ghr-,

Regression algorithm gives a rough
estimate of pgo, we resolve the
ambiguity using
As = (Preg — P+)


https://link.springer.com/article/10.1007/JHEP02(2017)021

Two symmetric approaches YﬁC‘g')

Folded fit 2 _ (§meas _ fjored) ' __L__((gjmeas _ fyored
olde y2= W

where  NP*—k.33  my- (AT(5)-€);  (AT(P)-€); = ATy(p) - §

AT = expected yields distribution p = CLN/BGL parameters

- T -
Unfolded fit 2= (N“”f/g k- AF(;S’)) (N“”f /€ —k- AF(ﬁ))

1
C(Nunf)

where NU"f is obtained using Bayesian unfolding



Expected true yields

‘T 5 dg?
dQ)
//Atrue dqde p q
_ ) )
_N’Y ~/Aq§’true /Athe ( > Z ‘pD 1 ‘—‘1(0570117 )dq dQ
2
=Ny Z/ 2 e (1 - > |Bp: (¢°)|1:(q°) dq” /AQ Zi(0e, 04, x) AQ
b

The integrals over the angular space are easy to compute, while the integrals over q2 are
computed using Bode’s rule (or Simpson’s 3/8 rule).



Belle and HPQCD
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