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FCNC transitions are an ideal place to search for New Physics
b—sf¥ are reasonably well known and studied
b—d#¥ are much more rare (factor 1/20) = less well known Focus on £ = u (at
LHCb)

Powerful modes : B — Vector £ but B — p° ¥ challenging

*
-B.—D'(—D°n)éf
but : production of B, with respect to B, ; = (7.26£0.08)x1073
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The LHCb detector

40% of the heavy quark production cross-section in 4% of the solid angle LHCb MC
s=14TeV

All type of b-hadrons produced
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RICH detectors =

K/mt/p separation




LHCb Integrated Recorded Luminosity in pp, 2010-2018

—] . 2018 (6.5 TeV): 2.19 /fb -
2.2 . 2017 (6.5+42.51 TeV): 1.71 b + 0.10 /fb 20182012
. . E . 2016 (6.5 TeV): 167 /b
DC”Q Used for ThlS GﬂdlYSlS : 2 2015 (6.5 TeV): 0.33 /fb
1.8 . 2012 (4.0 TeV): 2.08 /b
= 2011 (3.5 TeV): 1.1 /b
2010 (3.5 TeV): 0.04 /b

Run 1 (2011 -2012 at 7 and 8 TeV): ~ 3 fb"'
Run 2 (2015 -2018 at 13 TeV): ~ 6 fb"'

Integrated Recorded Luminosity (1/fb)
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Let’s focus first on B.—D" J/1P(— £4) f<, i " ’
b c
Different diagrams, same final state . ) . ¢
B.—D." J/(— £f) has been observed
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https://doi.org/10.1007/JHEP07(2020)123
https://doi.org/10.1103/PhysRevD.87.112012

For now we will search for :
e B.—D"J/P(— pp) o« |V 4? with D" — D° 1t and D° —K7 or K37 never seen

* B.—D, J/P(— pp) < |V.¢|*with D, —KK 7 for normalisation

Np+jpyp 9 Npj/p o EDJ/Y

BR(B, - D" = BR(B_,. - D
( J/) ( J/%) x D /¢ NDs]/‘/J €D/
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Selection (in brief)

BDT (different ones for D°

P lecti
reselection —K7 , K37 and D, —KK 7 )

isMuon
pt pr > 500 MeV
3GeV < p < 200GeV

|m — mppg| < 25 MeV

i Xeriex < 9 D°/DF: X% (hE), 3, X3 (ht), min(htpr), Dy flight distance

> :
o Soa “i: min(4*pr) + + 2
0 + ost . . . . .
D°/D; daughters pr 2200 MoV BZ candidate: B DIRA, B flight distance, X{p g4
ProbNN, > 0.1

|m — mppg| < 25 MeV
pr > 1.5GeV / pr > 1.0GeV

2
0 + X Veertex < 16
D"/ Ds BPVDLS > 3
>, X3 > 9 (not for D° — Kr)

CT1/4,00 pTF > 0

Am € [141, 150] MeV
D*+ pr > 2000 MeV

2
X Vertex <9

X%/ertex <9
DIRA > 0.99
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Preselection

Selection (in brief)

BDT
(different ones for D° —Km, K31 and D,—KKn)

isMuon
pr > 500 MeV
3GeV < p < 200GeV

Training samples :

J/

|m — mppg| < 25 MeV
X%’ertex < 9

Signal is MC

D°/D; daughters

X?rrack < 3
Pghost < 0.4
pr > 200 MeV
ProbNN, > 0.1

Background is B_ upper mass sideband (6400 — 7000) MeV

Use of k(=4)-folding technique

|m — mppg| < 25 MeV
pr > 1.5GeV / pr > 1.0GeV

2 L] - - - L] L]
D°/Df BXP‘@’E"L;;% Training features are identical for all classifiers:
5, %3 > 9 (not for D® — K) D°/D}: x2,(h*%), 32, x3(h%), min(h*pr), D) flight distance
CTJ/@!;,DO DTF >0 j:. . :I:
Am € [141, 150] MeV p=: min(p=pr)
’ q . . R+ + £ ; 2
D*+ prx>2» 2ooo<1v;ev B candidate: B DIRA, B flight distance, X{y1p g4
Vertex
X%/ertex < g
DIRA > 0.99
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Clear difference between Signal and Background
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Choose the optimal BDT cut by optimizing S/(S+B)

LHCb simulation 2011-2018
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B—D" (— DO (— K1t or K37) ,4) J/4h(— upl)

Expected yields : assumption

B(Bf — J/yD**t) | B(Bf — J/¢D)
B(Bf — J/yD*t)  B(Bf — J/¢DY)

— 1.91 4 0.20 4= 0.07 [JHEP 02 (2024) 032]

B(BY — J/¢D¥*) |Vq|? B(D*t — D7 H)B(D° — f) &

= NF =N 4+
PP B(BE = J/YDY) V|2 B(DS — KTK—wt)  eps
f = Kit or K31
Ngf(g —47+6
= before the BDT

NK3™ — 36+ 5

exp
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Choose the optimal BDT cuts by optimizing the S/\/(S+B) FoM : S is obtained as previously explained and B is from
upper mass sidebands

Preferred working points :

Events / 10.0 MeV
i
h

=
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LHCb Unofficial
AR B N

eXmt. =75 % (FoM ~5) and €

K3m _

BDT — 56 % (FOM ~ 4)

How it could look like :
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Conclusion

First search for the decay B.—D" (— D° (— K or K37) m__,,) J/Y(— uu)
The analysis strategy is in place and the first signal estimate is promising

It will contribute to the better knowledge of the B_ meson quy t
Uned

We have more data !

10
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— 2025 (13.6 TeV): 1.58 fb" [
20 — 2024 (13.6 TeV): 9.56 b

— 2023 (13.6 TeV): 0.37 fo!
18 2022 (13.6 TeV): 0.82 fb™
6r hen I TR,

—_— evj). 1.

— 2016 (13 TeV): 1.67 fb! Thank you for
14 2015 E13:|_T\e;\);‘): 0.33; fq"

— 2012 (8 TeV): 2.08 fb" M

(7 TeV): 1.11 fb™! your attention
2010 (7 TeV): 0.04 fb™
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