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N\, — paup full runi+run2
branching fraction analysis
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d " d

”,.11'1 P
“h U > U
u

b = df ¢ transitions are highly suppressed b W- .
in the SM and a good probe for NP ' . a

e First observation and BF measurement
of Ag — pr u 'y with Run 1 data [1]

e Goals of this analysis:

 Measure BF with full Run1+Run2 dataset [AP]
. BF in bins of g (if feasible), direct CP asymmetry

* Look into hadronic pzr spectrum

Piera Battista 2 15.05.2025


https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2016-049.html
https://lhcb-analysis-productions.web.cern.ch/productions/?wg=rd&analysis=lb2ppijpsi

 Can we improve with respect to run 1?

Run 1 selection Now: Run1+Run2

* Very tight PID cuts * Loosen all PID cuts
* Proton PID * Study a new selection
e all misiD * Use simultaneous fit:

e Fit Ay = pKuy and Ay = pruu

(2

O
|
-
am
®
oy
|

—— Data

« Constrain midID of pK reconstructed as px using the
A, = pKuu yield (more later)

Candidates per 63 MeV/c?
= S
=

o
~
~,
~
~
~
-
»
L
iy

5500 6000 6500 7000

My, / (MeV/c?)
Reproduced by CCNU Studied by Barcelona and us
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* Kinematics
. A, AN, A
« Correction of generated shape of p**, p;° T, nlracks
* PID corrections: PIDcorr
. g°: theoretical calculation of Ay = Auu g*
« m(prm): 1D correction

« m(pK): pentaquark angular analysis

Piera Battista 4 15.05.2025



« Corrected pAb, p}\ b 7%, nTracks from the A, = pKJ/y MC and sWeigthed
data

» Same weights are applied to the A, — pxJ/yand Ay = prup MC

Z 007 E + AL L - 2 o01F— # l T L %! » —T T T T T T [ T T
o v— . - o _— o v ol .. = 0.06 — ‘.0 .. -
g E 'Q'.i* ——p -] § : ¢ ’ —— g : 3 *”M -
2 0.06 F- ’t"';* . 1 goosp .3 . 1 oot . A - Y e
& 005F . # 1 &5 [ s g F . -4 E
O : b4 $ ] O 006 . $ 4 B 004F } et

< 0.04F : = - - = F . - ]
. ~ - t 5 ° - o & -
- . $ [ o 4 i 003 . .4 g
003F . ¢ = 0.04 .. = - ¥ A :
- e L - [ . . ] 002F ¢ “o* -
0.02F ° s = . tee, ] - 3. _
: . n};’.‘ . 0.02 — . t.:“’ ~ 001F 4 S 4 =
0.01 - "0:::;:" = - & ’00::00. i - :‘ :""’! :
oa......l.......l.%*mmxl OP....I....IW Ofe® Ly eBeteeegeced]

0 100 200 300 400 0 10000 20000 30000 40000 0 100 200 300 400
Lb P Lb PT nTracks
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* PID correction computed with PIDcorr package

 Full transformation of the PID variables, retain correlation between variables

N — | J J | ]
0) -
e - —|— Sweighted D . .
g 006 E weighted Data -|—l-_._£ _-i__++ _:
D) _ —t+— MC not reweighted :I: + N -
— 0.05¢ . rndl —
GN) L —— MC reweighted :I:+ T :
= 0.04 + 1 —
av] _ . ~ _
= 003 = + :
E UE T .
L - -
0.02 . il
z e
001 . 7 -
C — + +_= :
() Doz st 4y T | | -

-50 0 50

Piera Battista

Proton_PIDp

-
.O
™~

.o [ ]
R SO Y ==
O n

o

Normalized entries
\®)

- -
> © L
nh = W

-

I | 1 1 1 I 1 1

; — sWeighted data _;
E_ — uncorrected MC —f
- —— corrected MC ——
— —
= ==
3 -
? ] | 1 I 1 [ | I | 1 I [ | [ | ] |

S 0.6 0.7 0.8 0.9 1

Proton_ProbNNp
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* Using the calculations from

theoretical paper of branching

fraction of A, — Aupu

— This work

FHCDF 2012

Piera Battista

S o
—_ o
e I
) B

]

trary units

1

0.150 |

Arb

0.125
0.100 |-
0.075 |
0.050 [ -
0.025 |-

0.000 |

I 1 1 1 1 ] ] 1 1 ] ] 1 1 1 1 I_

MCgen corrected
MCgen ~

Run1+Run2 A, — prupu MC generator level

I'1CS

Ent

25000

20000

15000

10000

5000

1 I I 1 I | \ 1 | A 1 I I |7
5 10 15 20
72 TRUE [MeV?]

I I 1 T 1 L] I I L] 1 T I 1

— —— Stripped g - O
E_ — Corrected q* . ++++ _: i
: + 3 8
o e i Y
- _ + 0)
- - <
: - 1 <
- — II_H—_l_ H 5
oC
I T R B ~1x1
5 10 15 20
q? [GeV?%/c*
15.05.2025


https://arxiv.org/pdf/1212.4827

m(px) corrections

» SWeight A, — pzJ/y data and perform a 1D correction

A 009F — - — T T T T T T T T T 5 : ] ' =
5 0.08 1] Iy MC 4 E008F } prJ/ip MC E
Lﬁ 0.07 - sWeighted prJ/1 data _E () 0.07 ;— *'i: sWeighted prJ/y data —;
8 0.06 T corrected prJ/y MC E "8 0.06 E- ) 4: corrected prJ/yp MC E
S + 3 Soesk b E
3 005 H I ¥ Runt | 5 005f + Run2 =
5 0.04 HJrJr ﬂ'}‘ E € 004F f T ' E
2 003F ﬁwlt QL _._++_._+++ i, > 003F 1 'JE# - — =
(())?)21 é_ i+_._ +*+--**+++w 4__.{: ::*_: 0.02 i— +-|-+ ____...—"’“___-_|-=|p+ . —"—-_—;
0 F - '|'-H:$_ +:F:L*-|-‘|—H 'rl’;'l' 'é 001FF — '|'=1= ;*+q:“, bt 4
! L ] | L 1 L ] I I ! | I 1 I 1 | I ) 1

1500 2000 2500 0 1500 2000 2500

m(pm) [MeV] m(pr) [MeV]

Piera Battista 8 15.05.2025



» Using pentaguark amplitude analysis
JIhy — pKJy

QA0.12F T T L A B R p—
. g i + No correction i
E O 1 - — 1D m(pk) correction -
A Pentaquark correction —
o i i’* — XLL2qMC model ~
8 n + sWeighted data -
~008 ¢ —
fg B _
£ 0.06F Run 2 -
2 L 3, 2
: t.. -0 -0-...-.—:* :.::-.-0"‘" *>-0-6- 90000 “m“-. :
O .02 __ i .__._.._0-0-“‘ “"'o-_ ey e ., _—
[® oot .‘W‘ -
O —J. l 1 1 1 1 l 1 1 1 1 I ﬁ

1500 2000 2500

m(pK) [MeV/cA2]
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@ 0.1 1 =
-9—4) B * 0 correction .
4;-;) : t’# — II\ID m(pk) correction :
5008+ 5t — pmeme |
2 [ . s sWeighted data i
Q ** 7%
=006 -
= 3 :
S 0.041 *s -
Z o . Run?2 -
_ + -
002 ., :
I **2::%t .
O Ly xd
50 100 150
Proton p [MeV/cA2]
8 F T
S - 0 correction -
E 0.1 B ‘f:‘: — 1D m(pk) correction ]
(D) - *, Pentaquark correction -
'8 008 N :_; - ——— XLL2 MC model ]
N i . _
p— i 2 * ]
g 0.06 ft : n
S [.* : ;
Z. 0 04 __‘f‘ ¢ RU N 2 _
e * i
0.02 . —
— * —
i *‘ _
U N R o T T
5400 5600 5800 6000

m(pruy) [MeV/cN2]
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e Combinatorial: BDT and Proton PID cut

° MlSI D: Contamination in mass range 5400-6000 MeV in 2016
Decay Only preselection | Contamination with vetos

BY — K*(— Km)J/1 single 36 % 20 %
° Ab —> pK//t//t BY — K*(— Km)J/+ double 1.3% 0.6 %

B, — KKJ/4 1% 0.5%
0 Bs = ¢(— KK)J/y 0.8 % 0.04%

0
. BO K>1<( N K]Z') m BY, — mmJ /i 3.3% 2%

. B > K*¥( - Kr)puu double misID, B, = ¢( = KK)upu, B — nmup
» Clone tracks: cut on opening angle
» Semileptonic: e.g. A, = A ( = prr)uv

« Ay = A( = pm)uu background

Piera Battista 10 15.05.2025



BDT

» Xgboost library used to train the BDT

« Using truth-matched Ag — pr~u T u~ as signal and upper mass sideband

(5.8 — 7 GeV/c?) and lower mass sideband (4.8 — 5.5 GeV/c?) as
DroXy

,-al—-_l{-,}.:_ | T T T T [ T T T T [ T T T T | T T T T [ =

-
B data, bkg proxy, Ny, = 36521 3
BN MO, sig proxy, Ny, = 173727 7

C

 Undersampling the signal sample when input
data is very unbalanced

| —
—
o
a—
"I
|

—
—_—
o
o
|
|

* Training separately for Run1, Run2a (15+16)
Run2b (1 [+ 8) muE

Candidates/(20 MeV/

—
=

H00(0) 55(}() 6000 Gol 7000 |
m(pr—p ) [MeV /]
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* Iterate BDT training over different number o, 7 -
of training variables < —
.99 |
e Start with a long list of training variables i
and remove variable with the lowest 0.98

feature importance in each iteration ,
097
* Decide on number of training variables

where AUC of the test samples drops 0

) " | i — ALC test of each BDT
beIOW 995 A) Of the Startlng Value (']"HE'[:_ —— AU traan of each BDT
cut for selected features
().94 k -
(] 10} 2] 0 410 51

Number of training variables

)ﬁp(//t-l_)a)(lp(ﬂ ), 19DIRA(A )a)(vtx(A ), W(A ),)(FD(A ), pT(A )a)(lp(ﬂ' ), IP(7™ )9)(1})(]7)
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2D optimisation

» Cutting on the Proton PID also reduces combinatorial background

e 2D optimisation: BDT vs Proton PID

» S: number of signal in the J/V data
scaled by efficiency ratios and
branching fractions

» B: fitting exponential background in
rare mode In mass range

(5720, 6000) MeV and integrating
background under signal peak

FOM =

\/S+ B

Piera Battista 13

ProbNNp * (1 — ProbNNk)

0.6

o
w

o
N

o
w

0.2

0.70

0.80

0.85
BDT cut

Runt

- 4.1

0.95

15.05.2025
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Backgrounds

e Combinatorial: BDT and Proton PID cut
e MislD:;

e A\, = pKuu
’ q Main background components

- B > K*( = Kn)uu

. B > K*¥( - Kr)puu double misiD, B, = ¢( = KK)uu, B — nmup

Piera Battista 14 15.05.2025



» Highest contamination background: (36 £ 7) % in Run 2 and (33 = 6) % in
Run 1

 Tested tight B Oveto: abs(Lb_MO0123_Subst2_p2K - 5280) > X | (Proton_ProbNNp>Proton_ProbNNk + Y)

Ng s Ty psig;M: seupa =05 —?

Q o, {signal} = 200 = 1.3 =

- Tight BY veto: X = 75, Y = 0.8

3 350 N::::;=5838¢81 = Ig t Veto' - y - "

I3 Ng, = 1262 =40 =

g 300 Coxpcomb_fitl} = -0.004104 = 0.000143

E 250 scale = 0.142 £ 0.010 . . .

: C (1.2 £ 0.4) % in full
200 . ontamination: (1.2 = 0.4) % in fu

e 1S51d

m— signal

mass range in Run 1

=
S

|
= O
-~ O
=
=
]
[l
L o
.
o
IIIIIIII

. —> Leads to sculpting of

S
o O
LR | -Tlllllllll IIIIIIIIIIII|||||||||||||I||||I||
|+
' 4

E o ET *"1'5'*'?}';'&';'*'"’ """ H';"'T ,”” """"""" ¥ ) ]
B L e e e combinatorial background
5200 5400 5600 5800 6000

m(prJAp(— p* p))[MeV/c?]
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B background

* Looked at the sculpting in data events with BDT cut bdt<0.5

Z 1 T T T 1 T I' e
8 0.95 ' E
= 09 B —é
= 0.85 E
E 08 — X=20Y=05 _-;
< Contamination BY: -
‘60*0075 B (1012)% — X=30Y=05 é
q.é 0.7 T3+ 1.0%  X=75Y=03 —é
:g 0.65 (18 %+4)% X=75Y=038 —é
*§ 0.6  (12+04)% E
SO0SSE 2
‘g’ 5200 5400 5600 5800 6000
a7 Lb M [MeV]

Piera Battista
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Arbitrary units

O)
o

1N
o

30

20

10

Lb M0123 Subst2 p2K

hi
— o | Entries 310
- : | Mean 5280
= : 1 StdDev  19.02
— o
B I N | [ Ill—h:ll_l I_,T| lTﬁ : [ :‘:_|_1,—|1_\ L | : I I
00 5150 5200 5250 5300 5350 5400

Lb M0123 Subst2 p2K
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eldea: Fit Ag — pr U p” and Ag — pK~u™u~ simultaneously sharing the

A2 — pK~u ™~ yield to control the K — 7 misID in Ag - prutu”

K — 1)

N A) = pK- Yutu) =N A & pK—uty)——o 7
p1iD>x{ , P (= )" u-) pip<x{ , P U )8(K_—>K_)
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eldea: Fit Ag — pr U p” and Ag — pK~u™u~ simultaneously sharing the

A2 — pK~u ™~ yield to control the K — 7 misID in Ag - prutu”

e(K~ — n7)

N AY K- Yutu) =N AO K=ty )—— = 7
PID>X( b P (=7 ) u") PID<X( p 7 PA HH )g(K——>K—)

yield of the pKJ/y MC with pzr PID selection

ProbNNpi*(1-ProbNNKk) > 0.4
e(K™— 7)) Npipsx(Ay = pK~(= n7)J1y)

e(K-— K-)  NMS

—~<(A) = pK=Jly)
\ yield of the pKJ/y MC with pK PID selection
ProbNNpi*(1-ProbNNKk) < 0.4

Piera Battista 18 15.05.2025



‘Fits on MC are performed to extract shape parameters (o, n) that are fixed in the simultaneous
fit on data

- e(K~ - )
(K- - K7)

NPID>X(A2 - pK (> a7 )u"u") = NPID<X(A2 — pK U

A) = pK~Jlw MC as Ag — prn~Jly Ag — pK~J/y Ag — pr~J/y

Candidates/(1.5MeV/c?)

- T ] 514000 F= — 1 = < [ E— 1 ]

— o {misid} = 1.425 +0.064 - 2 _ o, {misid_reverse} = 0.78 +0.14 _ L2 - a {signal} = 0.553 £ 0.089 -

500 . o, {misid} = 59 £ 6.7 = > [ o, {misid_reverse} = 1.02 +0.17 _ % B (xl{si nal}= 0.99 +0.12 7]

L 2 - ngOOO — 2 — ve =l — 10000 |— pASighaly = U.75 £ 1. —

- M. =3553=16 . ) — H ot e = 9622632011 N @ - M= 5621.080.15 -

400 __ ORjp{misid} = 20.26 + 0.93 —_— %OOOO C Opcpimisid_reverse} = 12.6 = 1.1 — g : Jr Opcpisignal}= 115 1.1 :

n Opcpimisid} = 48.9 +2.2 ] Q B Jr + Ogaussisid_reverse = 14.32 +0.17 N § 8000 - OgussSignal = 15.14 = 0.15 ]

n n,{misid} = 0.073 =+ 0.047 ] '§ 3000 — DCB,,,._misid_reverse = 0.308 = 0.046 "c'z — DCB,, _signal = 0.355 +0.033 -

300 = n,{misid} = 197 B 'C% - n {misid_reverse} = 457 +0.83 ] 'c% 6000 — n {signal}= 6.5 1.2 ]

- - @) 6000 — n,{misid_reverse} = 9.9 £ 3.7 ] @) B n,{signal}= 10.0 £ 6.6 B

200 - —eo— data __ E ¢ data E 4000 —_ —e— (data __

- 4000 |- — g N " -

e fit ] — = — -

100 - 2000 [— — 2000 — g

0 - ok - ok .

5 SE ] = SE.. R TSSO = SE — N—
a¥ 3 A $ -V - T S S T S S
0 ;L*TFL*‘*" ____________ Fat e 0 mup*”nﬁ*“_*_”“ _ _______ T A 0 byt Hf‘;”f’; b

-SE . . 5 E _ _ g | CTTTTTTmTTmm T
5400 5600 5800 6900 5400 5600 5800 6000 5400 5600 5800 6000

m(pK(— m)Jp(— p* 1)) [MeV/cT] m(pKIp(— p* ) [MeV/c?] m(prrJAp(— p* 1)) [MeV/c’]
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NPID>X(A2 — pK (= a7 )u"u")|=

400

N = — e - -
Q e - -
= - b, = 562550=092 - 2 - = 5627.81 +0.33 -
% - + Sign B 7 - > 1 600 I— pmisid_rcvcrsc —
s 350 - Neomby = 1146 =53 — § - N__.,= 95340 -
\ — A Nz = 6244 = 81 = n 1400 N .= 6244 =81 —
= 300 I\ N, = 1260 =41 — - = N, = 3110 -
% — Cexp{cOmb_fit1} = -0.004970 = 0.00024 § 1200 — Corp{cOmb,_fit2} = -0.003975 = 000027
o 250 :_ cont = 0.099 = 0.020 _: -8 = scale = 1.161 £0.015 -
s = ‘ | - = 1000 |— —
= - | scale= 1.161 +0.015 _ = — -
< 200 | - & C -
) = e - O 800 —
150 :_ — misi _: - —e— (data -
= 1 Is?gilgl = 600 [ — & = pKyy —
ot combinatorial —_ - signal -
100 J-I'1f e B0 - 400 [— combinatorial —
| e it - - e -
20 ‘ \ = 200 - —
A e I A R i a o = - o —
0 - 0
= SF _  5E -
SN SN LY PR I Y S PO U AT Y U0 SV VUV S SR OL S e TSRO TN TUE TN PP T T
o AL I LAY AN LA R A T ALMAAA OF Ty ISR AR LA DA ARAE M
= : . s B CTTTTTTTTTTTmTmmmme &
5400 5600 5800 o 6000 5400 5600 5800 6000
m(prtJ/Yp(— u* p))[MeV/c?] m(pK Jp(— p* 1)) [MeV/c?
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(G'\ - | T T T [ — (\/]-\ 60 __ | T T T | _-r
2 — U =56171+69 - 2 - u = 56269+ 19 -
> = signal — > e misid_reverse —
o 12— N, ., =496x90 9 - N_.,=756+97 .
2 e comb, — 2 e comb,2 —
A - N, 0, = 159 13 = @ S0 [ N, .= 159 =13 —
— L — — -
> 10 |- Ng, = 192255 — > - N,,=00£99 -
Q — -+~ Cexpicomb_fitl} = -0.00409 = 0.0010 - 9 40 Cexpicomb_fit2} = -0.003575 = 0.00075—
S 8 S F -
§= I _ §= u -
< X — s 30 —
O 6 © = m
L 1l —e— (ata — - —eo— data =
¥ —II.IISId _ 20 ; _Eg%pKuu —-
4 e m— signal - sional -
combinatorial - — & . . -
=% e B () - n combinatorial "
9) :...&. - ' e {1 B 10 H e f —
B l a . / -
0 —A AT ot A LR G S 2 = v = il el lLLLLel L k2 +
= 5F ' ' = 5 ;* ____________________________________________ 1
A A ¢
0 F 0 E
S5 E : : -5 E . :
540 5600 5800 6000 5400 5600 5800 6000
m(pru* 1)[MeV/c?] m(pK p* p)[MeV/c*

Expected number of events: 21 =9
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ProbNNp * (1 — ProbNNk)

N u J ' ' ' I ' _
§ - M = 562028 =047 - — —~ , . . . , . . —
é‘) 1200 - Ncomb,l = 3052 * 165 = § 6000 :_ n umisid_reverse = 5622.13+0.17 _:I
N - N, ez = 22786 = 156 - S - Neomp2 = 2907 =73 .
eSUulits run T F e I S
8 - Cexpfcomb_fit1} = -0.005560 = 0.00017 %’ - T7T 2{ o f'tz} 0004202 20,0014~
o] - - L - Cexpicomb_fit2} = -0. +0. -
._'g 800 [— cont= 0.217 = 0.034 ] 5 4000 - scale = 1.1639 = 0.0074 =
= - scale = 1.1639 = 0.0074 — 2 - .
O 600 [~ ] S 3000 - =
— — da.tgd - ~ » —e— data .
B e 1181 7] — A —_— -
400 - — signal ] 2000 ‘s-i‘;nalpK HH —
- ]cacz)mbinatorial - n combinatorial -
200 — fit e 1000 [— 3
B 7.75 O : O = Sheoos ]
' = 5E )
0.6 1 E&E = SE : ' ' S $%] PR PSP YRPRE L YE 30 b R
= AL FEITAITIINYY I TS MY SENTY Y e - e AR MO DL DA
- 7.50 0-§ } ¢ H&*H‘}H l’T‘ vt -5 E : R .
_5 g TTTTTTTTTTTTTImT TRt T 5400 5600 5800 62900
5400 5600 5800 6000 m(pK IAp(= p* pr)MeV/cT]
0.5 - 7.67 7 75 m(preJ/p(— p* IJ'))[MGV/02]
@ C I ) ' T | T "
= + - N o ' ' ' ' ' ' ' .
= 1 Hgna = 26204257 7 RS m g =5623.1x12 Z
7.00 § 25 N, =214218 > 140 [~ 322 —
’ - — comb2 ~ - —
0.4 7.81 % g\ N g = 48324 - E 120 - N, p = 48324 =
- Cexplcomb_fit1} = -0.005161 + 0.00052 = - - N,,= 1064 ]
6.75 § 20 = é 100 :_ Cexpicomb_fit2} = -0.003168 = 0.000395
-8 — g : 'Q — ]
= N Al _ 3 - 7
T 15k + —e— data — g 80F m
< N ~——— misid = O - -
0.3 A 7.79 6.50 @) B *\ . signal 7] — — (Eta —]
— \~ combinatorial - - — 5 —>pKuyy —
10 me i ol e o s B() - — signal 7
— e {1 - " combinatorial .
6.25 5 :_ f §+ _;
4‘# z
: 6.00 —
0.70 0.75 0.80 0.85 0.90 0.95 & 5000
BDT cut SE m(pK u+ p)[MeV/c?
5400 5600 5800 6000

m(prvp* f)[MeV/c?]

Expected number of events: 71 = 30

Piera Battista 22 15.05.2025



(N, — prup)

BNy — prdly( — pu)

Runi1 analysis

0.044 + 0.012 + 0.007

Run

0.041 £ 0.012 £ XXX

Run2”

0.045 + 0.005 £ XXX

e Run 2 blinded

* Run toys for the integrated BF

measurement

o Start thinking about systematic
uncertainties (mass window, fit

choice etc..)

Piera Battista

*Used expected number of events for Run2 computation with statistical error \/ N,

23

Task Run 1 Run 2
Tuples
Background studies
MVA
Fits & yields
Simulation corrections
Efficiencies
Toys
Systematics

xpected

15.05.2025



Thank you for your attention
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B2XMuMu stripping line for
B - K'(» K'n)u 'y,
w/o PID requirements on K

Variable Stripping value
0 2 1 5
Trigger RunI RunII gi;) \()f;/ll(“ < l(\(
— — ) Xip <16
LO LOMuonDecision_TOS LOMuonDecision_TOS BE,: DIIIRA S 0.9999
HLT1 frackALILO- TrackMVA By Xip > 121
TrackMuonDecision ). 1900 MeV < mpy < 7000 MeV
T T2 Topo(2,3,4)BodyBBDTDecision Topo(2,3,4)BodyDecision m 0 MeV < m.< 6200 MeV
TopoMu(2,3,4)BodyBBDTDecision | TopoMu(2,3,4)BodyDecision N 2, S
N \f-u/ ndf <12
Myt - < 7100 MeV
utpm i, /ndf <12
pwr,pu~ DLL,y > =3
pt,pu~ isMUON true*
tracks min x7p > 9
tracks ghost Prob <04
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: Target Selection DLL Selection ProbNN
Run 1 SeleCtlon Ag ENDVERTEX_CHI2 < 20 ENDVERTEX_CHI2 < 20 NOW
_ D PIDp > 0 ProbNN_p* (1-ProbNN_k) > 0.4
* Very tight PID cuts p (PIDp - PIDK) > 8 * Loosen PID cuts
s PIDK < -5 ProbNN_pi*(1-ProbNN k) > 0.4
* Proton PID v PT > 400 MeV PT > 40 Ve  Use simultaneous fit to fit
P > 2000 MeV P > 2000 MeV :
. PT > 400 MeV PT > 400 MeV pk misID
* all misID P P > 7500 MeV P > 7500 MeV
T, P isMuon = 0 isMuon = 0
7 ProbNNmu > 0.1 ProbNNmu > 0.1
Tareot Selection DLL Selection ProbNN
aree Region (MeV) Cut Region Cut
BY misID 5246-5330 pDLL,x >17 impo — m(prpp) Kk ep| < 30 p-ProbNN_p > p_ProbNN_k+ 0.5
0 : B p_ProbNN_p > p_ProbNN_pi+0.3
B double misID / / mpo = mpT ) pepr| < 059 & 7_ProbNN_pi > 7_ProbNN_k+0.3
0 .- B p-ProbNN_p > p_ProbNN_k-0.3
B misID 5348-5406 7DLL <-10 impo — m(p i) K K« mp| < OBo & 7_ProbllN pi > 7 ProbNN_k+0.3
: 5247-5329 m(PTU) weep > Mo — T Ro ,
7 misID 5348 5406 pDLL, >5 & M(PT i) e < Migo — O g0 p_ProbNN_p > p_ProbNN_pi+0.3
AU = pK misID | 55695660 | 7DLLx < —15 / ]
3 veto 7 7 () KK pn — Tig] > 12 ]
clones / / all O, p, > 0.0005 rad [p1 # po; pi € {p, 7, ut, =}
A, semileptonic / / m(PTuT )me > 2320 & m(prpT ) nk e pm > 2320 /
A — pr / / im(pm) —ma| > 5 /
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2 sk ]z Fh 1 Run2 (15-18) data
2o 3 2" 2 ok | after preselection
E600F 3 £ £ _
= = 600 | 4 <
S50 1 < 150 ]
S o ERNSI! I3
E E 400 |7 ] 100-_ -
300 | g i | i
200;— ‘ 200:— — 50:_ .
100 ; | Opening angle 9:
oL T L N R . obL¥ 1 L A R 0 P B L N R
0.000 0.005 0.010 0.015 0.020 0.000 0.005 0.010 0.015 0.020 0.000 0.005 0.010 0.015 0.020 B
d(pm-) frad i (pu*) frad ot p)fed | cos(Q(uT, pu7)) =
/@500__[ A L B B fg B L = ISR L A R LA - +\2 —
- = 1 b : pup(u™)
= L 1 Zsoof S 5 S
S 40 = f o= 1 _ [p(uH)p(u~)|
< <1250 F 1 £
= 300 [ 1 = 1 =
= = 1000 | 1 Z1500F -
O O [ ] O
200 L ] 750 F . i ]
- ] : 1000 | .
_ ] 500 F . : _
100:— . oF ] 500 F .
0-0.000' 005 00w 05 002 om0 005 00w 0 00w Y - —yT PYGERYT
Y~ ) /rad Y () /rad I(pp~)/rad
. Removing remaining clone tracks by requiring 4(z,, t,) > 0.5 mrad, esig(él > 0.5mrad) ~ 100 %
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A, semileptonic vetoes

Semileptonic: A, = A (= prr)uv, A, = A (= paK)uv

» Double semileptonic: A, — A ( — pauv)uv, A, - A ( — pKuv)uv
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24005 -
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A semileptonic vetoes

» Semileptonic: A, = A (= pam)uv, A\, = A (= paK)uv

» Double semileptonic: A, — A ( — pauv)uv, A, - A ( — pKuv)uv

This double semileptonic veto also cuts the single semileptonic
backgrounds A. = pzzrand A, — paK
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Candidates/(1.5MeV/c?)

Pull

e L1 ProbNNmu > 0.1 && L2 ProbNNmu > 0.1

20 g | = 5623.157 £0.038
n signa
18 | estsignal} = 19.999724 + 0.000018
|
(| Before cut = 228062026
1 i ‘
114 I = 15587 %029
14 EI N,, = 22.513 +0.083
12 Eg Cexp{cOmb_fit1} = -0.0030594 + 0.000Q1
10
8 g —eo— data
w1181
6 l e 5ignal
combinatorial
4 — fit E
, eV RINIG i
" e
0 [ IT T
5
0
-5 . R -
5200 5400 5600 5800 6000

m(prJp(— p* p))[MeV/c?]
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Candidates/(1.5MeV/c?)

Pull

18 F= I —]
- usianal = 5621.83 +0.39 .
16 :— Af-te r C Ut Opcptsignal} = 19.999987 = 0.000056—:
14 - N = 1375+13 -
e Nmisid..'! = 139.7+1.3 :
12 N, = 23.03 +0.58 —
Cexptcomb_fitl} = -0.0029209 = 0.0000Z]
10 —
~9- e -
g | -
8 4. —eo— data -
6 — | e i8] =
L . m— S1gnal -
4 = combinatorial T
C e s ] e —_
o) == ‘ l _
: .u - —
5
0
-5

5200

5600

5800 6000
m(pr JAp(— p* 1)) [MeV/c
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Klnematlc correctlons

Run?2

Piera Battista

Arbitrary units

007 +
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2D optimisation

Runt Run?2

- 7.75
7.50
—~ . 7.25
= =
3 2
o IS
a a 7.00
| I =
- = . =
¥ L. % e
= = 6.75
S 3
3 o
2 2
Q. Q.
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6.25
6.00
0.70 0.75 0.80 0.85 0.90 0.95 0.70 0.75 0.80 0.85 0.90 0.95
BDT cut
BDT cut
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N
Q
= _ LHCb _ 30
% 30 —— Data
> | , ] 25
% — Signal and bkg
s iy 4 o Ay prupw 20
§ """" Combinatorial 15
=
= 10 Part reco -
= 10
= _
O :
5500 6000 6500 7000
My, / (MeV/c?) 0
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Entries 2

B Mean 57

- Std Dev 36°

N i
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| i
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m(prup) [MeV]
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(abs(Lb_M0123_Subst2_p2K -5280)> 75 Il (Proton_ProbNNp_corr > Proton_ProbNNk_corr + 0.1))

© -
= 00T + c =-0.0017642 = 0.000085
2 - .
= - . . exp_yield = 3879 =+ 105
5 ¢ B~ contamination BO = 24.00+/-4.90% _ ;’ e 255 - 08
— L misi lela = +
v E A_b efficiency = 1.00 _ I—V_ e 1atn a8
- H T ign 1 = +
¢ —  BOfitted yield = 314.86781547202 sighal_yie *
400 f— - full fit
w00E- A, peak
abs(Lb_M0123_Subst2_p2K -5280) > 0 abs(Lb_MO0123_Subst2_p2K -5280) > 10 - ” - b p
g 700 .E— ¢ =-0.0017829 =+ 0.000089 5 e ;_ ¢ =-0.0024303 = 0.000091 200
£ = o frac_exp = 0.599 =0.014 2 ¢ = o frac_exp = 0.658 = 0.015
L% € :_ Contam|nat|0n BO = 2366+/'464°/0 frac_signal = 0.2201 = 0.0057 LQ>J E Contam|nat|0n BO = 1343+/‘264°/0 frac_signal = 0.2335 =+ 0.0062
= A_b efficiency = 1.00 £ ;— A_b efficiency = 0.97 100
g 400 E—
400 — - x
200 = 300~ &OO 5300 5400 5500 5600 5700 5800 5900 6000
= = Lb_M
ok 200
100 z— 100 = (abs(Lb_M0123_Subst2_p2K -5280)> 75 Il (Proton_ProbNNp_corr > Proton_ProbNNk_corr + 0.4))
&(IJ_O 6000 &CI)_O .5300. — .54I00. — .5500 .SGIOO. * .5700. — .58I00. — 5900 b 6’\(/J|00 — —
| | @ -
< 600 - c =-0.0028443 =+ 0.000097
abs(Lb_MO0123_Subst2_p2K -5280) > 30 (%) = . _
= — . . exp_yield = 3148 =+ 93
= 5 oS s E contamination BO = 11.32+/-2.41% |\ _p_: e 2014+ 83
T eo0f— =-0.0030005 = 0.000095 T = =-0.0034433 = 0.000100 - . - misid_yield = +
2 = tamination BO < 5.744/-1 13% :rac_exp= 0.718 =0.016 z . tamination BO = 2.004/-0.39% :rac_exp= 0.764 =0.016 WoE [ A_b efﬂC'ency = 098 I ] | y leld = 1353 40
& — contamination =5.744/-1.13% frac_signal = 0.2415 = 0.0066 R = contamination BO = 2.00+/-0.39% frac_signal = 0.2478 = 0.0069 e : : _ 0 signal_yield = +
= A_b efficiency = 0.94 4 - A_b efficiency = 0.92 — BO fltted yleld 1 53 1 0906766594
400 — - 400 p=——
of- e = . full fi
200 = f 300 — | u It
oF 3 = AT - A\, peak
- MNP DR B P e N abir ot - 2 Chedr smact - - P DR B P o il N H 200 T - - -
60 5300 5400 5500 5600 5700 5800 5900 6’8'00 £00 5300 5400 5500 5600 5700 5800 5900 L, 8000 ) e d r—y e ol 2 ] ‘
* 7 — I \
100 p—
abs(Lb_M0123_Subst2_p2K -5280) > 40 abs(Lb_M0123_Subst2_p2K -5280) > 50 - / \
s F s F - / \ A e
- C ¢ =-0.003758 = 0.00010 S s00f— ¢ =-0.003911 = 0.00011 PR T S T N TR SN TR TR ST SN pgy gy ) NS R NN SR SN SO S g [ iy Hislfwll z. 2 e ™ ol " " ™
R o , oo e 0792 2 0017 : . frac_exp = 0629 = 0.017 £500 5300 5400 5500 5600 5700 5800 5900 6000
L% - contamination BO = 1.20+/-0.24% frac_signal = 0.2515 = 0.0072 LQ>J - contamination BO = 0.89+/-0.17% frac_signal = 0.2510 = 0.0073 Lb_M
« = A_b efficiency = 0.89 “E A_b efficiency = 0.86
— %00 ;_ (abs(Lb_M0123_Subst2_p2K -5280)> 75 Il (Proton_ProbNNp_corr > Proton_ProbNNk_corr + 0.8))
t © -
= = ¢ =-0.003910 = 0.00011
= £ 500 o exp_yield = 2987 = 82
et . S = = : “"E° contamination BO = 1.22+/-0.40% p_yiel
&0 5300 5400 5500 5600 5700 5800 5900 L 5000 oo 5300 5400 5500 5600 5700 5800 5900 L, 000 ) - misid_yield = 960 =+ 66
- - ~ A_b efficiency = 0.90 o v 1272 2 40
abs(Lb_M0123_Subst2_p2K -5280) > 60 abs(Lb_MO0123_Subst2_p2K -5280) > 70 — BO fitted yleld 15.518220373801@¢4
© = © 500 '_— =
2 soof A ¢ =-0.004054 = 0.00011 T = A ¢ =-0.004128 = 0.00011 —
2 = " frac_exp = 0.867 = 0.016 2 C | frac_exp = 0.902 = 0.016 300 p— .
L% 4 — Contamination BO = 055+/'01 1 o/o frac_signal = 0.2513 = 0.0075 LG>J 4 __ Contamination BO = 048+/'009°/0 frac_signal = 0.2499 = 0.0077 : — fu I | flt
- A_b efficiency = 0.83 C A_b efficiency = 0.80 —
300 f— | 300~ | ~
- - L 200 A peak
200 S 200y 3 ‘ b
- 3 - "!" I - R N 1
— "!" S e : '.}' ~L ‘
100:— % 1 | i iy 3 i | 1 190
- L i ! & = Hedh 1 N\
. ‘ e e il et . = ‘ finh iSSPkt s ks = 2 ot
&00 5300 5400 5500 5600 5700 5800 5900 b 6'\9'00 @200 5300 5400 5500 5600 5700 5800 5900 b 6’\(/J|00 2 . . .
- - &OO 5300 5400 5500 5600 5700 5800 5900 6000

Lb_M

Piera Battista 34 15.05.2025



A} decay

D" decay Comment

Process

Description

A} — pDn
Ag o pD”?T

A) — pDuv,
A) — pD v,

D’ - o nt
D —» nuty,
DY — r—xt
DP — n—pty,

Double pion MisID
Semileptonic With pion misID
Semileptonic With pion misID

Double semileptonic

close to m(D")PDG

below m(D")PDG

close to m(D")PDG
Below m(D")PDG

aaksaoi_ h

20—

10—

i 831
Mean 1602
Std Dev  830.7

|||||||

DO: m(rru) in pruu data,

Piera Battista
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Mode
Bg) — ity

BY - KnJly single
misiD

BY — KnJ/w double
misID

B, —» KnJ/y single
misiD

B, = KznJ/y double
misiD

part reco 05 4
B, - ¢( = KK)J/y

B, - KKJly

Vetoed

Vetoed
Vetoed

Not significant

Not significant

Not significant
Vetoed

Not significant

15.05.2025



Pion cut decision

» Only preselection and triggers applied

|

600
500 Runt
400

300

- « PID > 03, eff_pK =0.09, eff_sig =0.96

PID > 0.1, eff_pK =0.18, eff_sig =0.99

PID > 02, eff_ pK =0.13, eff_sig =097

PID > 0.4, eff pK =007, eff_sig =095

PID > 0.5, eff_pK =0.05, eff_sig =0.93

PID > 0.8, eff pK =0.02, eff_sig = 0.85
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w PID > 03, eff_pK =005, eff_sig =0.97

PID > 0.1, eff_pK =0.09, eff_sig =0.99

PID > 0.2, eff_ pK =007, eff_sig =098

PID > 0.4 eff pK =004, eff_sig =095

PID > 0.5, eff pK =0.03, eff_sig =0.94

PID > 0.8, eff pK =001, eff_sig = 0.87
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