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The Bt - m u*p™ decay

e Flavour Changing Neutral Current (b — dl*17)
e More suppressed than b — st~ (|V,q/Vis|? = 1/22)
— Search for New Physics

u u e First observed in 2012 at LHCb
B¥ - T  [HEP12(2012)125]

e Analysis with Run 1 dataset in 2014

*~Y‘f_+x0 - [LHCb-ANA-2014-092]
Z7, . g -
—> No significant deviations from

Standard Model predictions

S
SH
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https://link.springer.com/article/10.1007/JHEP12(2012)125
https://cds.cern.ch/record/1965966

Analysis strategy

e Measurement of B(BY » n u*tu ) viaB*Y - J/Y (- utu )n*

(Control channel)

B(BYorntutu™) _ Nmuu [ Ej/ym . ot
B(BY-j/yYnt) Njjpr Empp BPDG(]/l/) HHu )

e Yield measurement

* Background rejection
* Fit
» Efficiency calculation

e Data-simulation agreement

- Determination of B(B™ » nFu*u™)
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e Complete LHCb Run 1 dataset (3 fb~1)
e Trigger & Stripping

Backgrounds
e Physical peaking background

» Misidentifications (Mis-I1D) . . .
B* - K*utu- (K+ - n) _ Kinematic selection

» Partially reconstruction (part. reco.) | PID requirement
BO —>ﬁ/_7'[+,u+,u_
e Combinatorial background

. Random tracks — Multivariate classifier
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Charmonium veto

Signal reglon # candidates

5000 5500 6000 6500 7000
Data: Trigger & kinematic selection applied My [MeV/C ]
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Charmonium veto

# candidates

5000 5500 6000

Data: Trigger & kinematic selection applied
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PID selection

e Main mis-ID background: BT > KTutu~™ (K™ - ™)
« Comparison of DLLg,; (old analysis) and ProbNNy performance
» Corrected simulation (via PID resampling)

T 0.08§—— B'—ntu R e : 8?“‘ — B'smrutu
2 0.075+ B"— K'uruw o m 0 65_5 —+ B'— K'uru
© = + + e = - + +
§8'825—+B—>J/\PK S . o05;—; B Jy K
£ 0.04- R = | T045 .
0.03 o e 0.3~ }
0.02- - - o 0.2-
0.01- T 4o 0.1 i .
e t™ T L et el ] S T eI
—900—80 60 40 -20 O 20 40 010203040506070809 1
DLL, (") ProbNN, (r*)

- Use ProbNNy requirement (better performance)
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Multivariate classifier

e Combinatorial background reduction
e Boosted Decision Tree (BDT), TMVA software
e Trained on Run 1 dataset

. Trigger & preselected %’ ”
» Background proxy: 5

* Upper-mass sideband 20
« Signal proxy: 15

e Control channel (q2 require.) 1o
« B*- ]/ constrained mass
* sWeighted

| \ 1 ! ! ‘ ! J L
5000 5500 6000 6500 7000

e Improve configuration My MeV/C?
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BDT

e BDT cut optimised for signal significance

Data: Trigger, kinematic & PID selection + BDT cut applied # candidates

— 30 Y = =
o - = - -
3 o5 § AT - i

(.2. i - oL T B _ _ — 10°
T = ol - T " - - =
2005,y AT N .
X . i

15 = 1o
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Determination of the yields — control channel

CB, mean_bd2JpsiPi = 5283.17 + 0.17 MeV/c
CB,, width_control = 21.90 +0.35 MeV/c?
CB,, width_control = 14.98 + 0.41 MeV/c?
Exponential, A = -0.001277 +0.00011 c*/MeV
N, combinatorial = 5109 + 151

N, mis-ID (K—n) = 6304 + 150

N, part. reco. = 11385 +157

N, signal = 22016 + 179

frac. B’—p%u*p’ = 0.526 +0.018

e BT -» J/Y ™ data

« Complete selection
applied

— — = Signal
Mis-ID (KT - ™)

._._BO_)pOH+‘u_ 0E L _ A " !
BO fo.ll +.U_ “5100 5200 5300 5400 BEOO 5600 B700 5300 5900 6000
- 7 7 Dg My (MeV/c?)
---------- Comb. background 2 3F El
- 5 {
g gg MR 1{{} *{II*H[*} “”{*mnlmlm bt UL PTRE
- ]
— + 5100 5200 5300 5400 5500 5600 5700 '58’0'0' '5'9'0'0' 6000
Njjpn =22916 +179 50 69

— Fix width of signal model
— Fix ratio between part. reco.
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Determination of the yields — sighal channel

+ - c;];‘ Exponential, A = -0.001772 + 0.00038 c*/MeV
i == N, combinatorial = 377 +40
o B — 1T ‘Ll ‘Ll data % N, mis-ID (K—7) = 64 +16
) = N, part. Reco. = 194 + 27
« Complete selection © N, signal = 107 + 14
applied =
— — = Signal 2
Mis-ID (K* » ™
( ) ) .. ;’ \\-- i 1-—T~ T‘[".L.L 14‘11 T 1 _L'-L_LT I T
— — — Part. reconstructed 0 - R L A 5 =
5100 5200 5300 5400 5500 5600 5700 5800 5900 sooo
.......... Comb. background My (MeV/c?)
—_— % 2%2
Nn,uu_lo7i14 a og ]{}]{}HHHI{H H{H][l H{H}IIHHIlHHIHIJHH[Hl
: : 2 Ut Y Ay
Previous analysis: 5100 5200 5300 5400 5500 5600 5700 5800 59(?\”0 w6900
‘.I'I:I.I.I.I. e G
Ny = 92 411

— Calculate efficiencies
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e Corrected simulated samples Efficiency [%] | BT = 7t | B = Jjb (it )nt
 gon 16.480 £ 0.033 | 16.165 = 0.030
» PID resampled € striplreco 19.61 + 0.04 20.343 4 0.025
, Euriager 76.85 % 0.09 76.57 4 0.06
« Reweighted (nTracks & pr(B™)) |-,.., 67.21 +0.12 69.27 + 0.07
o 72.85 + 0.14 ||[ 99.9822 + 0.0025
cBDT 58.10 & 0.18 69.22 & 0.09
T =5el 4.287 + 0.020 7.466 + 0.016
e Uncertainties: Cror 0.706 =+ 0.004 1.207 + 0.003

» Stat.: Finite sample size
o Syst.: Data-simulation differences

E
J/PT_ 1709 4 0.010(stat) + 0.031(syst)
fmup
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Relative branching fraction

BB ontutu™) _ Nmup | éj/ym S pyty) =
B(Bt->J/Yyn™) N]/l/JTC Emrup BPDG(]/IIJ H U )

(4.755 + 0.623(stat) + 0.090(syst) + 0.026(norm)) x 10~*

Absolute branching fraction

B(BT »nrutuT) =

BB TontutuT) + +Y —

(19.496 + 2.555(stat) + 0.370(syst) + 1.905(norm)) x 10~

e Previous analysis: [LHCb-ANA-2014-092]
(18.337 + 2.270(stat) + 0.435(syst)) x 107°

e Standard model prediction: [Phys. Rev. Lett. 115 (2015) no.15,152002]
By (BT > ntutu™) = (204 +2.1) x 107°
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https://cds.cern.ch/record/1965966
https://arxiv.org/abs/1507.01618

Conclusion and outlook

e Selectionof BT -» wtu™u~ improved

« New PID requirement
» BDT performance improved

e Measurement of relative & absolute branching fraction
e Good agreement with previous analysis & SM predictions

Outlook

e Analysis of LHCb Run 2 datasets
e Improve measurement of |V;q/ Vs

12 via 28 o RT )
B(BT->KTutu™)
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Thank you
for your attention!
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Standard Model predictions

* LHCb APR13 ¥ HKRIS5 @ FNAL/MILCIS
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https://cds.cern.ch/record/2048427

Selection

06.10.17

I. Physikalisches Institut B

Candidate Requirement Candidate | Stage Trigger line
BT 4900 < mg+ - < 7000 l—'Ie‘-{fcg Jh LO MuonDecisionTOS
end vertex y?/ndf < 8.0 DiMuonDecisionTO0S
Y& < 16.0 B~ HLT1 TrackMuonDecisionTOS
DIRA > 0.9999 (best PV) TrackA11LODecisionT0S
flight distance y? > 121.0 HLT2 Topo2BodyBBDTDecisionT0S
T track GhostProb < 0.35 Topo3BodyBBDTDecisionTOS
min %, > 6.0 TopoMu2BodyBBDTDecisionTOS
hasRICH = True TopoMu3BodyBBDTDecisionT0S
T end vertex y?/ndf < 12.0 DiMuonDetachedDecisionTOS
DIRA } —0.9 | Candidate Requirement Candidate Requirement
fhght distance 1_2 } %’D T isMuonLoose = False T ProbNNg < 0.04
— Myt p- < 7‘10[} ME‘J*"{C“. _ inAccMuon = True o ProbNN,, > 0.2
o, trz.a,ck glhostPr::»b < .35 pr > 300 MéV/e ProbNNx < 0.4
min xip > 9.0 BF pr > 300 MeV/c
_DLL#”" >—3.0 pt, o pr > 300 MeV/e
isMuon = True .
Detector SPDHits — 600 Signal channel | Control channel
Resonance Veto Candidate Requirement
Jh 8 < ¢° < 11GeVé/ Jh 8 < q° < 11GeV¥/c"
P(25) 12.5 < ¢° < 15GeV?/c?

Hendrik Jage
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Decay Event type  Configuration Stripping  Ngen
BT mtutus 12113024 PvyTHIA8 Sim08e Stripping20 1M _
B+ — Jjb (utp~)m+ | 12143010  PyTHIA8SimO08a Stripping20 25M  Signal
BT — Kt | 12113001 PyTHIA8Sim08a  Stripping20 0.5M
BT — Jib(pTp”)KT | 12143001 PyTHIA8Sim08e Stripping20  4M
B — ptum K*0 11114001  PyTHIA8 51m08b  Stripping20 0.5M B3 ckground
BT s ntr ot 12103007 PyTHIA8 Sim08b  Stripping20  2M
B — put 11114022  PyTHIA8 Sim09b  Stripping21  2M
BY— foutpu~ 13114011 PyTHIA8 Sim09b Stripping21  2M

e Selection

« Optimise vetos
e Branching fraction

o Fit model

« Efficiency calculation: i
Empuu
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Data-Simulation correction - resampling

e PID variables poorly simulated -> resampling Comparison: B — J /i *
_ - Simulati
e Generating new PID values Data (sWeighted)
) ] ] ] ] Trigger & kinematic selected
+ Distribution p from calibration data normalised Control channel g2 veto
« Shape modelled with Meerkat 0.03—— sWeighted data H
- 0.025 | |ati J[ iﬂ' H
« Depending on p, p7 and nTracks 0.02 simufation n {ﬁ} J[J[ Jﬂr
"~¥&| —— corrected simulation | HW L
- p(PID|p, pr, nTracks) 0.015 b 3
0.01 1
0.005 %
0 A R T N T SO NN AN SO TR R NN SO S N S SR B! I:%E?%“
-100 80 -60 40 -20 0
[LHCb-INT-2017-007] DLL,_(r*)
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https://svnweb.cern.ch/cern/wsvn/lhcbdocs/Notes/INT/2017/007/drafts/LHCb-INT-2017-007_v0r0.pdf

PID selection

: lised
e PID variables: 08: T T
0.7 G
i i : 0.6 —+ B> K'utu
« Delta Log Likelihood variables (DLLy;) 08 B K
« Pseudo-probabilities, neural net (ProbNNy) g-g; .
e Previous analysis: Both types %21
.. . . ;m% | | w ‘.‘.‘I‘...IHHIH\PT’T"{‘_T
e KT — T misidentification 0.10.20.30.4 05 0.6 0.7 0.8 09 1
. normalised ProbNN, (")
e Comparison: 0.08 — Bomuw o
] 0072_ B+ K+ P ™ = "
» Resampled simulated samples: o.oei BZ Jh:f +l<l T .
_ 0.05= L N
 Signal: BY » ttptu~ ] 0.04- Ea . -
e Background: BT — Ktutu~| Signal ¢~ veto 8:82% o .. )
B+ ﬁ K+ } 0-013 ) |H|J—J\JN| IR B R R L;..n..*l’:\-‘\ |H|1H7”H—I IR !
. . . I7¥ 966780 60 40 26" 0 20 40
o Trigger & kinematical selected DLL,(n*)
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PID selection

normalised

00000000

OO0 OOOO
—O_LI\JOO-IE-O'IO?\IOO

;__ Bt TR *?* = o 0 7§ L B+_>n+u+u-
Bk TS T [S0e B Kuw
L BoJyK | - 8T T JEgs B> Jy K
3 R - 504
: | 03 ’
F o025
3 - i 0.1 -
ST N TR R PO et N B = R ERE TR Tt it
—100 -80 60 —40 20 0 20 40 0.10.20.304 0506070809 1
DLL, (%) ProbNN, (7*)

Decay DLLy,(77) < —3 ProbNNg(x') < 0.04

BT =ty cue/% | 79.903 % 0.130 30.646 =+ 0.123

BY— Kt ore/ % [98.573 £ 0.056 08.902 £ 0.049

BY— JW(u T )KY Fue/% [ 98.555 4 0.016 08.929 + 0.014

- Use ProbNNy requirement
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Data-Simulation correction - reweighting

. . b — o F
e Difference in detector occupancy g 08 —+ Data
n 0250, ey —— Simulation
and B™ transverse momentum So02 .7
_ : 0.5 e
e BY - J/Y (uTu~)m™ comparison 04 G
« Control channel data 000 e
. . 04000 8000 12000 16000 20000
» Simulation p.(B%) [MeV/c]
: , x10~
» Complete selection & g* requirement Bo7E e | Data
=060 - g, mulati
e Binned weights: w; = Ndata £05- -0 Ty L Simddater
Nsim 504 -4 Sy
. . 03:_ 3 T
e Reweighting nTracks and p(B™): 02 ") g
0.1~ T
0="50 7100 150 200 250 300 350 400

W = WnTracks * WprH
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Data-Simulation correction - reweighted

e BY - J/Y (utu~)m* comparison
» Control channel data

» Simulation (before & after reweighting)
» Complete selection & g* requirement

E 0. 04§: }H‘H —1— sWeighted data E 0-04;: “*% T data
& SIS —+— simulation © APy —}— simulation
E -“'“% £0.03- ¢
O O_OSZ—H ’%_ —1— corrected simulation o TTYE Ly *&i}% —4— corrected simulation
:_ —_ % i
== = = h .
i L B
0.01 0.01 .. N,
Oi—ll o TE II ._ " I, _E._m:m| L L ITHML A
5000 10000 15000 20000 25000 SOQOO 00 100 200 300 400 500 600
p_(B") [MeV/c] nTracks
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sWeighting

e Apply sPlot technique on signal proxy:

[arXiv:physics/0402083]

« Control variables: BDT input variables
« Discriminating variable: B*- J /1 constrained mass - Fit (RooFit)

— Signal: crystal ball with lower-mass tail
— Combinatorial background: exponential function

«. 6000 CB tail power (n) = 5.7 +1.2 i = Nyrg = 6560 £330
g - CB tail tum-on (o)) = 1.279 +0.060 L 600F L1 __L_ 1 Ny, = 30782 + 373
[4)] 5000 [ CB, mean = 5280.981 + 0.087 MeV/c’ % E _____ H
= - CB, width = 9.743 + 0.091 MeV/c? S 500
; 40 00 ;_ NE)(B:’.:}:nesr;'rtlaang;r 1;8-2.002001 6 + 0.000063 c2MeV g 400 E_
g 30003_ Ng, = 33281 +334 E 300E-
[0)] — —— —
LTI 2000~ _ T 200, T '
10005%‘1"_“"%*}; < - 100" e
- : l" e et B L L
500 5250 5300 5350 5400 5450 5500 5550 5600 5260 5265 6270 5275 6280 5285 529(?11 ;529E5M9V12%00
(M) (MeV/c?) AT
2 = f 0 3
S 4E ! = { 1 } ] 1 l }
a = ooy i i Py by > fodit bt { ottt
i HURNRE RN W It g gtylitaht & ; gt {m}” P ”}{”}HH}WH{I}HNH{i 1}1“1 :
5200 5250 5300 5350 5400 5450 5500 5550 5900 5060 065 5270  E075 5280 5285 5500 EDOE 5900
(mmm_)y (MeV/c%) (mmm')df (MeV/c?)
Higher upper (¥ u*u™); sy limit: Fix parameters Signal proxy: Fit to calculate sWeights
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https://arxiv.org/abs/physics/0402083

sWeighting

e Broad distribution T anal brosy
-> Large uncertainties: o, = [N, w? iﬂﬂﬁé_
o sWeightdepend on corr(Ng;,, Np,)
e Used during BDT training ) s
x10° 35000E -
e {%ﬁi EW 3"”““?‘ Higher upper (t*u*u™); sy limit

0_25;— %}{; % 2500:];—
0.2F 4 20000

[J_‘|5§_:f:fm ﬁﬂm 15[)0!];—

- TEFM 10000
- e -

0.1 g 5000 J
E[_" ﬂ:"fqg ﬂ:| |J-LI|1_'|\V——F N T TS S T N S S e

L
0.05¢ pi= =B 02 0 02 04 06 08 1 12
n o

sWeight

_I 11 | 1 11 | | I 11 1 | 11 | I | I | 11 1 | 11 1 I 1 o ——  — |I- T
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
p_(B)
T
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BDT

. c 1

e kFolding, k = 6: s b

« 4/6: Training go'gg%

o 1/6: Testing & Optimisation %0-999

« 1/6: Application B 0.9985
e Classifier: Adaboost 0.998 TE— A S— N
e Performance N - D N S

» Configuration options 0,997 == o s 2 on o B S Y S

-Signal efficiency

 Input variables: Kinematic variables

 ROC curves: - -> use Ada_Min5_D3_ N800 New
-B est p € rfo rmance (Ad a_Min [MinNodeSize]_D [MaXDepth]_N [nTrees] )
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BDT

TMVA overtraining check for classifier: Ada_Min5_D3_N800

- - . § 455|igll1allttelsts'l.an¥plé} L I-sligrllal itra‘inilngIsaulﬂpie}iI ‘ _E
® Optlmlsatlon E '4Background(testsample) -Background[trainingsample]é
» Signal & background yields in signal region s
-> maximise significance
= BDT variable > 0.15
1 11 . o - OAda_Mi:.ﬁz_IDS_NBI';; respongj:
. Relatlve efﬂClency. . Data:Trigger, kinematic & PID selected __ 30t BDT cut applied i
_ e g T o g
L gSlg _— 58-10% % %10“ ‘% 251 - . - %104
. . O, O, 201 i ':-'- i ) S
(simulated signal) <« gc v o Vmma . 5
15 e oo
] gBkg — 9991% ° 10 . . - i--: : ’
(background proxy) P LT
%000 5500 6000 6500 7000 000 5500 6000 6500 7000
My MEV/C?] My MEV/C?]
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BDT - variables

Candidate Variable Candidate Variable

BF pT. Xip | Bt DT, \ip
end vertex 12 end vertex \2
flight distance 12 flight distance 12
isolation BDT Hard 1st DIRA

— . 2 '

t PT, Xip mt PT. Xip
track \?/ndf T PT, \ip

o PT, Xip
track \?/ndf
‘ppﬁ' — Pu- ‘
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BDT - optimisation

Quantity Value
N 34478 £+ 346

S = €s°S — (69.7 = 0.3)%

B(B+—sm+utpu—) L _3
\/ES'S+EB'B B(B+—Jibm+)B(Jhp —putpu—) (82 — 12} x 10
A 107 £ 28

e Maximise significance

‘ntutpu-  BgyBFTontutuT)
= X
S £ /wmt Bppg(BT=J/Yy(=utu)nt) N]/¢n+

5000 Exponential, 2 = -0.0009373 +0.000014 c*/MeV o, 3500 CB tail power (n) = 5.7

% 4200 é__ “ P 1 2 E 3000 g ﬂ-ﬁ EE s turl;ir;!{;;}; 1—?} 21 MeVic?
e § - j§
2 3000 - _ & 2000 — A S 3’; Na|:= 33808 + 374
2500 é— % el . 1500 = mﬂ; ;\% |
= e e \\\\
1000%— % MM . é__ :%\\\‘mw ottty
B \ W 500 = I \§ \ [ - - et g gt g rprasainlE]
hugunzo ' 'szluum' 7T R N 'aniaa' e E e 000 é‘gg':o"' lk;’gul & 5300\ i e 250" T e O
m,.,.. (MeVic?) i m,.,.. (MeV/c)
| o bl N | |
; b RN 1 Ry | |
g U R 1 T I g g i 1 IHIHI b
00 5200 5400 5600 5200 5000 5200 5400 6800 5200 7000 555 e =300 5350 5400 5450 5500 5550 5500
My (MeVIc?) My (MEV/C?)
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BDT - kFolding

MVA_Ada_Min5_D3_N800_B

\
i
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2.5
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0.5
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Physical backgrounds

BT > J/Y(uru )m™
BT = J/Y (uTu )K™

Double Mis-ID:

(nt > ut & ut->n
(Ktf»ut & pt - n

e Resonant decays bypass g2 veto

->Reconstruct J /1 mass:

06.10.17

1600
1400
1200
1000
800
600
400

200F

5
Corrected, truthmatched B* — J /1 K* simulation
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| = -
C bl T p— | kg | o 111 L Ly
00 2800 2900 3000 3100 3200 3300 3400 3500

My re—spr¥)

2 2
2 Eu‘ n \/ my + Pr+
m°_ —
u(mtout) B, ;
| \[FH Pr+
1000:— isha it
: ﬁ%**“"?“f” i
8001 iﬁﬂ' L e
B 'H'*'I*H B
ﬁuo_;&q; .
400;— ié%
200 T
- *
Aod 250050005800~ —4000 " 4300
My

Signal channel data

B* o> mhutp

Hendrik Jage
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Physical backgrounds — expected yields

e Probability of Mis-ID AND pass selection (p¢y¢)
» simulated samples (truthmatched & corrected)

. (¢ Example for BT » KTutu™)
Nexp — 2('1:20110-1915,2011 + L20120b5,2012) ) fu L: integrated luminosity
X - B BT - Ktutu~ Op5: bb production cross section

Ptot PDG( H K ) fx, X € {u,d, s}: fragmentation fraction
Decay Nezp
BY= Ji () K+ <15+15 e Significant backgrounds:
BT — Jho(utp)m < 0.09 £ 0.09 : + .
BT — I‘iﬂr;.{_ﬁ._ 27.5+ 5.0 o Mis-ID (K™ - 7™):
B* — mta at <0.8+08 « Part. reconstructed: BY — p"utu”
B KK+t )utpu~ <0214+0.21 0 0 4+ —
B ()t 27.3+7.9 Bs — f u u
BY— fO(mnt)utu 30.1+7.7 . - -

2 T - - include in fit model
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Rejection efficiencies

Decay Incorrect reconstruction
BT — Jhp (=) KT K+ — 7t

K™ — pu" AND p™ — o
BT — Jhp(prp~)wt T ot

BT — Ktutu~ K+ — ot
BT ata a™" T — put AND m — p BT aia B pNm aNupu | B — fi(n a )u
B KK+ )utu~ K o pt T s - r
_ . Egen/ % 17.000 + 0.197 1; 715 + 0.041 15.480 + 0.057
- AND K+ — 7™ ! or | o 1 i
) 0 - Pstripireco/% | (3.06 £ 1.2) x 10~ 548 4+ 0.017 1.926 + 0.015
B = p'(m 7 ) ' Eprigger] % - 0 82+ 0.08 9.91 =+ 0.10
BE — fD (ﬂ'_ *;T_:];J‘l‘]u_ '}a"_ fpi..i_:m_:ilf'{_'f{ - 32.05 £0.14 32.13 £ 0.16
' g% . 33.79 +0.17 35.70 £ 0.19
Eppr/% - 48.50 + 0.22 41.97 +0.25
Prot | <(RE8)x10° 0.2150 + 0.0014 0.1740 + 0.0013
BT — J(ptp ) KT BY— Jip(ptp ot B KK+« ‘J;ﬁ,u BY— Ktptu
Kt — 7t Kt —sput &put —at Tt e pt K &Kt ot K™ —
Egen/ e 16.660 £ 0.048 16.660 & 0.048 16.165 + 0.030 Egen |Vt 16.411 +0.052 16.411 + 0.052 16.980 + 0.062
Patripireco/ %6 10 743 + 0.020 0.2461 + 0.0025 0.1055 = 0.0020 pstripireco/% | (3.5 +0.8) x 107%  (5+3) x 101 10.40 + 0.05
g % 25.07 + 0.05 36.4+0.5 28.2+0.9 E /% 00 + 7 ] 27.15 + 0.14
~irigger/ "' -!Hr;f,lr:l
Epresel/ T 99.051 + 0.013 99.95 + 0.03 99.92 + 0.07 Epresel | % 68 + 35 _ 99.02 + 0.04
£.2 /% 09.990 + 0.013 33+ 26 - £ 2 /% _ ; 202+1.7
g2/ 7t -
8D .fr’{ _ Eppr /% _ - 450+ 2.2
Prot/ %t <(4x4)x107° < (4+£4)x107° < (6+6) x 107" Prot | % <(3+£3)x10° < (3£3)x10°](80.0+54) x 10 °
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Expected yields

Efficiency [%] BT—atutuy” | BT — J/ (u+u_)7r+ Quantity Value

€ gen 16.480 + 0.033 16.165 = 0.030 La011 (978.6 £0.6) x 10~ * fb~"

E striplreco 19.61 4 0.04 20.343 £ 0.025 L2012 (1990.9 £0.7) x 10~* fb™

Etrigger 76.85 = 0.09 76.57 = 0.06 T 2011 288 £ 48 ub

€ presel 67.21 +0.12 69.27 + 0.07 72012 éiifﬁéﬂ 1““

Eq2 72.85+£0.14 | 99.9822 4 0.0025 o 115+ 1.3%

EBDT 58.10 £ 0.18 69.22 £+ 0.09 B(BT— Jhbnt) (4.1£0.4) x 1075

3 4.287 £ 0.020 7.466 + 0.016 B(Bt— JAK')  (1.02440.035) x 107*

Erot 0.706 =+ 0.004 1.207 & 0.003 B(B*— K+u*tp~) (5.0940.63) x 1077
B(B'— K*u*p~) (1.1140.16) x 10-°
B(B*— nta~wt)  (1.5240.06) x 10~°
B(J/W — ptp~)  (5.961 % 0.033) x 102
B(B"— pputp~)  (2.11£0.56) x 1078
B(B'— f'utp=) (8.6£1.8)x1078

Nexp — 2(/320110195,2011 + L20120b5,2012) * fu X Dot BPDG(B+ - K utu™)

06.10.17 . Physikalisches Institut B Hendrik Jage = BT - wtptu-



Efficiency calculation

N,ig = Number of signal events before cutting
Msig = Number of signal events after cutting
_ Nsig . o . fsig[]- - E:;igj

Eﬁi.g AT ? s AT
-"\" sig = J\'sig

Nirg = Number of background events before cutting

in [

Number of background events after cutting

T I‘b.ﬁcg

Nprg — Mg 2 _ hke (1 — Fpke)

=bkg = Ebkg '\-—b}h
Nbkg

Niig

After reweighting:

Neim = E w, M, = {simulated events before applying the veto}

Mgim

Nsig = E w, Mgim = {remaining events after applying the veto}
M aim

- _ sig 2 = Esig(1 — Eaig)

=sig T ar Esig AT
N sim s N stm

Npkg = E w, Msim = {events rejected by the veto}
M aim

~ _ Tk 2 = Ebkg(l — Ebkg)

~bkg — F7 ? Ehke AT
Jnl"sim " "\"-Si:m
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Determination of the yields — Fit model

- . - + +
e Signal model: e Mis-ID(K™ - m™)
» Double crystal ball » Crystal ball
+ + o - + + o -
« BT = J/Y ™ simulation « BT = J/Y K™ simulation
« Fix tail parameters & CB fraction » Fix all parameters
—_ = _ 0. c:_"' — CB, = 5220.07 +0.78 MeV/c?
Y 45000F o M = ce, i pover n) = 1.46 =015
> 40000 =- CB, tail power (n) = 228 +0.12 o 400:- CB, tail turn-on () = 0.956 +0.068
= 35000;_ CB, tail turn-on (o) = 1.865 +0.060 = 350 CB, width = 23.30 + 0.57 MeV/c?
©  30000EF CB, width = 13.81 +0.15 MeV/c? © 300E-
8 250005_ CB,, tail power (n) = 2.80 +0.18 3 =
- g CB,, tail turn-on (o) = -2.1881 + 0.051 ~ 250 =
@ 20000 CB,, Width = 21.16 +0.38 MeV/c? 2 200E-
c = c =
o 15000= @ 150E—
@ 100005 TR
= 100E-
5008; \ 50E;
S T [ S S S S S T S TSN S N S S S T T S S M T SRS S T SN SR T TR SR R Tk, " A WU UPTS T S ST U FUUTTUUT SUT AP OOty URUT TN WA SST Ut SURT FUUT TN AUV AoT ST VU TN v
5100 5200 5300 5400 5500 5600 5700 5800 5900 6900 0 51|00 52|00 5300 5400 55[00 56L00 5700 5800 59100 6000
M- (MeV/c?) My (MEV/C?)
L7}]
> | pptid ¥ bty SR T T IOt T TUTTUURUR S iy } e e e,
5100 5200 5300 5400 5500 5600 5700 5800 5900 6900 5100 5200 5300 5400 5500 5600 5700 5800 5900 6900
My (MeV/c®) My, (MeV/c?)
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Determination of the yields — Fit model

e Partially reconstructed background: RooKeysPdf
B? - p°utu~

Sy
o

\J
‘\'\
o
=
4
tl

S
2 4004 Y 5005 1t
> > POHL
o 350F o By
s> UE =
© 800 = 250 .
> 2505 @ 200 !
2 2005 2 150 t
S 150 c E
@ 100E- G 100E k
50~ 50— *
OE: — STy etttk bodessedesesesesie bbbttt deaonieorc ottt bbb
5100 5200 5300 5400 5500 5600 5700 5800 5900 6000 05700 8200 5300 5400 55O BBGO 5760 B8O 56O 6000
My (MeV/c?) Mo (MeV/C?)
o 2 o 2
= o b e 2 I
> _Sgu 1“} g 0 {1“}{{1”{{[} {“H{...H ................................................. Lo,
5100 5200 5300 5400 5500 5600 5700 5800 5900 6900 5100 5200 5300 5400 5500 5600 5700 5800 5900 6900
- (MeV/c?) o (MeV/c)

e Combinatorial background.

+ Exponential function with free parameter
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Control channel fit

{bj — — = Signal
D 108 Mis-ID (K* - ™)
= — . _ . _ npo 0 —
= - B® - p°utyu
I - == B¢ - foutyu”
PR [Vl = W R [T Comb. background
= = bt 4 A ot
L%) B ‘l" +TT *T'_{_ + + 1 ﬁ_{_&?
10 = ‘
~ 100 E200 5300 5400 500 5800 5700 2800 800 8000
Moy (MeV/c?)
s 3& THIRLNR L RPN Cor A b b B R
T _g {{1{ gt {}} }{1 HpHHEE g g T B T
5100"5200"5300"5400"5500"5600"5700"5800"5900"'goo
m..,- (MeV/c?)
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