Search for lepton flavor violating decay

T~ —>en



movition

* Processes with Lepton Flavor Violation (LFV) provide some of the most promising searches
for physics beyond the Standard Model (SM).

 The semileptonic t decays provide another good source of information about possible LFV

mechanisms from supersymmetry (SUSY) motivated models to models with heavy Dirac
neutrinos.

* Previously studied by Belle with a data sample of 401 fb~1.So far,they have collected
426.5 fb data sample at Belle Il and we can update this mode.



MC sample

. Signal side '\\_.:7 .

.~ Generic MC:

Tag side T = v, v, , evpvy mv; * MC14ri_d skimed (taupair,qgbar):5ab™1
Signal side:t = en’, n’ — n"‘n_n(—) 129 « MC14rd_c/d/e(taupair.qgbar):824.85 fb~1
light-2212-foldex * MC15ri_b(taupair,qgbar):1 ab™*

Sighal MC:

Toy data (fb™1) | Rest MC(fb™1)
TAULA Belle, 5000000x 2 MC14ri d 0 5000
e 77 - e~ 15000000 MC14rd_c/d/e 0 824.85
MC15ri_b 426.505 573.795
« 77 - e*n’ 5000000 as background
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Pre-event selection

Charged tracks PID Event

Tag side . . . ,
+ dr<1.0cm | |dz|<3.0cm 9 For signal side :tree fit

e _0866<cosf<0.956 * hadronlD:nCDCHits >0 e conf level=0

* electronlD noSVD noTOP > 0.9

e Pt>01Gev/c Mass fit forn — yy

* muonlD_noSVD > 0.9 * updateAllDaughters=false
Photos

* P(p/m)<0.6 and P(K/m)<0.4

nGoodTrack =4

* E>0.2Gev Signal side

e -0.866<c0s60<0.956
 electronlD_noSVD noTOP > 0.9

* clusterNHists>1.5
* electronlD_noSVD_noTOP < 0.1, P(p/m)<0.6 and P(K/m)<0.4



Definition of signal region

Define an elliptic signal region with all signal events that that do not contain ISR,that
Is contain 90% of all signal events.
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A RooPlot of "M'(n'e) [GeV]" A RooPlot of "AE' [GeV]"
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BDT analysis
Train sample (pre-select); veto 10 M(yy) > 0.16 || M(yy) < 0.10GeV /c?

cosf5!
thrust thrust—miss
tag 2y
ECM T‘BCM : Rank : Variakle : Variable Importance
vis e
1 : sta_sig cmsp B§.6%le—-02
SIG etap_sig_chiProb 2 : cose_ctap 9.231=702
ny 3 : etap sig cmsp : 6.9536=—-02
4 : missingMomentumOfEventCMS : 6.935=-02
0 5 : missingMass2ZOfEvent £.33d4e-02
nTAG COSUeg—_p € : E gam L 6.0482-02
14 7 : cosmissTag 5.850e-02
: 8 : nPhotons sig 5.680e-02
- : S : thrust 2.615=-02
CM COSQe -n . 1o . _
Pmlss : 10 : cose eta 4.672e-02
11 : etap sig chiProb : 4.658e-02
: 12 : wisibleEnergyOofEventM3 : 3.984e-02
mZ Coseeyl : 13 : cose_gaml 3.920e-02
miss : 14 : cose_gam0 3.819e-02
: 15 : tau tag cmsp 3.7%8e=-02
: 16 : cosmissThrust 3.622e-02
0. . cos0,, oD . e
cCoS miss 17 : cosThetamiss 3.221=-02
18 : E gam H 2.235=-02
Slg( ) : 1% : nPhotons tag 1.985=-02
: 20 : dmTID ta 1.%45=-02
c0SOtqg—mi n _tag
tag—miss : 21 : tau_tag _mRecoil » 1.79%=-02
Eg Py ()
miss

dmlID_tag E,y E,L



BDT analysis
Train sample (pre-select): veto 70 M(yy) > 0.16 || M(yy) < 0.10GeV /c*

Background rejection (Specificity)

Signal efficiency vs. Background rejection
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Signal effiéiency {Sensitivity)

(1/N) dN/ dx

TMVA overtraining check for classifier: BDT

_ Sluiglnall flelst I1=..a|mk:hltla}| R Slighall (tlralinlin!I; s.lal#w::lle]I =
:@ Background (test sample) * Background (training sample) E
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olmogorov-Smirnov test: signal (background) probability = 0.292 (0.445)

U/O-tiow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

—0.8 | 0.6 04 -0.2 0 0.2 0.4 0.6
BDT response



N_bkg_res MC N_obs_toy MC
BDT n eff(90%)  error_rel. MClard  MCldr MC15r N_exp | error_rel. MC15ri s 90 Br( x 10N-7)
0.30 10.79 0.0683 0.003 3 29 1 1.886 0.409 1 2.64 2.810
0.31 1047 0.0654 0.003 2 26 1 1.743 0.440 1 2.65 2.946
10.32 10.27 0.0626 0.003 2 23 1 1.636 0.468 1 2.66 3.089
E 0.33 10.02 0.0596 0.003 2 19 0 1.493 0.510 1 2.68 3.269
0.34 9.72 0.0565 0.003 1 18 0 0.714 0.224 0 1.86 2.393
” 035 9.46 0.0534 0.003 1 14 0 0.535 0.258 0 1.82 2477
” 036 9.18 0.0503 0.003 1 13 0 0.500 0.267 0 181 2.616
7037 8.93 0.0472 0.003 1 11 0 0.428 0.289 0 1.78 2.741
: 0.38 8.67 0.0441 0.004 1 8 0 0321 0.333 0 1.74 2.868
N_bkg_res MC N_obs_toy MC
BDT n eff(90%) ' error_rel. MClard  MCldri MC15r N_exp | error_rel. MC15r s 90 Br( x 107-7)
” 0331 10.019 0.0593 0.003 2 19 1 1.493 0.510 1 2.68 3.285
" 0332 10.000 0.0590 0.003 2 19 1 1.493 0.510 0 1.98 2.440
" 0333 9.953 0.0587 0.003 2 19 1 1.493 0.510 0 1.98 2452
7 0334 9.890 0.0584 0.003 2 19 1 1.493 0.510 0 1.98 2.465
7 0335 9.876 0.0581 0.003 2 19 0 0.749 0.218 0 1.87 2.340
1').336 9.852 0.0578 0.003 2 19 0 0.749 0.218 0 1.87 2.352
; 0.337 9.815 0.0575 0.003 2 18 0 0.714 0.224 0 1.86 2.352
0.338 9.778 0.0572 0.003 2 18 0 0.714 0.224 0 1.86 2.364
7 0.339 9.750 0.0569 0.003 2 18 0 0.714 0.224 0 1.86 2.377



BDT result
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result for Branching fraction

S90

B(tT-en)<
[ 2&5igNe:B(" » n(= yy)ntn~)

N, =391.95x10°, B(n' - n(=yy)nTn~) = 0.445 x 0.9343, sqy = 1.86

B(t~ 2 e n')<235x1077



Backup



Input variable: thrust
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Input variable: nPhotons_tag
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Input variable: dmiD_tag
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Input variable: nPhotons_sig
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Input variable: missingMass20fEvent
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Input variable: cosmissThrust
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Input variable: tau_tag_cmsp
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Input variable: tau_tag_mRecoil
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Input variable: etap_sig_chiProb

(1M} dM 7 0.0256

un
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Input variable: cose_gami
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Input variable: cose_etap
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Input variable: case_gam1
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Input variable: cose_eta

(1M} dM 7 0.0512
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Input variable: etap_sig_cmsp
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Input variable: ata_sig_cmsp Input variable: E_gam_H Input variable: E_gam_L
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Correlation Matrix (signal)

Linear correlation coefficients in %
S 16 100
=14 69 82 100 16
100 82
85 1 69
21 -14 -3
-24

-8
-12
=15
-19
-14 -25
-16 -15
cose_eta -2 -18 -24 -54
cose_etap -2 -18 -24 -56
etap_sig_chiPrab -1 -1 5
tau_tag _mRecoil 19 14 -1 6 -1
tau_tag cmsp 20 -5 -14 1 -1 1
cosmissThrust b R 1
cosmissTag -12 -10 =13 2% 100 -1 6
cosThetamiss 5 100 oy u 1 1
missingMass20fEvent 11 -5 100 5§ =13 4 -14 -15
gMomentumOfEventCMS -38 -12 2 .3 9 1 -65
dmiD_tag 25" 100 -5 -10 -5
nPhotons_tag 100 325 -11 4
nPhotons_sig 6 -2 -14 1 4 -5
isibleEnergyOfEventCMS -45 5 4 6 5
thrust - -41 19 19 16 14 12 12

E gam_L

E _gam_H
eta_sig_cmsp
etap sig_cmsp
cose_gami
cose_gam0

Lo bobh b
Wb OO - -

C C
rusy ”“’bfagphﬂran "’ﬂra,-; 1D SsinglSSingd L tag % 5075 i3S 0,350 g6 gidn of

~fag "GN, 1O, Sig ~8f3 ~Oa
’ng@ gy f&g g “"ﬂmem 98535 E_E,g eﬂuﬂhﬁpro‘g moEmT

I"Eﬂ 'rc MS




Correlation Matrix (background)
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