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QB% Outline w N

new w.r.t.
last meeting

* Theory introduction and recent results overview
* Analysis status (as of B2TiP report)
* Impact of new extra clusters selection

* Physics validation — performances comparison MC8 / MC9

* Conclusions and future plans

20/11/17
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Belle II

* Helicity suppressed

T:e—>1:103:107

* The SM predicts a branching ratio of B(Bt — 77v,.) = 0.817+0054 1., x 104

Higgs doublet models predict interference with SM decay with a modification of
the branching ratio | |
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Belle II

* First evidence at Belle (2006) and Babar (2012)

* Most recent measurement (Belle — 2015, using semileptonic tag):
- use of multivariate techniques (neural network) to reconstruct the tag side
- the signal side is reconstructed in four modes: T—> LVV, EVV, TV, pV

- the signal 1s extracted through a two-dimensional maximum likelihood fit to
* . . .
the B¢ and p', distributions

continuum bkg* * Egcr (later on called Eyy,) is

the sum of the energies of
clusters in the ECL. not associated
to reconstructed B mesons
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t +; * Py is the momentum of the
1.0 15 20 . s X .
ps. (Gevic) signal side particle in the CM

0 =05

1.0
*continuum bkg: qq events Egcy (GeV)

B =[0.91+£0.19(stat.) £0.11(syst.)] x 10~* (evidence at ~4.6 o level)



ol =< Tag side reconstruction: )

QB% Full Event Interpretation (FEI) %

* Developed by Thomas Keck*, it's an
extension of the Full Reconstruction used in
Belle, and uses a multivariate technique to

reconstruct the B-tag side through lots of
decay modes in a Y(4S) decay.

* Hierarchical approach: first train multivariate
classifiers (MVC) on FSP, then reconstruct
intermediate  particles and build new
dedicated MVC. For each candidate a signal
probability is defined, which represents the
“goodness” of its reconstruction.

eIR(]
1039999(T

oyels
reutq

: JIY
* Training performed on B+B_/Bol§0 events ~—_
with beam background at KEKCC 5
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B tag side B sig side

Hadronic tag using FEI B - tv

4 tau modes: uvv, evv, mv, T v

1) Pre-selection on B-tag kinematics™
PID, ECL cluster cleaning (see next slide)
110 < M(1%) < 160 MeV

625 < M(p) < 925 MeV

2) Cut on FEl output discriminant
3) Pick the highest sigprob B candidate

* Beam-constrained mass: My, = \/E{;iam — pg?

* Energy difference: AE = Eg — E{ ..
Require full reconstruction of tag side and only one additional track in the event

Run on MC5 production:
- 100*10° events of B—1Tv— generic with beam background
- 1 ab' of BYB7/B°BY and continuum with beam background
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Belle IT L/

PID selection
- Likelihood function based on E/p and dE/dx

In the post-B2TiP analysis:
- Cut on the LR = L(particle) / (L(e) + L(mu) + L(pi))

Follow PID recommendations:

Photon and 1 selection
Cluster cleaning (to reject photons from beam
background) with cuts on photon energy, cluster .
timing and E9/E25 (separately in forward, barrel New extra energy and pi0
and backward detector regions). Details at the

confluence page:

selection (see my talk in the
tools session this morning)

Continuum rejection
-  MVA with boosted decision trees to separate
back-to-back topology from events with spherical
symmetry (BB). See backup for details

20/11/17
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In the plots shown here and in the next slides
signal and bkg are normalized to 1 ab-’

Cuts on the BDT, M. AE, missing mass, and signal
side track momentum are optimized maximizing the
FOM* in the M,. and E.., signal windows
(respectively 5.275-5.29 GeV/c? and 0-0.2 GeV).
Optimization for hadronic and leptonic tau decay
modes separately

1200 Wl signal

WsE, B8
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Events
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*S/sqrt(S+B) where Sis B—>1tv and B is
BB+continuum bkg, normalized to 1 ab!
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comparison with Belle MC (-

<o

Signal and background event yields in 1 ab-!

0.35

LIS LI L I O

i = o "I —Belle 11MC

FgcrL <1GeV < 0.25GeV Lgl 0.3~ Sign CII Eex'rrq | —Belle MC
# background events 7420 1348 : 0.25?—‘ —i
Belle IT | # signal events 188 136 < ook =
signal efficiency (%) 2.2 1.6 015F E
# background events 2160 365 0.15_ E
Belle* | # signal events 97 60 - .
signal efficiency (%) 1.2 0.7 005F E
0001702708 04 05 0.6 0.7 08 0.5 1

Eec, (GeV)

* In Belle Il we have higher bkg contamination  E... has a narrow peak at O for

and higher signal efficiency Belle Il MC —>  better exira
* Statistical improvement (S/sqrt(S+B)), but we clusters reconstruction despite
need to evaluate the systematics impact (e.g. higher beam background

uncertainty on the peaking background)



/o Branching ratio and projection with

. o INFN
Belle II systematic uncertainties _

* Branching ratio: fit to the E_,,,, distribution for toy MC pseudo-datasets
and take mean and width of the results

* p-value determination: use the test statistics Q = L(s+b)/L(b) evaluated
on pseudo-datasets sampled from S+B and B only E_,,,, distributions.

BR(B — tv) = 0.82+ 0.24 X 104 ~30% precision

o in 1 ab
p-val = 0.000385 — significance: 3.4 o
* The main systematic uncertainties are: Systematics extrapolation based on Belle Il note™
signal and background  Eg  PDFs, Integrated Luminosity (ab™!) 1 5 50
branching fractions of the peaking statistical uncertainty (%)  29.2 13.0 4.1
backgrounds, tagging efficiency, and systematic uncertainty (%) 12.6 6.8 4.6
KO, veto efficiency (followed by the total uncertainty (%) 31.6 14.7 6.2

signal efficiency and others) luminosity needed for B — tau nu 5G

observation is 2.6 ab™!
* Belle2-note-0021
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Impact of beam background

INFN

* Impact of beam background evaluated re-performing the study
described above on MC5 samples without beam background

BGx1

Belle I MC, L=1ab

1200 Msignal
W55,
[ continuum

Events

1000

800

600

400

200

00 0.1 02 03 04 05 06 0.7 0.8 09 1

BGxO
Belle Il MC, L = 1 ab™!, BGX0
2 ' ' ' ' ' ' M signal
£ 2000
£ 1800 il 5%’
1600 [ continuum
1400
1200
1000
800
600
400
200
% 0102 0.3 0.4 05 06 0.7 0.8 09 1
EroL (GeV)
FEgcr, <1GeV < 0.25GeV
# background events 12835 2062
# signal events 332 238
signal efficiency (%o) 3.8 2.7

Ee, (GeV)
Frcr, <1GeV < 0.25GeV
# background events 7420 1348
# signal events 188 136
signal efficiency (%o) 2.2 1.6

* Toy MC: expected precision for BGx0 is 20% (30% for BGx1)

with a significance > 56 in 1 ab™!
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* PID selection
- Use the release-09 recommended working points (95-99% efficiencies)

* Extra clusters and pi0 selection
- See presentation at the tools session this morning: MVA classifiers trained
for the extra clusters and piOs

- The selection used in the analysis presented before performs much worse
with the increased level of background of the last MC campaigns (MC8

and MC9)
, 3000 ™1 ] A
2 - 1 ¢ H After old
) £ 25000 MC5 ; § 2500; selection MC8

Eextra in B—>7TV events 20000]| E
with the old selection 15000 1 ¥
B Before selection 1000

10000 After old ] OOOE Before selection
5000t | selection E 0

e s T s 5 Oy e b

Eextrc: (GeV) Eextra (GeV) 20/] ]/] 7
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old  S-eff /B-rej=
/selec’rion 70.5% - 93.5%
L L e

TMVA overtraining check for classifier: BDT

3 4.5 [LL1] Signal (test sample) ' | ¢ Signal (trainihg samble) "' " 3 5 i L L B AL B .
E m Background (test sample) ¢ Background (training sample) g ‘3 1 ; ® o o o o * o o ?
2 4 g(olmogorov-Smirnov test: signal (background) probability = 0.113 ( 0.91) _: q—>‘ C S e, °q 7
2 C . e 0.95— ®e —
1\— 3.5 :_ —: ho] " — ... -
z E E o E ° . ]
s E = C T % a
= 12 e 09 % —
c 32 (&2 L . i
25 = S C ° ]
2F 3¢ S ossf s
= 15 - Scan BDT from 0.0 S
g EE 0.8 .0.15 to 0.2 with ' . -
1 d& C . ]
= 18 - step of 0.01 .
0.5 =H .75 P -0.1 *
- 18 - e 7
0 Fo e T 4 4 b H 5 07 | L L1 | | | 1 | [ | 1 | | | [ [ | | N
-05 -04 03 0.2 -0.1 0 01 02 03 04 05 0.6 0.7 0.8 0.9 1
BDT response signal efficiency
* Consider cluster variables: energy, At same signal efficiency level, we have
timing and cluster sha pe €pkg—1-5% with respect to 6.5% of old

selection—> ~80% more bkg rejected

* Train a BDT with B — TV events from
MC9 production bgx1 (using TMVA)

To choose the optimal cut point look at the E.,,,, distributions for B—>1Tv and generic BB (next slide)
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=4 Extra clusters MVA: performance on )

Bello T E xira distribution C

*  E..q distribution for tau nu signal and B*B-

background with M, > 5.27 GeV g 32F * — ' ' ]
§ 3;_ o ¢ ) ° ° E
S 0120 g et as %, 281 ot . E
s 5 . O r L]
2 771 old selection  J— D 261, 4% ‘. .
0.1F « F .
[ ] —charged 5) 24 F . =
0.08] ] D oL . e
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o.o4f 1.8;— . . ]
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ab BDT > 0. e 1.
ook anifi 3% oaf BDT > 0.2 4o Significance evaluated as S/sqrt(S+B)
N max signirticance E [ ] —charge; . .
014 ( 9 ) 1 ot 1 in B, e < 0.2 GeV, where S is tau nu
0.12F ] 3r ]
0.1 E i ] and B is B*B-. Normalized to 1 ab"!
0.08F E 02f ]
0.06 E_ _E [ ] TMVA overtraining check for classifier: BDT
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% 01702 03 0.4 05 06 0.7 0.8 0.9 1 04630504 05 66 0 ; £ et
. . . . . . . K . 0O 010203040506 070809 1 = 3
Eecl (GeV) Eecu (GeV) £ S-eff / B-rej =
0 . . 25 ;
Better signal shape but increasing background . © 80% / 97.5%
yield in signal region (Eo, 4 < 0.2 GeV) "
0.5 :%
]

o

MC9 bgx1: B—1vand BYB~ R N
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WGT1 validation

*  Within the leptonic, semi-leptonic and missing energy B
decays working group we have four modes for analysis
validation: B—>1tVv, B —>nlv, B—> D*lv,B—>D*1Vv

* The basic idea is set up a simple analysis for each mode and
check the effect of the changes from a software release to
an other
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B — 1v

* Comparison between MC8 and MC9 (bgx1)

o arb. uaits
o
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o o o
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Brief summary of the reconstruction steps:
* Reconstruct the B-tag with Full Event Interpretation

L
529

and pick the best candidate per event

* Require only 1 track on the signal side, PID (four
Tdecay channels considered: uvv, evv,mv, t

and neutrals quality criteria

S N N R N N R AR R R ] 8 e
E . 1 e
F B-tag signal 1 s F
i babilit - MC9 1 v - MC9
probability MC8 | ok Eextra MC8
F g o1r
L : 0.08—
0.06/—
% 2 0.04—
- § 0,021~
I T T P T P T T R oFgle Gl L T e
001 02 03 04 05 06 07 08 09 1 - : : :
Signal probability
0. 12 — e
£-er ]
=] - -
o — -
ot MCO
- 1% mass ]
0.8~ - MC8 .
0.08|— -
004 =
0.02- 3
0 C ]
V) N T Ll [ BT P
0.11 0.12 0.13 0.14 0.15 0.16

piOmass (GeV)

45 5
EExtra (GeV)



D B — 1v: leptonic and )

<o

Belo I hadronic tau modes _

hadronic modes leptonic modes
L I B B B I LR I S L L B B L L L LB
5 1 = 4 M2,
oS - MC9 "ZZZ Missing - MC9 : Mnilss )2
E . 4 E mass - MC8 1 = 2Epeam _EBa - EBsi
B MC8 : oos— squared = R R 27 7
003 - o,o4§ % - |thag + szig
o2 Missing E 003 =
. mass ] 002 =
oot squared e 0ot E
% (N 20 0 Imligém‘e‘(c‘se‘v%o o 4 e O (GeV%O
1055
TOT 84%
o*
Lep modes 99% 1
(mu/ele) (135% / 81%)
Had modes 75% v
(v / m 7o) (76% / 73%)
10° = \ ! | L

0‘|‘0.2||‘0.4|“0.6|‘|0.8 1‘
electron: eid; muon: muid and !(eid)

pion: piid and !(muid) and !(eid) Improvement of muid in MC9
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Comparison between MC8 and MC9

* Reconstruct the signal B—>m | Vv

o 8°°°°— - Before ROE cleaning
6°°°°_ 7eof - After ROE cleaning
MC8 Tt * Apply tracks and cluster
_f cleaning™ to the Rest of Event
+oo00f- (ROE) of the signal
ofiis il I B I o ob AT L Ll
e s et o m e meE ey e e *remove tracks originating far from the IP
AE(GeV) Me (GeV) and remove low energetic / out-of-time
350—_10 = clusters
; -t MC9/MC8 ~ 82%
MCQ 2005 200%—
F 150F- “Before ROE” distribution looks better in MC9:
F 100f- from release 09 we have a new 99% efficient
sof- sof- cut on the cluster timing at mdst level
cﬁ;'”Q e 3 ra— X,:s Ry (ltl/df99 <1 forE< 50Mev’ where dt99 is

the time containing the 99% of the signal)

20/11/17
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« B —> 1V sensitivity study on 1 ab' of MC5 production: precision on the
branching ratio measurementfound to be 30% (3.40 stat. only) with
beam bkg, and 20% (>50 stat. only) without beam bkg. Including
systematic uncertainties the observation (50) is expected at 2.6 ab!

* Analysis update with last MC9 campaign
- New MVA selection for exira clusters and m° - improvement of
signal / BB separation in E
- To do list:

- Evaluate the impact of the MVA on the branching ratio
measurement (after continuum suppression and selection cuts)

extra

- Study the peaking background - KL veto
- Signal extraction: 2D fit with E.,, and missing mass

* Validation studies comparing MC8 and MC9 show improved PID and
robust reconstruction against beam background



20/11/17
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Belle II

* Purity of the background and signal samples is evaluated via fit to M
distribution with Argus (combinatorics) + double gaussian (true B candidates)

(%) L T (%) [FAEL I I T T L L B B AL B
C r . 4 c E
¢ 12000 BB and continuum 1 ©45000- B 9 tau nu
w [ 1 "a0000F
10000 | 350001
8000/ 30000
50001 25000 F
: 20000 |-
4000 15000 F
A 10000 |-
2000 5000
g'J s oo o1 -
: O S 45 555 B 2E5 5.06 5,065 .07 5.075 5.08 5.285 5.20
M,, (GeV)
Purity ~50% Purity ~93%

continuum rejection applied 20/11/17
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* Input variables used to train the multivariate classifiers:
- PID, tracks momenta, impact parameters (charged FS particles);
- cluster info, energy and direction (photons);
- invariant mass, angle between photons, energy and direction (10);
- released energy, invariant mass, daughter momenta and vertex quality (D), J/U);
- the same as previous step plus vertex position, AE (B);

- additionally, for each particle the classifier output of the daughters are also used
as discriminating variables.
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Belle I performances C

%103 B* hadronic
g B signal from signal Monte Carlo 0
- 18 B background from signal Monte Carlo S 16000+
8_ === Dbackground from generic charged Monte Carlo o Hi
16 E==———= Dbackground from generic mixed Monte Carlo S Hi — correctl y reco
§ E=————— Dbackground from continuum uubar Monte Carlo a 140007 i
84 E==———  packground from continuum ddbar Monte Carlo 2 - bkg from B*B
S B background from continuum ssbar Monte Carlo -g- 12000 ﬁ'. _ b k f BOBO
g 12 B background from continuum ccbar Monte Carlo u [ g mrom
&) 10000 L - bkg from continuum
10
8
6
4
2 =
0 ' ' ' l ——— 0702 03 04 05 0.6 0.7 08 09 1
0 02 03 04 05 06 07 08 09 1 Classifier output

Signal Probabili
IRl EroOatemy from Christian Pulvermacher PhD thesis

Total reconstruction efficiency compared with Belle |
Belle Il

B* (hadronic) 0.78 % BT (semileptonic) 1.05%

BY (hadronic) 0.59 % BY (semileptonic) 1.17 %

Belle |
B™ (hadronic) 0.39 % | BT (semileptonic) 0.80 %

BY (hadronic) 0.28 % BY (semileptonic) 0.86 %
20/11/17
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Belle paper, hadronic tag, >
PRL 110, 131801 (2013) 2
o
Entire Belle data sample ~ 700 fb-! %
TABLE I. Results of the fit for B~ — 7 v, yields (Ng,), E
detection efficiencies (€), and branching fractions (B). The u>.l 20 [,
efficiencies include the branching fractions of the 7~ decay N T T T AT T
modes. The errors for Ng, and B are statistical only. 0 0 0.2 0.4 0.6 0.8 1 1.2
Submode Ng € (107%) B (1074 Fear (GeV)
T — e P, 167)! 3.0 0.687047
T uT Y, 2611 3.1 1.067983 :Z
— T, g+10 1.8 0.57+32 3
T =7 v, 14’:12 3.4 0.527072 g
Combined 62°% 11.2 0.723221 P
§
BB~ — 7 7,) = [0.72-92(stat) = 0.11(syst)] X 1074 &

Significance: 3.0 o

Miiss (GeVZ/c?)

20/11/17
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Y4S photons
e E > 72 MeV, -114 < clusterTiming < -46, E9E25>0.800, minC2HDist>39 cm — forward
e E > 71 MeV, -112 < clusterTiming < -48, E9E25>0.805, minC2HDist>29 cm — barrel
« E > 66 MeV, -142 < clusterTiming < -18, E9E25>0.710, minC2HDist>23 cm — backward

Each cut corresponds to an efficiency of photons form physics of 95%

Extra photons

e E > 48 MeV, -121 < clusterTiming < -39, E9E25>0.665, minC2HDist>32 cm — forward
e E > 51 MeV, -123 < clusterTiming < -37, E9E25>0.685, minC2HDist>22 cm — barrel

e E > 49 MeV, -151 < clusterTiming < -9, E9E25>0.650, minC2HDist>24 cm — backward
Each cut corresponds to an efficiency of photons form physics of 90%

20/11/17
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After selection Before selection

ﬂ _ll T LB TTrrrT LI LB I LI I T T 1T I T T 1T I TTr 1T I T II— ﬂ 7000 __|_| . I ——TT I ——TT I T I ——rT I T I ——r I T I T I : I_.__
= 1000 . = - .
=] B b ) C 1
>~ B ] > 6000 — —
S 800 _ o = .
£ - . £ 5000 =
i B 7 a - .
1 . — — -
O 600 _— — O 4000 - 7
400 - ] 3000 -]
. ] 2000 — —
200 — - - -
. i 1000 —
0 _I 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1 1 I— : :
0_11 0_115 0_12 0_125 0_13 0_135 0_14 0_145 0_15 0 _I 1 1 I 1 1 1 1 l 11 1 1 I 1 1 1 1 l 11 1 1 I 1 1 1 1 l 1.1 11 I 111 1 l 1 1 1 1 I 11 I_

pi0 mass 0.11 0.115 0.12 0.125 0.13 0.135 0.14 0.145 0.15

pi0 mass

Signal B — 1V sample
20/11/17
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Extra cluster cleaning selection

signal B—>1v B*B- bkg

= i - T T T T T T T T T -

30000 [ - - ]
- . 2500 [ selection -

25000 - . . = - ]
: Before selection - 2000 E

20000 [}- N - ]
15000 |- R 15001~ E
10000 {}- = 1000 - :
- After . - After .
5000 - 500 - . -
- selection : - selection ]

L 1 1 Il ‘ Il Il 1 T i | | L L L ‘ L il il J L \4 - 1 1 1 1 1 - ol ‘ L B

% 1 2 3 4 5 6 % 2 4

6 8 10
UpsilondS__ ROE_eextraSel Upsilon4S__ ROE_eextraSel

Photon and PID selection eff: 12.2 %

N.B. before PID selection we have a lot of multiple

candidates (particle reconstructed as mu and ele and pi) 20/11/17



O Continuum rejection - BDT w N

Belle II

* Input Variables: R2, Cosb,,, Cleo Cones and Kakuno Super Fox-Wolfram
(KSFW) moments: 30 variables

)
« R2: Ry, = Hy/Hy where H; = Z i ||1 )|1’((.OS U;;) are the Fox-Wolfram moments

* CosOy,: |(tos('i),h.”,_ﬁ_.,)} = where T is the thrust axis of the rest of the event

* Cleo Cones: momentum flow around the B thrust axis in 9 angular bins

N, so: particles from b-tag

4
* KSFW: KSFW = Z R + Z R’ + Z (P¢)n| ond ROEare considered
1=0 n—=1 oo: particles from ROE
only are considered

c: charged, w0 aaH2 + ayHS + oy HSS scalar sum of the transverse
n: neutral, R} = ok A5 momentum of each particle
m: missing beam —

Lodd H¥ =YY QiQulpsx|Pilcost sx) lodd R’ = ZZ B1Q;Qk|p;||pk| Pi(cos 0 1)

i Jjx

[ even b _ZZ|pjx|p, cos 0; jx) [ even ZZdllp,prle (cosBr)
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* BDT training
* Preselection cuts on M, (5.27-5.29 GeV/c?) and E_,,, (< 0.3 GeV)

e 20000/3000 events used for signal/background training (~3/10% of
the entire samples)

* Remove the “less powerful” (according to the BDT variable ranking) and
highly correlated variables =2 20 variables left with a negligible
degradation of the BDT performances (i.e. ROC curve integral)
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Belle II

Input variable: Upsilon4S_B__R2 Input variable: Upsilon4S_B_ cosTBTO

§ 1: e a.5 HZA Background . 2 10
~ h ~ C =) ~
= 1 = 3 S 4
© 1s © E S © 8
= s = E s =
g 12 £ ¥ : £
- 13 2F s ®
:g: 15F % ;
1@ = m
1s 1 a
F z
18 05F 2 2
0 1 1 -'g 0 g 0
o 05 1 15 2 25 3 35 01 02 0.3 04 05 06 07 08 0.9
KSFW_bohso10 R2 cosB,,
ﬁowlll'l”l”l'l”“lll' § BT T T T T T Ty
= 32 s F ER
T 035 § > sF 33 .
£ o3 is 5 is Signal: B — tv
= 025 14 g JF 12 —
02 3 ) i: Background: qq
il 15 3 -
0.1 jo 2F =
- E 3 I
A2 g i3 E:
0 10 12- o-O 05 1 1,;:

KSFW_boet KSFW_bohsol2

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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TMVA overtraining check for classifier: BDT Background rejection versus Signal efficiency
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Limited statistics for the backgrounds

* Good separation power
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— B =2 tau nu projections

Integrated Luminosity (ab™—1)

Hadronic tag

Semileptonic tag

1 5) 50

statistical uncertainty (%)  29.2 13.0 4.1
systematic uncertainty (%) 12.6 6.8 4.6
total uncertainty (%) 31.6 14.7 6.2
Integrated Luminosity (ab™!) 1 5 50
statistical uncertainty (%) 19.0 85 2.7
systematic uncertainty (%) 179 87 4.5
total uncertainty (%) 26.1 122 5.3
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