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* Lepton with
p} > 0.3/0.4 GeV

( Hadronically tagged\
* Very inclusive sample
* Very tight constraint of \4

g)gllagd .FEI > O 1

K-

* \Very pure tag-side, —
\ good kinematic contrjol @u- ..... Y(4S) -+

y- \’.
e ‘0“ +
‘PDO A

MC14, 189 fb1

(. )

Beam bkg. & had. splitoff
rejection

* No KLM clusters used for
I
\_ ROE! (only for muons) )

D — K} decay modeling basically unchanged in MC15 (cf. backup).
So everything that follows is expected to be equally relevant for MC15.
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Tight p5 cut to suppress

* hadrons faking leptons (“fakes”)

Low py issue that currently limits
R(X:,.) does not matter here.
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* Ourinclusive, semileptonic B — X.£v modeling only poorly agrees with data.
« Data has a higher fraction of events with: low My, high M2, and low multiplicities

* This effect is mode dependent (see following slides) and does not correlate to suspicious
phase spaces w.r.t. detector efficiency mismodeling (not exclusive to low momentum
tracks or low energy clusters).

Generator level issue caused by mismodeling of (hadronic) D decays
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PDG MC
 Theinclusive D - K + X decays are Decay | D°BF/% | D*BF/% | D°BF/% | D* BF/ %
. : K- [ 547x28 ] 25714 ] 56.1 30.5
= not known in the PDG (only D - K?, but high unc.) KR 4754 T35 { T i — }
= NOT just the sum of exclusive D — K} ..., they K' [ 34204 [ 5908 2] 70
include stuff like D —» [K* - K° ...] ... §0 195:"49 2631;55 B =
. 9.1 19.3
* underrepresented in our MC(148&15). It’s on the K" | 28+13 | <656
lower edge or below their sizeable uncertainty.
> Anincrease of D — K%decays of 20-25%
(D% 40 - 50%, D*:57.5 — 66%) is covered
by the PDG uncertainties.
* Branching fractions are a big piece of the puzzle
(particularly D — KI?X), but cannot solve it entirely
* The phase-space modeling used in = 40% of the D
decays is significant/unfixable
* The PDG inclusive and exclusive BFs cannot be reconciled
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PDG MC

 Theinclusive D —» K + X decays are Decay | D’BF/% | D*BF/% | D'’BF/% | D* BF/ %
= not known in the PDG (only D — K9, but high unc.) KOK/ko Sigii‘g 256'Zi;'4 { Zg:(l) i 2(7)2
= NOT just the sum of exclusive D — K7 ..., they K* [ 34204 | 59208 37 70
include stuff like D - [K* —» K9 ...] ... EO 195549 2631':5 192'17 149'63
* underrepresented in our MC(14&15). It’s on the K" | 28413 | <66 ' '

lower edge or below their sizeable uncertainty.
> Anincrease of D — K%decays of 20-25%
(D% 40 - 50%, D*:57.5 — 66%) is covered
by the PDG uncertainties.

We derived an iterative, data-driven
reweighting of the inclusive
components
D - ¢, K%K K}, K**,K**+ X to
find sweet spot suggested by data:

D° — KLO: 20.6 = 28.8 % (39% increase)
DT - KLO: 30.1 = 40.8 % (36% increase)

(obviously unreliable, but it’s a fact that data can
best be described by our MC if this is done)

* Branching fractions are a big piece of the puzzle
(particularly D — KI?X), but cannot solve it entirely

* The phase-space modeling used in = 40% of the D
decays is significant/unfixable

e The PDG inclusive and exclusive BFs cannot be reconciled



Very untrivial to fix M2 ..
Simple energy shift is insufficient.

Xfv MQDELING WITH 36-39% D — KL UPSCALING
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Very untrivial to fix M
Simple energy shift is insufficient.
4
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If problem was (mainly) caused by fake cluster mismodeling, I'd expect it to be
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and fakes do have more reco. photon clusters on average than X/v |,
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strongest in fake-enriched sideband. The opposite is true!

In fact, in very pure sidebands form — e/u & K —» e/u fakes,y - ete™ &

J/¥ - £7£~, no mismodeling at all is observed.
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» Data of inclusive X.#v modeling is best described when increasing relative D — K/
events of our generic MC(14) to 136-139%! If the Kvv excess is completely explained by a
similar increasement, this is in agreement with the X.£v mismodeling.

 These numbers won‘t be the final truth. It’s probably overshooting to account for
additional D-meson decay kinematic mismodeling (40% modeled only with phase space)

* Mismodeling is strongly mode-dependent. It washes out when hadronic B decays &
B — X_.X. dominate and it’s mainly related to the X system (not the B — ¢ part).

» Fake cluster assumption insufficient. Their adjustment does not change N;,cx and
unclear why it would not show up for fakes or secondaries (it can additionally be true, but

it’s effect is probably comparably small)

e Data compared to our MC has more high M,zniss, low My and low multiplicity (including

N, & Nk, notonly N,)) events! This looks just like D — KD + X (or B - Kwv/[t = fvw]v)
» Be aware if X.£v dominates backgrounds and you are looking for such signatures
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Final charm meson is D° for Final charm meson is D* for

- 77% of my reconstructed B — X.£v (majority) 23% of my reconstructed B — X £v (minority)

0 +
= 939 of FEl tagged B;‘-EI > X v = 7% of FEl tagged Bggy — X Vv
0 0

= 529 of FEl tagged BgEI > X v = 48% of FEl tagged Bggy — X Vv

Any altered decay that contains either a K? or something that can decay into it (K", K1 ...):
### MC14 DO: ### MC14 D+:
0.005600000 K_LO eta pi@ PHSP; 0.003851000 anti-K@ omega pi+ PHSP;
0.035300000 K_L@ pi+ pi- pi@ PHSP; 0.003040000 K_LO K+ PHSP;
0.000237000 Kx+ pi- SVS; 0.000770000 K+ anti-K@ pio PHSP;
### MC15 DO: ### MC15 D+:
# changed BR 0.0056 to: # replaced anti-Ko by 50-50% K_S0 & K_L0O:
0.010100000 K_LO eta pi@ PHSP; 0.001925500 K_LO omega pi+ PHSP;
# changed BR 0.0353 to these ones (several new modes): # added!:
0.006000000 K_LO pi+ pi- pi0 PHSP; 0.013100000 K L@ eta pi+ PHSP;
0.008560000 K_LO pi@ pi@ pi@ PHSP; # changed BR 0.00304 to:
0.008560000 K_LO pi+ pi- pi@ pie PHSP; 0.003120000 K_LO K+ PHSP;
0.008655500 K L@ pi+ pi- pi@ pi@ pi@ PHSP; # changed BR drastically from 0.00077/2. to:
# changed Bx+ BR (0.000237) to: 0.005240000 K_LO K+ pi@ PHSP;
0.000113000 K++R pi-
Total DYyc14 = KY/K* /K ...: 37% (direct - K?: 13%) Total D;cq4 = KY/K* /K, ...: 56% (direct - K9: 24%)

. . 0 0 * . .

All changes combined increase D™ — K, /K" ... BR by All changes combined increase D* — K? /K" ... BR by

0.08% ( negligible!) 1.77% (no game changer) 14



the lepton is picked, the final event is not Decay mode D0 generic Do data D* generic D+data

(Semi)leptonic modes are biased as any time
classified as X.£v any more.

MC suggested MC suggested
\[e+x 4.9% 6.9% 9.7% 11.4%
u+X 3.6% 5.3% 8.3% 10.0%
K +X 56.4% 47.9% 30.8% 18.4%
These diStributionS are NOT K+ + X 3 6% 3 4% 6 9% 6 0%
more realistic 0
0] [o) o) 0]
BUT they are the ones needed if K™+ X 2207 22 02 £eloz
one wanted to have a good KY+Xx 19.6% 20.3% 29.0% 31.5%
shape description of X .£v K9+X  20.6% 28.8% 30.1% 40.8%
without reweighting any
kinematic distributions K=+ +X 12.6% 19.5% 4.6% 6.3%
They result in an upscaling of KO0+ X 9.2% 6.7% 19.5% 12.7%
D — K of 39/36% Do D/
The procedure is not sensitive to cutrinos ¢* anything (649 +£0.11)%  (16.07 +0.30)%
all effects, it just upscales stuff w* anything (68+06)%  (17.6+3.2)%
with missing energy (KLOr V). This K~ anything (54.7+2.8)%  (25.7+1.4)%
is why K~ or K become so 1/2K° [ & anyhing + K anyhing R (61£5)%
K anything (34+0.4)% (5.9+0.8)%

unrealistic



X v WITH 36-39% D — K} UPSCALING

Belle II Preliminary /£ dr=189fb~! 6000 Belle II Preliminary /£ dr=189fb! Belle II Preliminary /£ dr=189fb! Belle II Preliminary /L dr=189fb~

BOt SX[rt >ty EE Xw

X[ttt >t wl Bt S X[tt - twly Bt X[ttt wy

8000 pE>1.4Gev 5000 - DZ‘;"” pE>1.4GeV pE>1.4Gev
= D v

=) = . DAy
B 6000 5 4000 B Other X/ | =
o) 5 = X = h’
[=% [ [ Other BB » 2
% 4000 % Secondaries g g
LI>J LI>J m s3]

2000 stat. unc.

S 0 0 0
Z§N§5' °te, e fo... Z‘EJ%:S- . Z%N;gs' t . Z‘ZJNSE)S- .
+ . + (2 ea 2 ® o o o + +
2[5 , W AN2 2SR 2SSk , , , , 2S5 ¥ , , 2 SS5E . : .
0 1 2 3 14 1.6 1.8 2.0 22 0 1 2 3 0 2
My [GeV] p, [GeV] Nk Ny
Belle II Preliminary /L dr=189fb~! . Belle II Preliminary  /Cdr=189fb~! Belle IT Preliminary /L dr=189fb~! Belle IT Preliminary /L dr=189fb~!
4000 BY*es X[zt >t wly Bt S X[t - ¢ty EE X"’/‘ B+ S X[tt > twly B+ SX[rt > twly
V,D— K01 . Z*;” 60000 pE>14GeV, DKt pE>1.4GeV, DKt
== v
= = N Dfv
:E 6000 5 4000 Oother X.ev | 2 -~
[ [ X, fv ~ -
u 4

g a 3000 Other BB : 0000 : 20000
é 4000 *E Secondaries % %
= = 2000 o i )
= | 20000

2000

L0 0 L0 0
o

EN\FS-.‘ . .. 2§~55- . §~55- t . . ngsz- . .
T ot as o T .0 etatetacas 0e " e .0 a8 Tt o
= g ~ 0 .o ...‘..o--.‘. 5 ] Re v T eee 0 - g - S . LJ .
Z || 1| E3T=] Z || e Z||le
£|Est . . . £|Est . . . R G . . . SEsE . :

0 1 2 3 1.4 1.6 1.8 2.0 22 0 1 2 3 0 2 4

My [GeV] p,; [GeV] Nk Nz




Belle II Preliminary /£ dr=189fb~! Belle II Preliminary /L dr=189fb! Belle II Preliminary /£ dr=189fb~! Belle IT Preliminary /£ dr=189fb~!

to X[1 se wly SOOOVB*—>X[1’ e wly HE Xw 20000 . Bt> X[t~ e wlv 8000 F g Bt > X[t~ e wly
CRXE e
s 0[ +.. Wrong charge Wrong charge Dy ‘Wrong charge ee--. «__Wrong charge
2500 -T K
0’“ 4 4000 F * o mm Dy —
B Dry 15000 ¢
(=} =] L
-5 2000¢ '[, B 'L} = Oterxrr | . - 6000
3 ¢ 5 3000 [ . = X - -
S 1500} w & ¢ =1 Other BB > - -
g . 2 . £ secondaries | & 10000F  4000[
o © 2000 3 B Fakes > >
[E 1000 LE 7-. I Continuum H = o
1o MC stat. unc. 5000 f 2000 -
1000 | 4 Daa
,,,,,,, —
o 0 o 0 o 0 = o 0
2ll«=5E l«=5F Sl«=5F 2llaE5F
Z‘E ioﬁo“'° Sedate ZIZ «?0 . ".'... e ZIZ iO > ZIE i() . . .
p Ng e e §m§ ce o'e v ¢ s Né‘ . . . 5 NDE B ¥
=5t ‘ ‘ S S ‘ ‘ X 25 ‘ . X 2| SS5E ‘ .
0 2 4 6 0.5 1.0 1.5 2.0 0 1 2 3 0 2 4
My [GeV] p; [GeV] N Na
Belle II Preliminary /L dr=189fb~! Belle II Preliminary  /Cdr=189fb~! Belle IT Preliminary /L dr=189fb~! Belle II Preliminary /L dr=189fb!
6000 F .g.tiax[f_—)f_l/l/]b 10000 B* > X[t~ =/ "w)y EE Xuw e B* > X[t~ —>7¢ " wl foXrT =" wly
Wong tTlrge, D—K1 V&i_rﬂng charge, D— K21 = zi;”)” 40000 F Wrong charge, D — K 1 15000k — Wrosgtaee, D— KL 1
5000 8000f | ‘i ‘
= ‘o) = N Dy
3 L 5 °‘. = oterxsr | 2 0000l -
5 4000 ; 5 6000l ‘ — - . = .
= o P j = owerBE | o 2 10000F
w) 2] . -
2z 3000 = ﬁ | — S_ccondancs 5 20000 E -
g g 4000 + [ Fakes > >
@ 2000 s A = Conimum | & M .
MC stat. unc. 5000
1000 2000 b Due 10000
0 0 0 0
sk et SO T . e
= + 02 T oy ® = +0 . 20 ee%"ece,e 5 0 2 * 5 = : > -
g Ng hd ) e®e0 o0l * vV % NE '....0..' hd hd E % NE . .
=S5 ‘ ‘ st ‘ ‘ ‘ g ] A ‘ ‘ ‘ =S5 ‘ ‘
0 2 4 6 0.5 1.0 1.5 2.0 0 1 2 3 0 2 4

My [GeV] p,; [GeV] Nk Ny



Belle II Preliminary /Cdr=189fb~! Belle II Preliminary /Cdr=189fb~! Belle II Preliminary /£dr=189{b~! Belle II Preliminary /£dr=189{b~! Belle I Preliminary /Lvt=189fb~!

B*T-xX[r‘ >u-wly B*>X[r~ »u wly EE Xn B> X[t~ > u wly 0000 6000F B> X[t~ > wly
4 +" Wrong charge 3000 Bl Dy ‘Wrong charge 1 Wrong charge
3000 [ Dy
5000
N D/
| =] = 8000
; B B oner Xty | B PN _
| & 6000 = 1. = =) 4000
. 2000 [N = Other BB & > 6000 >
) 2} . 2} = 1
i LE EEl Continuum LE = 4000 = 2000
1000
2000 MC stat. unc.
¢ Daa 2000 1000
0 0 0 0 0 1
|+ °° oo °° M .o 2| + * o S et e, %00 e .'..o =+ o 040,% 0 06%0 % 0 60 sons o0 % 0000e," =+ . - . =+ * ® o . -
|| Z O e e e ) | s e Li| Ot o L 50 — Ll 50 . . . .
1 Esk H Esk . H Esk H Esk H Esk
: . . = , . = . . = , , . . = . A A A .
0 2 4 6 0 5 10 0 10 20 30 0 2 4 6 0.0 25 5.0 7.5 10.0
Mx [GeV] M2, [GeV?] q* [GeV?] Nracks Ny
Belle II Prelimina £ dr=1891b~! Belle II Prelimina £ dr=1891b~! Belle II Prelimina £ dr=1891b~! Belle II Prelimina £ dr=1891b7! Belle II Prelimina £ dr=18916%
ry ry ry ry ry [
B X[t~ —>pu-wlv B*>X[t” »>pu wly EE Xn Bt > X[t~ »>u-wly Bt > X[t~ »u-wl
¥l o 10000 6000
3000 Wgnd ({t'large, D—K 1t 8000 Wrong gharge, D — K T= 3;” Wrong charge, D — K21
v
= B Dl o 8000 5000
3 6000 BN Other X.£v > - :
= = Xl = ~ ~— 4000
- 2000 2 =1 Oter 55 2 > 6000 P
«E 4000 F [ Secondaries é % S 3000
o I Fakes o > 4000 g | =
I Continuum =) =
m m 2000
1000
2000} MC stat. unc.
¢ Daa 2000 1000
0 0 0 0 0
N5k gl~S5F gf~S5F gl~S5F gl~S5F. .
-?—0 0% Lo e ce oo ZI 0 ® e, 0 * o0 ® an, ZI iO 2% 00 ® M e o aea . Sa®.%000e,% ZI iO = . o ZI iO = O
1 «§ O < . LA A R v vl p Teoe ® To" o it —wv—oy T Vet 5 Né T, CEAre) g 5 Né i = ~ 5 Ng —, 0 N —_—
[=5¢ ‘ ‘ =[5 ‘ ‘ = =5E ‘ ‘ [ S5E ‘ ‘ ] E[SSE ‘ ‘ ‘ ‘
0 2 4 6 0 5 10 0 10 20 30 0 2 4 6 0.0 25 5.0 7.5 10.0

Mx [GeV] M2, [GeV?] q% [GeV?] NTracks N,

miss



Events per bin
53
[=3
(=3
(=]

—_
f=3
j=3
=]

Npata — Nvic
2 2
fbaa + OMc
o uwo

Events per bin

2 2
fbaa t e
o wo

Npaa = Nmc
W

Belle II Preliminary /£ dr=189fb~!

B & X[t~ —»u - wlv
j’ *|  Wrong charge
4|

(9% =
[=3 (=3
[=3 (=3
(= (=3

Events per bin
[}
(=
(=3
o

S w»n o

2 2
Pbata T OMc

w

Npawa = Nmc

w
(=]

My [GeV]
Belle II Preliminary /L dr=189fb~!

+

Wgﬁ’
v

X[t~ - pu-wly
harge, D— K 1

+

Events per bin
[ 3 w2 P
[=3 f=1 (=
(=3 (=3 (=
(=} =} (=]

MC

2

+ o
S w»no

PButa

Npaww = Nmc

Belle II Preliminary /£ dr=189fb!

Belle II Preliminary /L dr=189fb!

Xt

D" tv
D"ty

Dtv

Other X.v
Xutv

Other BB
Secondaries
Fakes
Continuum
MC stat. unc.
Data

Bt X[t~ »u-wlv

L Wi ong charge

-iapngannnn

3 Bt X[t~ »u wlv

‘Wrong charge

Events /(1)

Events /(1)

2 2
Pata T OMC
o uo

Npaa = Nvc
)

0.5 1.0 15 2.0
p; [GeV]
Belle II Preliminary  /Cdr=189fb~!

Nk
Belle IT Preliminary /L dr=189fb~!

B*>X[t” »pu wly HEE Xw
[ Wrong charge, D — K0 1 8l D¢y
jﬂ mm Dy
Dty

]

I Other X.£v
| 77

[ Other BB
[ Secondaries
[ Fakes

EEl Continuum
MC stat. unc.
¢ Data

BT =Xt~ »u - wly
Wrong charge, D — K 1

Events /(1)

Events /(1)

Npaa — Nvc

05 10 5 20
p; [GeV]

Belle IT Preliminary /£ dr=189fb~!

+

10000
X[t~ —»pu " wly

rong charge
8000 -

6000

4000F%

2000 [

S O
T

w
T

Npata = Nvc
2 2
Pbata T OMc

10000

[= I ]
T

Npaa = Nmc
2 2
Pbaa T Orc

w
T




T/'g ( Hadmn'\;;_a;\
* More details in the BEELLE2-NOTE, sections 5.6, A.3 and A.4 j@“\

Belle II Preliminary /£ dr=189fb! Belle II Preliminary  /Cdr=189fb~! Belle II Preliminary /£ dr=189fb! Belle II Preliminary  /Cdr=189fb~!
10000} & Bl =X =t |l ol g Bl X oo Lol Bl =Xt ey || O B X o
| == Do
g 8000f g 12500¢ = 8000 = 30000 f S
8 5 i 3 g B Other X./v
) & 10000 | 5 5 Xy
Q D
8, 6000} & 2. 6000) 2 == Other BB
) 2 2 w» 20000 [ .
= = 7500F 3] = [ Secondaries
[5) %) D 15 [ Fakes
4000 L
[-E LE 5000 F 3 4000 A Il Continuum
10000 #82% MC tot. unc.
2000 2500 2000
0 0= 0f e 0
q* [GeV?] M2, [GeV?]

£ ).
/ / /
M2 = q? = Ecms/2 _ : M2, = <ECMS> _ Ecms/2 B (E{,) B 2
x Py miss = |\pews) ~\ —Pomg | ~ B

May 30, 2023 Henrik Junkerkalefeld / Missing D — K in B — X£v events 20/12


https://docs.belle2.org/record/2682/files/BELLE2-NOTE-PH-2021-042-v408.pdf

Must be caused by something

that is present in all X fv, but
not equally in secondaries &
fakes: Single hadronic D decays!
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BASED REWEIGHTING OF X{v
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(Semi)leptonic modes are biased as any time 0 .
the lepton is picked, the final event is not Decay mode D generic
classified as X.£v any more. MC
\[e+x 4.9%
u+X 3.6%
K +X 56.4%
KT+X 3.6%
T.hese di.strit.)uti.ons.do reweight K° 1 x 39 7%
kinematic distributions (40% of 0
D decays are just phase space Kg + X 19.6%
modeled) K? + X 20.6%
Thus, they are less severe than Kt +x 12 6%
the data suggested results (cf.
other slide) K% +Xx 9.2%
But they cannot directly be
derived by simply up- and Rfarfin o [ Sl
downscaling certain existing gEising
events K~ anything
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Why not just fix the modeling instead?

* The My shape is sensitive to the types of modeling
that are not well known (inclusive K BF, D** and
nonres. BF, modeling of high multiplicity D decays)

* Branching fractions are a big piece of the puzzle
(particularly D — K X), but cannot solve it entirely

* The phase-space modeling used in = 40% of the
D decays is significant/unfixable

e The PDG inclusive and exclusive BFs cannot be
reconciled

Fixing this at generator level is not feasible; instead,
use our MCina way!

Success can be evaluated in non-trivial improvements in several
quantities (M2, g, Ng+, N+, Ny) at the same time while keeping
other unchanged (p5).
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Ideally reconstructed My, if we made no
reconstruction errors in the X system except

- . Real My distribution (in MC)
missing neutrinos.
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