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Introduction and motivations INFN
A sensitivity study for Time-Dependent CP violation analysis in the

B® — 1’KOchannel, a charmless b — sqg decay J

o CP asymmetry from time-dependent decay rate N B
into CP eigenstates; b Q
@ 5,ko =sin 2957 tightly related to sin 2¢; " L
» identical if only penguin diagram were present; ’ é
» QCD factorization AS, ko € [-0.03,0.03] <, '

» new physics can enter in the loop, shifting AS,/ ko o
more than SM expectation

e Similar to B — ¢K?9, see work by Alessandro Gaz
» more complex final state;
» 1’ is a scalar (¢ a vector);
> large BR: ~ 6.6 - 1075 (~ 10xBR(B® — ¢K?))/-=01%%)
* constructive interference between penguin diagrams
» actual uncertainties oot = 0.07, 05yt = 0.03(Be!l=(2024)]
> projected for 50 ab™! oyt = 0.008, 0gyer = 0.008! 101

» no competition from LHCb; N bem
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D )
Status (NN

[BABAR(2009), Belle(2007), Belle(2014)]

@ Channel have been analyzed in B-factory ;
@ uncertainties are mostly statistical (~ 3500 events for all final states);
@ quasi-two body approach;
@ many decay channels available B — n’Kg

» 0 = py; BR:29%

» 0 = nrtaT; BR:43}

Nyl N — 7775 BR:40%

Mar: m— im0 BR:23%

» K= 7rr, K2 — %70,
» Total BR(BO — 7]/(—>I/A,A‘,/r/3ﬂ.ﬂ'+7r7)Kg) = 27% | today

° 8%~ /K]

o Complex final state, neutrals, large combinatorics;
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Technicalities

@ Release used rel-00-05-03

@ code in GIT https://github.com/lacaprara/b2pd_analysis
o data used:

Privately produced signal;
MC5 for signal (BGx0) (still partially);
MC5 BGx1 sample for continuum background;

Still only a fraction of produced dataset;

Skim (with loose selection) on large dataset;

Full selection on skimmed events;

trying to produce a single skim for all channels, not finalized yet

got problem (memory and crash in mixed and charged, respectively):
to be investigated;
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https://github.com/lacaprara/b2pd_analysis

D .
Outline

Q B° (= i )(KE— 7))
@ Background
o BY — /(= ny T ) (K2 — 7070

Stefano Lacaprara (INFN Padova) Hbb

)

Padova 22/01/2016

(=

(%)

0
INFN [

7/38



D .
Selections

BY = n/(—= nyyrtr ) (K2 — ™)

(%)

@ pre-selection at least one decay chain have been reconstructed
e good candidate selection:
» My > 5.25GeV,
IAE| < 0.1GeV;
M(n4~) € [0.45,0.57] GeV;
M(n') € [0.93,0.98] GeV;
M(K2 — 7+7~) € [0.48,0.52] GeV;
PID,(7%) > 0.2;
do(7*) < 0.08mm;
zo(7%) < 0.1mm;
N hitSPXD(T('i) >1
P-valueyu(Bo, 7', K2) > 1-1075

@ if Neangs > 1, select candidate with highest P-value,(Bo, 7/, 7, K_g

vV vV vy VY VY VvV VY VvYY
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D Distributions:

all/good candidates
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some true cand lost
(mostly due to PID(7) and
N hitspxp(r) > 1);

almost all good
candidate(s) are
true;

M, has a lower
tail;
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Distributions: best candidate (NN
B n'( n(yy) m'm) K(w'm)
495 0.9 0.95 1 1.05 11 N|]‘5 &3 035 04 045 05 055 0.6 O.SRA 00.7 :h 01 02 03 04 05 06 07 08 09 1
All best candidates are true: SXF is negligible e E
(=5
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Efficiency and At resolution
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D )
Background (NN

Background selection done in two steps:

@ Skim: require a reconstructed decay chain, in any of the four channels,
w/ loose selection and w/o vertex fit and constraint (for speed);

» Trying to run skim on continuum background once for all channels;
@ Selection: apply all selection cuts
2.1 Pre-selection: re-reconstruct the proper decay chain (exclusive) w/ vertex

and mass constraint
2.2 Final: apply all selection cuts

» NB No cut (yet) on continuum discriminating variable
» still learning how to use it
» Alessandro showed some issue in B® — ¢K presentation on 2015/12/11

C
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D . )
Background reduction N

B% — /(= nyymtr ) (K2 — )

@ Background MC sample BGx1,;

o L=30fb7

@ need to process the full MC5 dataset to increment statistics of selected

events;
NB No cut (yet) on continuum discriminating variable

Sample # Ev (M) Skim (M) i pre-sel  sel Esel

ul 48.15 1.023 2.13-1072 8196 93 1.96-10°°
dd 13.03 0.274 227-1072 2333 37 2.84-107°
S5 11.49 0.238 2.07-107%2 2334 18 157-107°
ct 38.87 1.127 290-1072 9911 123 1.09-10°°
total 111.54 2.662 239-1072 22774 271 2.43-10°°
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¥4 Background distribution at preselection level (NN

B~ n'( n(yy) m'm) KZ(rtm)
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/-)
Q(B B — n/(— nymtr ) (K2 — 7070) JNEw

@ Similar selection as in Kg — T case, taking into account the more
difficult 79 reconstruction

» AE €[-0.15,0.25] GeV; (< 0.1 for K2 — 77 7)
» M(7%) € [0.1,0.15] GeV;
» M(K2 — 797°) € [0.42,0.52] GeV;A
» (full list in backup)
&) Kot _ @ combinatorics larger but still manageable
§ iZ @ lower tails for Mo o ,;
7 @ SXF still small
s R Efficiency %
o ; preselection  38.2
o ] good cands  15.3
- ’ | best cand  13.1
A | | SXF 2.1

508 095 1 105 uM;"s 608 0.1 012 014 0.6 a:sM;z 63638 amaaosossosoﬁxv a 90 3
e(KS — m°7°) ~ 0.5 ¢(K§ — mtr™)

INFN
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BEUSN n'(= namtr ) (K2 — mtr7) INFN

Belle I

Selections 73, J

@ preselection at least one decay chain have been reconstructed
@ good candidate selection:
» My > 5.25 GeV,
AE € [-0.15,0.15] GeV;
M(nsz) € [0.52,0.57] GeV;
M(n') € [0.93,0.98] GeV;
M(7°) € [0.1,0.15] GeV;
M(KQ — 7+7~) € [0.48,0.52] GeV;
PID,(7%) > 0.2;
do(7*) < 0.08mm;
zo(n*) < 0.15mm;
N hitSpXD(ﬂ'i) >1
P-valueyu(Bo, 7', n, K?) > 1-1075°

@ if Neangs > 1, select candidate with highest P-value,(Bo, ', 7, KS()E;'

vV vV VY VYV VvV VvV VY VvYY

Stefano Lacaprara (INFN Padova) Hbb Padova 22/01/2016 17 / 38



/j

Distributions: all /good candidates INFN

B — n/(— 7737r7r+7r*)(Kf§J —7trT)

what??

] w @ Combinatorics
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private production (10k ev) “
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Distributions:

best candidate

(1)
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Efficiency and At resolution

what??
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E . Best cands MC true (1 0.125 ]
E| Best cands MC false [ 0.036
200
bt e o
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10 12 14 16 18 20
N candidates N good candidates
what?? X/ ndf 54.4/91
FroT \\\\\\‘\\\\‘"nrm 126 £58
1400 Fit Bias, 02850253
r o 1501
L ~~Core
120F Bias, 0,074 £0.1767
r Tail o, 3+00
100~ --outlier Bias, 02260247
L % 2+01
80r i 0285 0075
L fr 0.322 +0.037
60 B
£ <At>: 2.04 ps 1
40 7
20 T E
o S ST S D
-20 -15 -10 -5 0 5 10 15 20

2 (ps)
Better resolution (47%)

Stefano Lacaprara (INFN Padova) Hbb

(%)

Efficiency %
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D . )
Background reduction N

B® — n/(—= napmn ™) (K2 — 77n7)
Background MC sample BGx1;
L=30 fb—!;

really need to process the full MC5 dataset to increment statistics of
selected events;

NB No cut (yet) on continuum discriminating variable

larger contribute from cc

@ reduction is larger (~ 10x) than for 1,,channel (but € as well)
Sample # Ev (M) Skim (M) Cliim pre-sel  sel Esel
ul 48.15 1.023 2.13-1072 24037 14 2.91-10"°
dd 13.03 0.274 2.27-1072 6552 6 1.25-1077
S5 11.49 0.238 2.07-1072 9686 5 1.04-1077
cc 38.87 1.127 2.90-1072 56653 40 8.31-107°
total 111.54 2.662 2.39-10° 096928 271 1.35-10""
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Background distribution at preselection level INFN
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Y BO s (= maemt (K2 — 7070) INFN

Be//e pig

@ Channel not used in Belle

@ Selection ~ as before

» AE €[—0.15,0.25] GeV; (< 0.15 for kK — ntr~)
» (full list in backup)

@ combinatorics is even larger (~ 25
B% — /(= mapmtrT)(KS — n0x0) candidates per event)

selection is possible

| @ Sizeable SXF ~ 30%, smarter best cand
m 0 (K2 — 7°7%) ~ 0.5 e(K2 — ™)

$2%515-01-005 0 0.05 0.1 015 0.2 447045765 055 06 065 ¥
AE

Efficiency %

o | 1 preselection  35.5
. o & E good cands 10.1
| best cand 5.96

o5 768 095 1 105 11y d1s 008 04 012 0.4 046 0.1 0.2 43'6:35°0.4 045 05 055 06 ag 07
~ C SXF 3.8

-
INFN
C em
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D .
Outline

@ Summary and outlook
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-D
¥4 Channels summary

With some comparison to B® — ¢K%nd J/4¢(— 2u)K2 channels

)
INEN

C

BR Eff. SXF Bgnd.* At
B® —
107> sel. % %  -107° reso
319 ~t»— 1.2 2.43
/ +,— 0
7 (= Ny YK 1.1 13.1 10,0 21 195 2.25 ps
125 z+=— 3.5 0.58 2.04 ps
/ +,. — 0
MmOk 06 Teh oo 38 038 1.84 pst
352 te— ~ 20
+ 10—\ KO
o KKK 06 T L 2dips
b(— 27)K? 0.07 283 »ir ~700 142 ps
/(= 2u)K2 52 - - - 0.92 ps

* NB. w/o continuum suppression cut! t: to be investigated
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D )
Outlook (NN

Study is still very preliminary

So far only looked at signal  — nm 7™, with 7y, and 73.;

» look also at py channel;

» will analyze official MC5 production for signal (done only partially so far);

» selection still to be optimized, but first attempt is good enough to start
with;

e first look at continuum background (from MC5 campaign);

» No continuum suppression yet

need to look at peaking background;

signal extraction and fit to be implement
» synergies with B® — ¢KCanalysis;

Still long road toward a full scale sensitivity exercise, but at least started

C ST
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D . )
Selections INFN
Belle I (%

B — n/(— 17777T+7T_)(Kg — mO70) J

@ preselection at least one decay chain have been reconstructed
@ good candidate selection:

>

vV vV VvV VYV VY VY VY VY VY

Mpe > 5.25 GeV;

AE € [~0.15,0.25] GeV; (< 0.1 for k% = nn-)
M(n4~) € [0.45,0.57] GeV;

M(n') € [0.93,0.98] GeV;

M(7°) € [0.1,0.15] GeV;

M(K2 — 797°) € [0.42,0.52] GeV;
PID,(7%) > 0.2;

do(7*) < 0.08mm;

zo(7*) < 0.15mm;

N hitSpXD(ﬂ'i) >1
P-valueyu(Bo, 7', n, K?) > 1-1075

@ if Neangs > 1, select candidate with highest P-value,(Bo, 1,7, KS‘)“NZ?
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{B Distributions: all /good candidates
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Distributions: best candidate !

C

B°-n'( n(yy) m'm) K1)

T 50fF

B zestcancs E
[ - mc mateh 1 a0F 1
- - vSXF
3oF 1
20F 9

10

9 .20.150.£0.05 0 0.050.10.150.20.250. 045 05 055 0.6 065
AE

500f b
a00F E 10°F E 10’
300F B
200 4 10 E 10
100 4
&85 09 0.95 i 1.(‘)5 111 Nll 5 - D.;JE 0.1 0.12 0.14 0.16 0.18 0.2 &.3 0.35 0.4 0.45 0.5 0.55 0.6 D.RZ 0.7
. o K2
Most best candidates are true: SXF is small ~ 2% o E
(=
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Efficiency and At resolution
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preselection 38.2
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B Background distribution at preselection level INFN

Belle I
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D . )
Selections INFN
Belle I (%

BY — o/(— 773W7T+7r_)(K2 — m079) J

@ preselection at least one decay chain have been reconstructed
@ good candidate selection:

>

vV vV VY VYV VvV VvV VY VvYY

Mpe > 5.25 GeV;

AE € [-0.15,0.25] GeV;
M(nsz) € [0.52,0.57] GeV;
M(n') € [0.93,0.98] GeV;
M(x9) € [0.1,0.15] GeV;
M(K2 — 797°) € [0.4,0.52] GeV;
PID,(7%) > 0.2;

do(7*) < 0.08mm;

zo(7*) < 0.15mm;

N hitSpXD(ﬂ'i) >1
P-valueyu(Bo,n’,m) > 1-107°

@ if Neangs > 1, select candidate with highest P-value,(Bo, /', 7, thﬁ?
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D Distributions:

all/good

what??

candidates

T
— All cands,

. Good cands
. * MC match

10 3

10F E

100F

10}

107
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@ NB: channel
not used in
Belle

@ combinatorics
is huge

@ nand 7/
reconstruction
is good
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¥ Distributions: best candidate INFN
Belle I ( e
what??
T T T T T T T T
.Eesl cands
. " MC match
10%F E
== "SXF
10F E
.255.2555.265.2655.275.2755.285.2855.29 .2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 04 045 05 055 06 065 0.7
bc AE M"I
T T T T T T T T T T T T T T T T T T
102 E 10°F E
10%F E
10F . 10F 4
10 E
Lo 1 1 1 1 1 1 1 1 1 1 1ol
U—'.IBS 0.9 0.95 1 105 11 Nll.ls 7008 0.1 012 0.14 016 018 0.2 0.3 0.35 0.4 0.45 0.5 0.55 0.6 O.Rﬂ 0.7
o

™ K

| - g
Sizeable SXF ~ 30%, smarter best cand selection is possible
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