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Study Flavor Changing Neutral Currents (FCNC)

ner-p

New Physics in Rare B Decays

» Rare decay B° — p*w b N ' b_‘_ll_‘_ﬁ
* Highly suppressed in SM I D B
» Non-SM particles — modify BR vy | | I

+ Powerful indirect search for NP |

- BR,,(B, — 1) < 0.7-10° (95% CL)

* BR expectation: (3.27 £ 0.27)-10° 15 | j -
SM4

Lepsems(Bs = WW
+ Time-integrated: (3.54 + 0.30)-10°

1.0

» CMS and LHCb: (2.9 + 0.7)-10?

s Angular analysis of B® — K*ou*w M

K::_L L

+ Exclusive final state forb — s I'I- 0 RSc

109 x BR(Bg — pp)

10 20 30 40 50

BR = (1.06 £ 0.10)-10° 10 ¢ BR(B, = i*47)
* Angular distribution of 4 final state d - o . i
particles and decay amplitude sensitive » 7~ «f et 7

i, et

to NP (interference with SM diagrams) —z i

ut
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! ATLAS Data 2011 for B-Physics

S

Data-taken in 2011: = i3 ﬁﬁfgg;;:m‘""f’“y I

a ECM =7 TeV S 65_ [ ] ATLAS Recorded =

s up to 1380 bunches perbeam  § 50 Totipeierea 561" g

a 50 ns bunCh SpaC|ng E 4; Total Recorded: 5.25 fb —f

a| > 3.65x 10* cm?2s" 5 .f 3

s <u>=9.1 £ E E

s [ Ldt> 5.25 fb" recorded e g
1= —

10'F- ATLAS Online 2011, \&=7Tov | L5210 - R T T

Date in 2011

10° — B*=1.0m,<p>=116
— B*=15m,<pu>= 6.3

B physics analyses shown here:
« | Ldt> 4.9 b used

s Di-u trigger with p_(u) > 4 GeV

s Multiple primary vertices per event
— special discrimination applied

Recorded Luminosity [pb ']

0 2 4 6 8 10 12 14 16 18 20 22 24

Mean Number of Interactions per Crossing
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Search for B” — u'w
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B.° — u'u : Analysis Strategy

Relative BR measurement:

ner-p

1 EJ/wK+AJ/1pK+ fu + + + = g+
N . . ~—=-BR(B"=»>J/ypyK > K
o NJ/pr+ EMMAMM fs ( w - )

BR(B;»u"u")=

s Reference channel
+ Partial cancelation of uncertainties (on luminosity, efficiencies, ...)

» Blind analysis — mg. + 300 MeV blinded

s Signal extraction:
+ Counting NMl in signal region

+ Background estimation:
* |nterpolation from sideband data (even #'d events):

continuum & semi-leptonic B decays
® Resonant B — hh' with hadrons misidentified as u* (MC: 0.3 events)

* Limit by CLs method
s Boosted Decision Tree (BDT): suppress non-resonant background
o € XA =N g0/ Ny, from MC (“calibrated” on data)

* Systematics from data-MC discrepancies
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Continuum background:
s Dominated by bb — pup X
s BDT:
+ 13 discriminating variables
* Trained on MC

¢ optimized on sideband data
(odd #'d events)

Two most powerful

variables

Entries

—— MC bb to puX

7000 E MC signal

6000

5000 ATLAS Preliminary

4000 \s=7TeV
3000 J Ldt=4.9fb"
2000

Wolfgang Walkowiak - University of Siegen

= Data / MC

B.° — p*u : Background Discrimination

B

. Pr
AR_ B ilrac
prt Z Pt

ia Econe(AR)

1

Isolation

wn = L L =
CI:) ~ ATLAS Preliminary —*— Sideband data ]
c 4 — MC bE to pupX

w10 \s=7TeV E= MC signal _ =

Ldt=491fb"

—_
o
w

| \HIIIH‘ IIIHIHl IHIHII| T

10 e
1
QO 25 T
S ég HW i N L _,,,......’fT
g 05F - -
Qa 0 0.2 04 0.6 0.8 1
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_ j?B
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&
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B.° — u'u : BDT Selection

Selection optimization in 2D space:

s q :BDT event classifier

s Am : signal mass window width

s Maximize
P(A ) Sig
m,d —
1+\/kag

+ ¢__ from signal MC
sig
> kag in signal region

from sideband data
(odd #'d events)

=+ \Working point:
*q>0.118
* Am =121 MeV

" Wolfgang Walkowiak - University of Siegen

Entries / 0.011

30000

25000}

20000

15000

10000

5000

0

Sideband data °
MC signal

‘ T T T | T T T
ATLAS Preliminary

Is=7TeV
°° I L.dt =4.9 fb"

0.4
BDT output J
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N Ikt extraction:

s minimize overall systematics:
* selection as similar as
possible to B,

» same Bs-trained BDT

s unbinned max. likelihood fit
* per-event mass resolution om

s main systematics estimate:
¢ vary continuum background models

-ii-N -

J/\|1K+ -

15 214 £ 1.1% (stat) £ 2.4% (syst)

" Wolfgang Walkowiak - University of Siegen

B.° — n'u : Reference Channel Yield

% :l ||||||||||| I TTTT I T 1T I TTTT I TT 1T I LI | | T |:
= C - ]
- 3000 ATLAS Preliminary 3
-— N V\s=7TeV 1
0 C ]
g 25001 J Ldt=491b" =
LU C ]
2000 —e— Data -]
C —— Signal + background fit ]
1500 T m N e B* — J/y K* signal -
A F T "V T B* — J/y 1 background ]
1000 I - A Other backgrounds 1
500F- =
Obosomediua LT e :

10 20 30 40 50 60 70 80
SmJ/\uK [MeV]
% ; | | | T T T T | T T T T I I E
= 45005 ATLAS Preliminary 4+ Data =
Q 40005_ \s=7TeV —— Signal + background fit _E
; E PR A B* — J/y K* signal 3
"g 35005_ J. Ldt=49fb | { . ... Bt 5 Jy 1t background_E
= 3000 | Qe Other backgrounds =
L E 3
2500F E
2000F- =
1500F =
1000F =
500F 3
o I PO SOV, Ll GO . :
5000 5100 5200 5300 5400 5500 5600

1y [MeV]
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B — u'u:Resulton4.9fb"at7 TeV

> I
s Single-event-sensitivity: = 10 ATLAS Preliminary
— 1 €J/1pK*AJ/wK*.& ‘L‘o- ® Data
SES = Nj,q,,@‘ enndu  f *% — By MG (10x) ([
BR(B"»>J/yK*"»u'n K*) SR SCRITG
= (2.07+/—0.26(stat))-10™°
* Main systematics (£ 12.5%):
BR(B"), fu/ fs and e-Aratio %800 5000 5200 5400 5600 5800
IR 5 R I I R B~ M, [MeV]
O ; —+— Observed CLs E CLS methOd :
o'k B v 1o ¥ NE)kg expected in signal
- [ expecedcisszo —3 window: 6.75 events
otk . +BR(B,> —» u'uw) < 1.6 x10°
: ] s N observed in signal
3| _ATLAS Preliminar }:Lu
107 ¢ = .
= \so7Tev E window: 6 events
i JLdt=4.9 b ] +BR(B’ — un)<1.5x10°
10—4 | |

o 1 2 3 4 5 (@ 95% CL)

BR(B? — u*u) [10]
s [ATLAS-CONF-2013-076]
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Angular Analysis of B® — K*° u*u
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B° — K*® u*uw Angular Analysis e
= 4 kKinematic variables: \/ﬁ & \K;\\
* Di-muon mass g?
0
» Three angles: 0, 6,, ¢ %ﬁ By \Vx
d'T N \
dg°dcos©,dcos®, dd p -
\

s Limited by statistics — two integrated distributions:

1 d’T 3 2 2 3 2 2

= =—F cos O . +—|1—F l—cos™ ®
F dqdeOS@)K 2 L(q ) K 4( L<q ))( K)
1 d’T 3 2 2

o = =F l1—cos ®

I dg’d cos®, 4 :Aa )( L)

+§(1—FL(qz))(1+cosz®L)+AFB(q2)cos®L

s Extract by unbinned maximum likelihood fit in g2 bins:
* A,.(q°) - muon forward-backward asymmetry

» I',(¢°) : fraction of longitudinally polarized K*® mesons
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Background contributions:

B° — K* u*u Signal Selection

s B° — K* Jhy and B° — K*0 y(2S)

— veto mass regions in g2

& [(M(B®),o, = M(B?)ppe)-(M(HHL), oM (IY)5p0)| < AM

s bb — ppX, cc — puX (small)

> L L L D L L
— 1o, > 12.75 g 220E ATLAS Preliminary (s =7 TeV
&cos 6 . >0.999 = 200E" 0.04 GeV? < ¢ < 19.00 GeV? f Ldt=4.9fb"
¥ 180 A
Cut based selection £ 160 - Data
.. o ) Signal fit
s optimized on MC FOoT0EN L Background fit
_ 120 — Total fit
B° mass fit 4.7 o
. . 100
s Gaussian for signal 50 B
(with per-event errors) -0 h
s Exponential for background 40 o
206 /N =

s N, = 466 +34
oN_ =1132+43
g

00 5400 5500 5600 5700
m(Krup) [MeV]

P Bl - af S I
4%00 5000 5100 5200 53

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 12



BO

ner-p

Un-binned max. likelihood fits:

s Sequential fit approach:

* Fit mass distribution

— Separate signal and background

+ Fit angular distributions
— Extract A_; and F|

(fixed mass PDF & signal fraction)
s Performed in 5+1 different g regions

(like Belle)

— Total fit

cos 0,

o L ALY
o 100~ ATLAS Preliminary \s=7TeV ~]
2 - 4.30 GeV? < ¢f < 8.68 GeV? j Ldt=4.9fb"
o 80 —* Data
> . .
it - Signal fit
[ Background fit

IIIIIIIIIIIIII.CII

1

~208 06 04 02 0 02 04

0.6 0.8

1

cos6,;

u Wolfgang Walkowiak - University of Siegen

— K* u'uw A, and F, Measurements

ATLAS Prehmmary
4.30 GeV? < ¢? < 8.68 GeV?

Events / 40 MeV

30

20

vy
.
.~
.
e
..
e

10

j Ldt = 4.9 fb"

——

I....I....I....I..._h....I..

\s 7TeV

Data
Signal fit

Background fit
Total fit

= =

4.30 < ¢2 < 8.68 GeV?

4%00 5000 5100 5200 5300 5400 5500 5600 5700

m(Krup) [MeV]

c\'! LELEL I LILEL I LI} lI I II LI I LI I LELEL I T I LILEL I LILEL I LI |
o 100~ ATLASPreliminary \s=7TeV ]
2 - 4.30 GeV® < of < 8.68 GeV? _[ Ldt=49fb" 1
% 8o~ —* Data —
> Ce ‘
L - Signal fit -
LR Background fit
60 — Totalfit cos eK ‘ ‘ »
401 _______ —+— -
- Tl —— | L. y
L T S o SR -
20— —
O-I 1L I L1l I LA 1 I Ll 1 I Ll L I Ll 1 I L1 L I Ll 1 I L1l I 1L I-
1 -08 -06 -04 -02 0 02 04 06 08 1

cos0,
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B — K*® u*uw Results on 4.9 fb' at 7 TeV

o s e e T o | o B I S I I I I R
0.8E ATLAS Preliminary E 0.9F ATLAS Preliminary (s-7 Tev =
0_62_ <AFB(q2)> _i 0.8F ILdt=4.9 o’ E
0.4 ‘ + E g'gé_ Theory _;

- | ] Re] my —e— ATLAS —

O'ff_ —+— _5 0.55— + _:
02F E 0.4E ‘ E
2
-0:8 3 I Ldt = 4.9 b —e— ATLAS E 0_15_ <F|_(q )> _E
¢ [GeV?] ¢ [GeV?]

¢* range (GeV?) Nsiy Arp F;

s Measurement 200<¢>< 430 19+ 8] 0.22+0.28+0.14 | 0.26+0.18 +0.06
consistent with SM 430 < ¢ < 868 88+17] 024+0.13+0.01 | 0.37+0.11+0.02
predictions 10.09 < ¢*> < 12.86 138 +31| 0.09 +0.09 +0.03 | 0.50 + 0.09 + 0.04

s Uncertainties limited 1418 < ¢*> < 16.00 32+ 14] 048+0.19+0.05 | 0.28 +0.16 + 0.03
by statistics 16.00 < ¢> < 19.00 149 +24| 0.16 +0.10 +0.03 | 0.35 £ 0.08 = 0.02

100 <¢*< 600 42+11] 0.07=0.20+0.07 | 0.18 +0.15 + 0.03

" Wolfgang Walkowiak - University of Siegen
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~

s ATLAS result is competitive
in high g° region

" Wolfgang Walkowiak - University of Siegen
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B —» K* u*u- Comparison of Results

1_| T T T T T [T ]
C Theory O
0.9 ) —s— LHCb
: —a— Belle -
0.7 | —=— BaBar —]
- [ —a— CDF 3
0.6 | ; =
0.5 = —
0.4% —
0.3 1l—Ht —|—< E
0.2F | | =
0.1 | =
O: |||||| | 1 1 1 | 1 1 | 1 1 1 | 11 1 | 1 1 1 | 11 1 | 1 1 1 | 11 |:

0O 2 4 6 8 10 12 14 16 18 20
q° [GeV?]
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Conclusions

I /@ )/
ner-»

s ATLAS provides high-quality B-physics measurements
» Rare decay B°, — p'w
— ATLAS-CONF-2013-076

* Angular analysis of B® — K*u*uw
— ATLAS-CONF-2013-038

s Results from full 2011 dataset
— no signs of New Physics or significant deviations from SM

s Measurements statistically limited
*» Ongoing analyses on full ATLAS 2012 dataset (~ 20 fb™")

s Data from LHC Run Il may give final answers

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 16
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A Toroidal LHc ApparatuS (ATLAS)

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel deredor
\ LAr electromagnetic calorimeters

----------

Toroid magnets

Muon chambers Solenoid mqgnel' Transition radiation fracker
Semiconductor fracker

Inner detector and muon chambers most important for analyses presented

n Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 18
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%; Di-u Triggers for Low p_ Di-u Events
S B, —uu?
J/w (s) v
Fullm  range: > P 'T,'gg!' e
+Dimu 15-140Gev = 'OC w  guon, ATHAS Preimnan
o B _2mud_Bmumu a
Jhy — pu E 55  EF _muimu_Upsimamo Y(zs\;ms] -
« Jpsimumu 2.5 -4.3 GeV 10°e E
Intermediate m  range: 10k 5
s Bmumu  4.0-8.5 GeV - ]
3
Y - u'u 10 = _ - ..
s Upsimumu 8.0 — 12.0 GeV S mmnE lLf“"?-?flbl e
2 4 6 8 10 12 14
Adjust trigger rates by M. [GeV]

s Increasing w p, trigger thresholds
- Adding prescale factors

s | ifetime cuts at HLT possible

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 19
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% B — u*u : Preselection Cuts
General

<+ p;, >4 GeV, |nu| < 2.5 (both u “combined”)

< p., > 2.5GeV, n,| <25 (B

< Tracks: # pixel hits >0, # SCT hits > 5, # TRT hits > 8

< | tracks: good muon track quality requirements

Jy specific (B*):

<+ 2.915<m, <3.275 GeV

< J/y vertex x?/ndf < 10

ner-p

K* specific (B*):

=% |dj| < 1.5 mm Trigger selection:

-+ |z, sin 6] < 1.5 mm - EF_2mu4(T)_Bmumu (B,)
B, (B*) specific: 956% efficiency (pres. level)

< EF 2mu4(T)_Jpsimumu (B*)

- B, (B*) vertex x*/ndf < 2 (6) 52% efficiency (pres. level)

- p.>8GeV,n[<2.5
=& PV closest in z to B vertex

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 20



B.° — u'uw : Background from “Fake” Muons

¥

B — hh' (KK, Kr, ntr)

ner-p

B — hh' reconstructed as u '

-9 ~ T T LI ‘ I I I I | LI I I ‘ I LI I | I | I | I I I -
s Close topology < 0.06[~ —B./B, - kK ATLAS Preliminary —
— “quasi irreducible” > o My
s BR x (fake rate) ~ 10° S0.05- e
O | >
0 +r1- - 'By/B, > KK
— close to SMBR(B® — u'w) < 0,040 5ot Bft171 MeV i
s Estimated on MC By K'w B.A133 MeV

'By/By —

— contribution almost negligible  0.03

0.02

T B 1?3'1 MeV |
A > |

0.01

|
I'I'E-kl-\;
_t
|

5%00 5100 5200 5300 5400 5500 5600

Invariant mass [MeV]
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B.° — p*u : Background Discrimination BDT

D)
nre»r-p»

Variables to separate signal from background:

= 13 discriminating variables in Boosted Decision Tree (BDT):
+ Not correlated with invariant mass
+ Highest discriminating power
+ Excluded variables with high correlation

s Exploiting:
¢ PV-SV separation — ny, proper time significance

+ Symmetry of final state — |a.[, d, ...

» Full reconstruction — |a, |, d,, DCA, ZCA
+ B hadronisation features — p_(B), Isolation

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 22
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. B> — p'u : Background Discrimination BDT
Variable Description

Lyy Scalar product in the transverse plane of (AX - 5%)/| P2

Iy~ Ratio of | ﬁ?\ to the sum of | p’? | and the transverse momenta of all tracks with

1solation pr > 0.5 GeV within a cone AR < 0.7 from the B direction, excluding B decay products
|avp| Absolute value of the angle in the transverse plane between A and p*

prn Minimum momentum of the two muon candidates along the B direction

j74 B transverse momentum

ct significance

X3 Xiy

| ny ‘1111'11 ’ Dz ‘min

AR

| d[) |]_'L]ﬂX | d() |111'1n

Proper decay length cf = Ly, X mpg/pZ divided by its uncertainty

Significance of the separation between production (PV) and decay vertex (SV)

AXT. ((TE

-1 . .
M) - AX . 1n z and (x, y). respectively

Absolute values of the minimum distance of closest approach in the xy plane or along =
of tracks in the event to the B vertex

Angle +/(A¢)* + (An)* between AX and 5

Absolute values of the maximum and minimum impact parameter in the
transverse plane of the B decay products relative to the primary vertex

“' Wolfgang Walkowiak - University of Siegen
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B.° — uu : Data-MC Comparison ..ccour a0
« B* - Jy K* MC (rewelghted) vs sideband-subtracted data

ner-p

3
x1 03 x1 O L B B R B T
E 10— 'Data (SB subtracted) I |  m ] ..g 14: —+— Data (SB subtracted) =
© - ] - =
o - . - T 12¢ .
5 - . — s, - ' ]
g 8: ‘I MC signal ISOIat|On ] § 10:_ ny ‘I MC signal 3
o B ] - ]
tn SE  ATLAS Preliminary E S ATLAS Preliminary
4F Vs =7 TeV - 6; \s=7TeV E
n I Ldt=4.9fb" . 45 Ldt = 4.9 b =
2 ] oF- =
- — ] B ]
0 = 0 .
O - j = O 3;_I|_I —
s 6 = = g E
g 4 ' i 8 2 -
S 2 T ——. E o T i ———
0 0.2 0.4 0.6 0.8 . ‘II 2 0 2 4 6 8
Isolation (07)
o L L I L L L L T DL L L | = X'1 '03' L T T g1 ¢+ 1 ¢+ g1 T
© ATLAS Preliminary —+— Data (SB subtracted) E E 20 . —+— Data (SB subtracted) —
1C—) f n 18;_ _;
@ Ldt=4.9f" | 1 = 14E E
§ Pointing angle 1 & 12F ATLAS Preliminary 3
T 10 5 8 10= ; E
g 5 8;— \s=7TeV —;
w10 5§ 65 Ldt=4.9fb" E
4 10 O 4E =
@ 2= =
oF E
O | ' ' 1 O | | ' ‘ ‘ ' | :
R AU —— R ITTINI
o et tr e na Junnupunarfranannduabadenannnnananaondannage . - EL ! L. T LA A SRR R R =
A L e I B S LT
() E = (m)] E + .
0 0.5 1 1.5 2 2.5 0] 5 10 15 20 25 30 35 40

3 :
lot,p| [rad] P [GeV]
“ Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 24
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N
%

ner-p

s |solation variable:
B
_ Pr

IAR_

p ? + Z track

Pr
trackEcone(A R)

+ Tracks with p. > 0.5 GeV

excluding B daughters
in AR < 0.7 with

AR=VANW+A ¢’

s PV association of tracks:

* Removes interference from other
interactions

+ |solation cut efficiency is
independent of pile-up

" Wolfgang Walkowiak - University of Siegen

Isolation Variable

> T T T T R e BT
QC) O 9 :_ ——4&—— isolation without PV association, DATA _:
‘O ) E ——6—— isolation with PV association, MC E
E 0 8; ——A—— isolation without PV association, MC _
(b} "L @ H
= L ¢ L@’i@—-@ﬂ—@--& ]
S 0.6/ ﬁ.ﬁi + =
© - e .
e} 0.5 A -
L) - *5%1% ATLAS Preliminary J
0.4 A \s=7TeV B
0.30 i _[ Ldt=4.9f0" -

: e E

0'2:_ wﬂ—:ﬁ:ﬂq E

- 3 .

0.1 ikﬂﬁ =
O: | | 11 | 111 | 111 | L1 | L1 | | | | | | | | . | | . |7

0O 2 4 6 8 10 12 14 16 18 20 22
Mean number of interactions per crossing

Beauty 2014, Edinburgh, 2014-07-17 p. 25
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B — p'u : e x ARatio

ner-p

s Efficiency x acceptance ratio:

EJ/wK+A

EMMAMM

JIYK”

+ Determined on reweighted B_ and B* MC samples (w.r.t. fiducial volume)

s Systematic uncertainties:

+ Data-MC discrepancies of separation variables
— mainly Isolation and ny

Channel AXe Ry,
B* 1.317 + 0.008% (stat)
BY 4.929 + 0.084% (stat)

0.267 £ 1.8% (stat) + 6.9% (syst)

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 26
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B.° - utu: Limit Extraction

CLs method with profile likelihood ratio

- |ikelihood for CLs:

f/ignal region /sidebands
L = G(€ops|€, 0¢) G(REE|RYE  Gpone) P(N2E |€ BR+ NP'e - NIy p(NVFE| RPFE Ok

Xk

1/ses constraint R=A b/A constraint

_ 1 quantity value
with € = ses Nk 15214 + 1.10% + 2.39%
Rye 0.267 + 1.8% + 6.9%
SES (2.07 £0.26) - 10~
Ry 1.240 + 0.050
xp obs

N‘; | N 6.75 | 6
Nikg.s B 8
NB—)M} 0.30

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 27



% B.° - p*p: SES Systematics

s Summary of ASES/SES

* syst. uncertainties shown
+ stat. uncertainty of 2.1%

description contribution BF(B* — Jhy K*) =
PDG branching fractions and f;/ 1y 8.5% (1.016 £ 0.033)-10°
K* tracking efficiency 5% BF(J/y — u'w) =
vertexing efficiency 2% (5.93 £ 0.06)%

K* charge asymmetry. in B* — J/yK* 1%

B = JIyK= yield 2:4% f/f, = 0.256 + 0.020
Ry 6.9% S

total (comb. 1 quadrature) 12.5% using f /f =1

s Background contributions:
+ Interpolation from sidebands — 4% on Rbkg

+ B — hh' negligible

" Wolfgang Walkowiak - University of Siegen Beauty 2014, Edinburgh, 2014-07-17 p. 28
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Separation into 9 regions of di-u squared mass g-:

B — K* u*u g° Bins

nre»r-=>»

4 . Too little statistics due to trigger thresholds
s 2.00<0g%2<4.30 GeV?
s 430 <0g%<8.68 GeV?

4 : JIy veto
s 10.09 < g* < 12.86 GeV?
4 . y'(2S) veto

s 14.18 < g < 16.00 GeV?
s 16.00 < g% < 19.00 GeV?

s 1.00 < q? < 6.00 Ge\V?

[binning identical to Belle's]
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s Baseline cuts:
* p.(n) > 3.5 GeV

* |n| < 2.5 for all tracks

* y?n.d.f.(uu) < 10

* 846 < M(K*™) <946 MeV
+ p(K)>0.5 GeV

s p,(m) > 0.5 GeV

B — K*® u*u Selection Cuts

nre»r-=>»

s Jhy, y'(2S) regions are excluded

s Selection (cut values optimized):
* 1/At(B°) > 12.75
+ cos(0) > 0.999 — pointing angle
*y?n.d.f.<2.0
+ p(K*) >3 GeV

> [(M(B%),,, = M(B)pp) — (M), — MEUAW)pp0)| > 130 MeV
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Extended unbinned maximum likelihood fit in each g bin
s Sequential: first fit m(Knuw), then angular distributions

s Checked to give same results as single-step fit
(except lowest g° bin — systematics)

B — K* u*u Fit Strategy (1)

ner-p

Mass fit; N

L = H [Nsig ) Msig(mia 5m1) + NbCkg ’ MbCkg (m?")]
=1

s Signal mass PDF: (Gaussian with per-candidate errors)

Mio (Mg, Om,) = ! ex s _mBg)2
S1g S \/%Smé‘mt v 2(8m5m7,)2

s Background mass PDF: (exponential)

—A-m;

Mbckg(mi) — €
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Angular fit (per g2 bin):
N

B — K* u*u Fit Strategy (2)

ner-p

L= H[stig - Msig(mi, Om, |fixed) - AL sig(cos 0L ;) - ar(cos 0L ;)
i=1

Ak sig(cosOk ;) - ax(cosOk i)+

Nioke - Mbeg (milfixed) - Ar bekg (€08 01;) - Ak beig (€08 05 )]

s Signal PDFs:
3
Ar sig(cosOr,:) = ZFL(QZ) (1 — cos” QLJ) +
3
3 (l — FL(QQ)) (1 + cos” QL,i) + AFB(QQ) cos O, i
3 3
Ak sig(cosOk ;) = §FL(q2) cos” ki + 1 (1 - F(g”)) (1 — cos” Ox.i)

s Background PDF (Chebychef polynomials up to 2™ order):
ALy oke = 1+ Pir(r) 080y, + Par(xy (2c08” Opxy — 1)

s o, (cos 6, ), o, (cos 6,,) — acceptance functions
(detector and selection effects)
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ner-p

B° —» K*® u*u Systematic Uncertainties

AFB
: ,IXIr?SS|;I|1‘:' rbeagCiEnrO nd g° range (GeV?) fitregion ang. fit B* - K*p"u~ acc. maps  fit SUM
shgpl)Je grou 2.00 < ¢* < 430 0.02 0.01 0.08 0.01 0.10§ 0.136
a Contribution Of 430 < g < 8.68 0.00 0.01 0.01 0.01 0.013
B: _ K¢ l»'v+ll events 10.09 < ¢* < 12.86 & 0.01 0.02 0.00 0.031
s Acceptance effects 1418 <" <1600 003} oot f003) 0.02 0.050
. F|t mOde 16.00 < ¢* < 19.00 % 0.01 0.02 0.01 0.026
(Sequential fit approach) 1.00 < ¢* < 6.00 0.05 0.01 0.02 0.04 0.069

s Studied, but negligible F

sources: ¢° range (GeV?)  fitregion ang. fit B* — K*u*u~ acc. maps fit SUM
* S-wave contribution 200<¢*< 430 001 0.01 0.02 0.01 0.05] 0.058
> BSO — (I) u*u 430 < g*> < 8.68 0.01 0.01 0.00 0.02 0.021
contribution 10.09 < ¢* < 12.86 0.04 0.01 0.00 0.02 0.042
+ Bias due to fit model 14.18 < ¢*> < 16.00 0.01 0.01 0.02 0.01 0.025
(|inearity, 1 D_2D) 16.00 < ¢*> < 19.00 0.02 0.01 0.01 0.00 0.023
1.00 < ¢* < 6.00 0.02 0.01 0.00 0.03 0.034
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