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Recent Results

based on full BaBar dataset
~470 million BB (429 fb")

e Leptonic & Semileptonic B decays

e BtV PRD 88, 031102 (2013)

e B— D™tV PRL 109, 101802 (2012) and
Additional extra studies submitted to PRD, arXiv:1303.0571

e Rare B decays via electroweak penguin decays

e B K®vyy PRD 87, 112005 (2013)

e Bonl'l, nt"l accepted by PRD, arXiv: 1303.6010
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Standard Model + ??

e Standard Model extremely successful model!

e M, and M,: Spontaneous symmetry breaking

(A) Higgs found!

e Except... (to name a few):

e Cosmological evidence of non-baryonic Dark Matter

5% Visib : . g
= W e CP-violation source BlE BANG scae

for baryogenesis \ S
25% Dark Matter
1 O\ ——d

e Hierarchy problem:
Planck scale vs. Weak scale

70% Dark Energy '

e Unification of electroweak
+ strong forces
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Standard Model + New Physics

New Physics (NP) models may alleviate most of these short-comings
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e Most NP models predict additional particles

e Many predict additional Higgs bosons
* e.g. Two-Higgs Doublet Model (2ZHDM),
Today's as in the Higgs sector of MSSM

focus
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Searching for NP Particles

Direct production

or

» Requires very
high energy

* Has a limited
reach

"« Enables
%+ detailed study
of particle

i.e. LHC, Tevatron

Indirect detection

b u,c,t 3
BT u w KT
* Requires
high precision
to measure

rare processes

« Can probe
much higher
mass scales

(few TeV)

i.e. B-Factories

(BaBar, Belle, Belle 1),
LHCDb

Complementary Methods

Dana Lindemann
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Comparison of Channels

B — v B — D®)tv b — swv b — dll,
_ + Z,y
B@‘&@T @< - T D
u Y B o N D D& I d
'U-_, C,
* H" enters at tree level — « NP at loop level — probe multiple NP
access to NP parameters (tanfj/m,,) models up to TeV scales
* H* - ¢ coupling « m, — » Small SM BF rates — sensitive to
large NP effects in t channels enhancements from NP (including Z')
. Large 6., ~ 25% . Small 5, ~ 5% 3., ~ 15% « 9, ~ 15%
(fs IV, ) (FFs, [V_) (excl. mode FFs) (excl. mode FFs)
* BF ~10™ « BF ~ 2% * BF ~10° * BF ~10®
« ¢/ modes strongly « D™ provides e vv sensitive to dark- < £°0- mode fully
helicity-suppressed constraint matter candidates reconstructable
All are sensitive to charged Higgs —
BF enhancements/reductions are at leading order!
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The BaBar Experiment

1.5 T solenoid

EM Calorimeter

o PEP-Il storage rings
at SLAC

o Data-taking 2000-2008

e Full dataset=
~470 million BB (429 fb™")

Instrumented
flux retur

Drift
Chamber

Vertex Detector

o]
L

ol :
SN rar :
* Good lepton and /K identification 3%} /i :: :nee r(éy ._
e ~ Hermetic detector (91% coverage) bt E 110.58 GeV
(neutrino “detection” via p_. ) Tl ! . Iln_J: /
e Clean environment o f T AR o0 |
(rare decay searches) ° |1 as) t”uzs;. *wm‘;*;w m.w! 1(453"1 .

1
944 946 10.00 10.02 1034 1037 10.54 10.58 10.62
2
Mass (GeV/ic)
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Hadronic-Tag Reconstruction

« Multiple neutrinos — experimentally challenging
* Exploit e'e—Y'(4S)—BB production by reconstructing both B's

x r's, K's % Vas
MC B*;,— t[—pvv]v event .
’r+ N
; 1%

Bsig \

\
v N

I[;;;7tt0nS 1% *(pmiss in event |
\ J
@Check if rest
reconstruction: of event (+p__)
Fully reconstruct Btag consistent with
iIn hadronic modes signal decay

« High purity B samples with suppressed backgrounds
- B, 4-vector is determined
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Improved Tagging

Low reconstruction efficiency but ~2x efficiency over past algorithms

* *
Old By.,: D,D* New Byiag: D, D*, D}, D**, J/y
p— T T L T L N R P =R L L prerrprrrrprrrerres
% I I I I I I I I I E E SUUD
i. ' 630 decay chains ' = 1,768 decay chains
S30E Eff.: 0.21% ; Seoop- Eff.: 0.40%
8§ F : E 8 :
£ Purity: 91% 5 2 Purity: 75% /
= c — =
= : ] m 4000
VY E Correctly
mmz_ = 9000 Reconstructed
0 :.-.-. il s il o P AL PR B PR . 0 nls )
524 525 5260 527 528 5.20 524 525 526 527 528  5.29
mEes (GEV) mes (GEV}

Energy-substituted B-meson mass = 5.28 GeV/c?

— 2 — 2
MEes = \/Ebea,m o thag

Suppress e'e — qq (q = u,d,s,c)
background using
Event-Shape variables :

qq (y)— jetlike BB — spherical
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B—o1vVv

PRD 88, 031102 (2013)
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B*—1'v in SM and Beyond

i 2 R 7t No uncertainties from
B R < 5 hadronic (QCD) final-states!
G%mpT 2
B(B — EI/)SM = —F B’B

ST

Helicity-suppressed
B(B — ev)gm ~ 101!

B(B — ;LV)SM ~ 1077
B(B — TI/)SM ~ 10_4

|V .| and f, dominate SM uncertainty
f, = B decay constant (lattice QCD)

/Charged Higgs can enhance or suppress SM rate:

""' ?’Tl
B
B(B — ’TI/)QHDM = BSN[ X ( —v E}I_l_ﬁ
\W.S. Hou, PRD 48, 2342 (1993)| ‘Tn’H .

B(B — 7v)susy = Bsm X (1 —
\Akeroyd and Recksiegel, J. Phys G29, 2311 (2003)\

2
1 + €ptan 5 m3
where |€ [ < 0(0.01)
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PRD 88, 031102
(2013)

B*—1"v Event Selection

= Event Selection
' JEJF - Reconstruct hadronic B,
P & G Reconstruct 1-prong T decay modes
% "‘ v * eV, uvv, mv, and py—rly
Bsig R 7 e ~70% of total 1 decay modes

o
‘..-*

2-variable LH ratio for nv (p*_and cos6__)
4-variable LH ratio for pv (cos®,,., m_, m_,, p*)

Suppress continuum background using
event-shape variables

E distributions
extra

- Key variable: E_

« Sum of all neutral energy
not associated with B, orB,,

e Should be ~0 for signal
* Misreconstructions, split-offs,
& beam bkgs produce excess
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B*—1"v: Corrections & Fits

« Unbinned maximum likelihood fit to B

« Signal and peaking background PDFs taken from MC

- Combinatorial background PDF taken from m_¢ sidebands in data

N,,/60 MeV

- Validate E__ with data
using double-tagged samples

(fully reconstructed BB events)

PRD 88, 031102
(2013)

-
o 140F
8 120F

ssozﬂ

Soo;g Hadronic-
- Hadronic
2005_@% double-tag
100;: “ .

%oz 06 1 14 18 22

Hadronic DT, E [GeV]
extra

1800 Hadronic-
Semileptonic

1200 dOUble-tag

1000 %‘

800 v“

500 "

400 x

200

%02 06 1 14 1B 22

Hybrid DT, E___[GeV]

3100:

R

0.4

1 ] i
06 08
Epxira [GEV]

Decay ModeSignal yield B(x10™%)

N,,/100 MeV

T > eTup

T Ty
T = pTv
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4.1+9.1

0351084
. —0.73
Tt > utvr 129497 112409
171462 3.69+142

24.0 +10.0 3.787165

—1.45

53

stat errors only
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04

06 08
Epxira [GEV]

Results of all channels, separately

00 MeV

1 | |
04 06 0.8
Eextra [GEV]

N,,/100 MeV

1 | |
04 06 0.8
Eoxra [GEV]
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PRD 88, 031102
(2013)

B*—1"v: Combined Modes

A These hadronic tag results are combined
All T modes are fit simultaneously with BaBar 2010 SL tag results

BaBar Ha% 2012 (468M)
— u (1.83 "™ +o0.24pa10™ H . b
m 300-_ -.48
= L 4 Data
- BaBar SL 2010 (468M)
& 250" — Background (1.7 £0.80 +0.20p<10™ i . h
% - = = « Fit to Signal
N BaBar Combined
2020[]— Excess of events ?1 _?; *EH];{I?E-! ——e—] <
- =048
- atlowE_,
s Belle SL 2010 {(657M
150} (54 o 040" ' B
100}
- Belle Had 2006 (443M e -
S 2. (1.79 :;%E;”i“]xm*} -
50k o
- PDG pre-2012 —e—|
00. A N (1.65 +0.34p<10™
02 04 06 08 CKMiier (0.739 > x10°
Eextra [GEV] SM Vub exc (0.62 +0.12)x10*
~ SMVubinc (1.18 £0.16)x10"

B(B = 1v) = (1.83F 55 +0.24) x 1074 0 "781@%;4 ;

Exclusion of null hypothesis at 3.8 o (incl. syst.)

SM prediction depends
on how |V | is obtained

Dana Lindemann Aug 27,2013 - SLAC 14



0.7

0.6

0.5

0.4

PRD 88, 031102

Excess in B'—t'v (Pre-2012) =w

Results are in excess of SM values and with other

Unltarlty Trlangle measurements

I ! ] ! ; ; i : I ! y 0.30 10-3. — ——— ——— ——— —— Ip-valu%.o
- 3 r <M E ' '
- R CC I XY E | a
- E / Winter 12 J 0251 Pre-2012 4 o8
E&E sin 23_,.’-" sol. i tos 23 <0 —: : PDG ave. ] 0.7
:_E / {excl. at CL > 0.95) _: - 0.20 :_ _: :
o7 N i =
I Vbl | AE | 1 B
— m 0.10 L -
= C Global fitto 1 g3
\= 005 | Unitary Triangle] o2
o | o - ﬁl - S %; without B(B—»rv;j 0.1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 o0 Lot 1., Measurement 4 [ o
5 . . o : .
£ °F Type-Il 2HDM constralnt?n2
> . = {B(B—=T1v 2OHDM = Bbl\*[ — tan B B
Hints of New Physics? z ( ) <1 mH)
f - Inclusive |Vub|
. Y > . & "L 2012 BaBar BF  Exclusive |Vub
Or just statistical fluctuations ol s [Vub]
: . 2B
and/or under-estimation of
backgrounds? 05 — s ==

Dana Lindemann

tan B/m__ (GeV™)
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Dana Lindemann

PRL 110, 131801
(2013)
2012 Belle Results [ 7zmiines
* Improved hadronic tag reconstruction aBar Had 2012 (468M) g
« 2D fitto E___ + Missing Mass? (1.83 )y £0-24)<10 i i
extra BaBar SL 2010 (468M) , .
(1.7 £0.80 +£0.20)x10™ 1 . }
> f‘:‘.‘ 25 BaBar Combined
§ S 2 (1.79 +0.48)10™ e
pe L] Belle Had 2012 (772M
E =" (0.72 _*;:fiﬂ_ﬂ}xm"} i
= @ 10 ' SE |
: E Belle SL 2010 (B57M
& 20 g 5 (1.54 j::;”f’]xm*} H——t
[y | M Bl Sl L L I8 TSy SRy WA T 0 T e i ir e e BE"E Had DE MQM
0 02 04 06 08 1 0 5 10 15 20 25 08 2 A9M) — * —
extra{GGV) M7ss (GeV2ic?) i .?E; "T-‘EE-F’E Eﬂud
elle Combine
—
Sub-mode N € (10-9) B (10-9) ,ﬁﬂ'éﬁ £0.26)x10 !
= - = T11 : o 10,40 < PDG pre-2012
T e Vels 16;?__ 3.0 D,bB_HI?é (1.65 +0.34)x10" —e—]
TT = e 26718 31 106198
T 3TV g+10 1.8 0.57+0-70 Maive World Ave e
0, 14418 F0. 3 (1.15 +0.23)<10™ 00914
T~ =y, 14712 3.4 052707 Ve Sed) CKMiitter (0.739 ° ~px10°
Combined 62723 11.2 SM Vub éxc (0.62 +0:12)x10°
— _ SMVubiing (1.18 £0.16)x14™*

_—n.20| 0 1 24 3
° I BaBar Had ] .
2 ¢ BaBar SL B(B-v)x10
BN Ave Belle SL BaBar SL: PRD 81, 051101 (2010)
T | + Belle Had: PRL 110,131801(2013)
e Belle SL: PRD 82, 071101 (2010)
o - Belle Had: PRL 97, 251802 (2006)
E 0.05 : % ]
poo Ll o o 0 o L e s ]
0.5 0.6 0.7 0.8 09 1.0

sin 2 16




B —t'v at Belle |l

e Current world B—tv precision:

(6‘78) ~ 20% /Based on simulation studies for SuperB
1l.1ab—1

B »(plot by E. Manoni, see also arXiv:1109.5028)
JrrTTTTTTTTA I T [T ’ e

. &, dominated by statistical origin _
that scales with luminosity

+ 2012 BaBar

f Super B-Factory

« Belle Il B—tv precision: | ] ] ] -
5B 1 T 1
1.5 -
() ~ 3 — 4% o
~ SM(inclusive [Vub}) |
B 50ab—1 ;

* limited by experimental systematics
such as beam backgrounds

_l L1 | 1 /- 1 | | L | L | L1 L1 I_
0 '5{) 10 20 30 40 50 60 70 80

Integrated Luminosity[ab™']

* Belle Il B—pv precision

(58) ~ 5 6% BF(B—uv)/BF(B—1v) ratio
50ab—1

B independent of f |V_|

 currently unobserved
e experimentally clean! (2-body decay, only 1 neutrino)
« ~5ab’ needed for 50 discovery! | arXiv:1002.5012 |
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B — D® v

PRL 109, 101802 (2012) and
More detailed studies submitted to PRD, arXiv:1303.0571
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B—D™v in SM and Beyond

%
b VVJF/H+ < 1 e Larger rates and lower hadronic
I uncertainties than B—1v

Iy B =D D(*)

B(B° — D 1v)gy = 0.69 +0.04

B(B° = D* 1v)gm = 1.41 £0.07
| Chen & Geng, JHEP 0610, 053 (2006) |

dB  GEmB|Va2p% s |2 m2\ ? m2\ , 3m?
_ F | | | D()| 1_ T (|H_|_|2—|—|H_|2+|H0|2) 1_|__ |Hs|2
—

e 3 body decay permits study of other
observables sensitive to NP
(g distributions, D* and 1 polarization)

dg? 9671'%23 q> 7, 2q> 2q2
-
D® momentum  momentum Helicity amplitudes HeI|C|ty amplltude
in CM frame  transfer to tv common to e, ., T only relevant for t

e Spin-0 Higgs doesn't couple to all ~ ©nly H, affects D(t/v

helicity states — affects D and D* differently

signal Several uncertainties cancel in ratio:
P(B—?‘D(*)TUT) theoretical and experimental

R(D(*)) — F(B—?D(*)fy_e)g:.g,g IV, Leptonic signal decays have

Form factors same final event topology and
normalization /

similar efficiency as
normalization decays
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B—D®)tv Event Selection. @

PRL 109, 1018022

Event Selection:

m's, K's < - Reconstruct hadronic B,
L « Reconstruct D°, D*°, D", D*' candidates
: e /s Exactly one leptonic track (t—evv, uvv)
7 @ B ’T‘/ « Boosted Decision Trees to reduce bkgs:
tag A SIg A '5 e Mg event-shape, etc.
\
! Y « ¢>>4 GeV? to reduce bkg & B—>D*tv
o+ v\
1€ e p_._>200MeV .
miss o 15k —p
I ay, 1
3 | i DOy
- . 5 el : ; : i —
Key variables to discriminate signal from normalization: = | 1~ Dw
2 ¥y & = 5t .
m?___and p~, in Bsig rest frame Y > :
2 2 ) L
Mipiss = (Pete- — PBrag — DD — Pe) MC Simulations 5 2 0Gev?)
100b Signal 200F
r Normalization

— D*#Fly

—— Comb. + Cont.

Arbitrary Units
18I L 1%1 T7T

Arbitrary Units
Iél L) I?' LI}

3
1 rra
L
=1
rr[rr1

PR P [ —

%

=]
L
=

>m2,_ (Gev?)

curves normalized to 1000 events

05 1 15 2
p*, (Gev)
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PRL 109, 1018022

2 (2012)
B—D®)1v Fit Strategy
R(D(*)) 2= B(B = D(*)TV) e X from MC
B(B 2% D(*)EV) simulation
A
Sabs TR
e 2D unbinned maximum likelihood fit to m? .__and p*,
e 56 fully 2D PDFs, derived from MC and shapes fixed in fit ngﬁ;
150D E\ gfiy |
* Control samples to correct MC distributions: /| & + W D= (¢/7)v
e ’
e c'e —qq(y): Off-peak data (40 MeV below Y(4S)) | +:§‘ \
e Normalization decays: q* sidebands N

e BB Combinatorial: m . and E__ sidebands

e Simultaneously fitted yields:

e 4 signal & 4 normalization channels: D° D*°, D*, D**
e 4 D™n°fyv channels (to estimate D**{v contribution)

Simultaneous fit
Dana Lindemann Aug 27,2013 - SLAC 21



PRL 109, 1018022

B—D"tv Results 2912

B—D0/1 v Y| DTy

B D=

B D

B3 D" e
WD)
] Bkg.

Ry ) U

B—D*%/tv

.|.

=]
|

8o
|

+_-L ~ 52| e« Largest systematic
+ due to bkg PDFs

Events/(0.25 GeV?)
Events/(100 MeV)

B—Dl/tv

o Statistical uncertainty
dominates

B B & 8 B B &8 &8 8 o
T rr1rvrvyryryvyrvrgql

8

e ) 6 R i 15 2
Mo (GeVE) ;| (GeV)
Decay laig R(D™N B(B = D) (%)  Eawm
B~ — D"t v, 314 £ 60 0429 £+ 0.082 £ 0.052 099 £ 019 £ 0.12 £ 0.04 5.5
B™— D™ v, 639 4+62 0322 4+ 0.032+0.022 1.71 401740114006 11.3
B+ Dr v, 177 £+ 31 0.469 + 0.084 4+ 0.053 1.01 £ 0.18 &+ 0.11 &+ 0.04 6.1
B - D*"r 7w, 245 £ 27 0.355 4+ 0.039 £ 0.021 1.74 £ 0.19 £ 0.10 &+ 0.06 11.6
Isospin {E — Dr7 s 489 + 63 [D.ddﬂ 4+ 0.058 £ 0.042 ] 1.02 £ 0.13 £ 0.10 £ 0.04

constrained| B — D*r . 888 4+ 63 | 0.332 £ 0.024 4+ 0.018 | 1.76 & 0.13 £ 0.10 & 0.06 16.4

ijUOITeAISSqO ]S4




B—D®v Results versus SM

0.297 £0.017 SM

R(D) {0 440+ 0.072 BaBar

R(D>) = {

R(D) and R(D*) not independent
due to D* — D feed-down:
-27% correlation

0.332 +0.030 BaBar
0.25240.003 SM

-
-~

-

PRL 109, 1018022
(2012)

p \

F| Y
i b
I

| ‘
A L
F g

'
w

- 2
|

02

New Lattice QCD value:

| Bailey, et al, PRL 109, 071802 (2012) |

BaBar 2008
042+ 0.13

Belle 2009
059+ 0.16

Belle 2010
035+ 0.11

BaBar 2012
0.440 = 0.072

Averages do not include these results
Dana Lindemann

R(D)=0.316+0.012 + 0.007
— R(D™) deviation = 3.2¢

0.2

04

0.6

08

R(D)

Belle 2007
044+ 012

BaBar 2008
030+ 0.06

Belle 2009
047+ 0.10

Belle 2010
043+ 0.08

BaBar 2012
0.332 = 0.030

Belle's conservative
R(D™) estimates also

sh

A. Bozek, FPCP 2013

SM Aver.
——A
L
=T
03 04 05 06
R(D*)
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Effect of H* on g2 of B—>D®'tv

e ¢ spectrum impacted by scalar helicity: g2HPM ~ gSM (1

P-waves have lower
g? spectra due to additional
factor of [p* |* in decay rate

Destructive interference until
H* and SM contributions
are equal (~0.31 GeV"')

Higgs contribution
dominates at high tanf/m,,

— SM
— tanf/my- = 0.3 GeV ™!

tanB/my- = 0.5 GeV ™!
— tanf8/my- = 1.0 GeV ™!

Dana Lindemann

+ 005

a

an’s ()

m%H 1 Fme/myp

+ for B—>D*1v, - for B—D1v

)

BE;E E-WEWEE,:“ w+ S,F,D-wavc}s': i W+
- ’.a at E - — N
§:—— 08 B{q——_—_4}D
Spin-0
S-wave . H* Spin-1 F-wavﬂﬁﬂ H*
= ‘_,-" 2 E_;E -
B B{,_—___4}D
0.2

0 12 = 0 12
g’ (GeV") a’ (GeV™)

B—Drtv more affected by spin-0 contribution than B—>D*rv|

Aug 27,2013 - SLAC 24




PRD 109, 1018022

Type-ll 2HDM

2
2 2 m
HQHDM "y HSM (1 tan }8 @ ) B(B — TI/)QHDM By X (1 — tan? 153 B)
s ~ A1y X o 2 — mH
: 2 T BaBar B—tv
PDFs re-calculated in 2HDM context = of B 2HDM Incl. [Vub|
for all values of tanf/m Tt M 2HDM Excl. [Vub|
o 08 B 4
- BT
S [] BABAR 2
B 2HDM % 0.1 0.2 03
0.4 tan B/m . (GeV™)

B —>D *TV

/" Combination of R(D) and R(D¥*)
03 excludes Type-ll 2HDM
in full tang-m, parameter space

e

/v'w

0.2F Y : . 0/ [
N5 e s With probability of >99.8% (~3.10)
Standard Model at 0 tanB/my+ (GeV™1) (with m,, >15 GeV,

m,, = 300GeV already excluded by B—Xsy)

R(D) : tan 8/mg+ = 0.44 £+ 0.02
R(D*) : tanB/mpg+ = 0.75£0.04
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Exclusion reach of Type-ll 2HDM

=
g

oL BaBar 2012 B—1v
- Assumes inclusive [Vub|

50
Excl. at 2a
L Exel at 3
0 i :
0 500 1000
my, (GeV)
60 LR AL R RN
> ATLAS ]
sol My Vs=7 TeV A
Data 2011 .[Ldt =46 1
40

— — - Median expected exclusion

L[] observed exclusion 85% CL
30 ------ Observed +1o theory

-==== Dbserved -1o theary

IIII|IIIIIIIIIIIIIIIIT

0
90 100 110 120 130
JHEP 1206, 039 (2012)

Dana Lindemann

140 150 160
m,, [GeV]

BaBar 2012
B—D®)tv
Q.
5 Excl. at
= - 30
4o
N 50 B
; l ; ; l : . ; ! . ; : |
400 600 800 100C
myg+ (GeV)
60 s=7TeV L=2.31H" CMS
< 15H'b, H 51y / B—1tv and
E 1,+]ets, nr:::u:h, and ey final states
S0F arseey= 1 CMS B—D®ty
1=200 GeV
40 searches are

{9 Expected median =10 ]
Expected median +2 ¢ ]
salas s i

Observed
=-=-= Dbserved +1a (th.)

Excluded

g.. | M |

0 100 110 120

JHEP 07, 143 (2012)
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130

140
m

H

150 160
(GeV)

complementary to

t—bH"
Lt

searches at LHC
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Type-lll 2HDM

arXiv:1303.0571
submitted to PRD

Type-ll 2HDM:
one Higgs doublet
couples to up
quarks, one to
down & leptons.

Subset of Type-lll
S,=0
_ 2
S, = m,m. tanz
m

e Type-ll has no
solution for both
R(D) and R(D*)

» Type-lll has —»

4 solutions
forreal S, =S,

(more for complex values)

Dana Lindemann

Type-lll 2HDM: More general charged Higgs model

Heﬁ' —

4GF Ve
V2

(©1uPrb) (74 Puvr) + Sr(cPab) (TPyv:)| + S1(Peb) (TPrv,)

Datta et al, PRD 86, 034027 (2012); Crivellin et al, arXiv:1206.2634

R(D) and R(D*) depend on 2 independent NP parameters (S, S,)

R(D*) = R(D*)sm + Ap-Re(Sr — S1.) + Bp-

Sr — Si|?

| A — 1 T
" BABAR Favored at i
2__ preliminary Io o 3o ]
or §
I X i
)= g _

Aug 27,2013 - SLAC

- = Type-ll:
SR+ SL: SR_SL

X SM value

X Measured
value for R(D)
in Type-lII:
S, £8 =-1.51

2



arXiv:1303.0571

Type-lll 2HDM Exclusions “==="

tanf3/m,, = tanf3/m,, =
SM 0.30 GeV'! 0.45 GeV'!
tanp/m,,, affects (S, =S, =0) (S,£5, =-0.67) (S,£8, =-1.51)

(bkg-subtracted,
efficiency corrected)
signal g2 distributions

\

- B—Dtv

T g T T

=

-BABAR

" preliminary

Welghted events/(0.50 GeV-)
=

Weighted events/(0.50 GeV™)

Weighted events/(0.50 GeV*)

BABAR " Favoredat ] p-values of g2 plots B — Dr i) B— D*r v,
2+ preliminary llo 20 3o —_ SM 83.1% 98.8%
o T {1 tanf/mpyg+ = 0.30GeV ! 05.7% 0R.9%
+ 0__ _ tanﬁ,."m;,w = 0.45 GeV ! ‘Iﬁ? 97.9%
N i
P - p-value (with syst.) excludes solutions
[ e . . ] around S £ §, = —=1.5 with >2.90

(=)}
S
o
o
[o®]
e

Dana Lindemann Aug 27,2013 - SLAC 28



B—D®tv at LHCb?

o Undefined initial state in pp collisions — no kinematic B-tagging, no m?

miss

e Large boost in forward direction & excellent vertexing resolution
— sufficient separation between B and t vertices

e 71— mnnv to define t decay vertex

e D + “slow” n provide t birth vertex & t direction

300 LHCDb very preliminary
0.37 fb

Events / (58 )
&

Ba—D*Tv, T—=1rmnmv

B.— DX inclusive

1300 1400 1500 1600 1700
m, (MeV)
By— DX inclusive Anne Keune, Ph.D. thesis, EPFL (2012

Possible yield at 3 fb"' (assuming o(bb) =250ub, BF(B—D*1tv)=1.2% and &=0.01%)
N(B—D*tv , D*—D, D°—Kn, t—nnav) ~ 1800 events (compared to 888 at BaBar)

Malcolm John talk at “Workshop on B — D** decays and related issues” (November 2012)

Dana Lindemann Aug 27,2013 - SLAC
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B — K®vy

PRD 87, 112005 (2013)
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Electroweak Penguin Decays in SM

Flavor-Changing Neutral Current (FCNC) processes
(b — s or d) are not allowed at tree-level in SM

-3 x
5 a
o

. . . } d,s
> b . > - ;
u,c,t u,c,t
weak “penguin” diagram box diagram r- +
v, V,t

Radiative Penguin

SM expectations -
- Dominated by top-quark exchange — BR(B — K*vv) suppressed by |V |
e BF(B -K®vv) ~10°
- b—d further suppressed by |V /V [*~0.04 compared to b—s
e BF(B > n/m{t) ~103°
« ("0 modes also have EM penguin (y) — long-distance theoretical uncertainties
» Exclusive searches — largest uncertainties from B — K®)/n/n form-factors

Dana Lindemann Aug 27,2013 - SLAC 31



Penguin Decays Beyond SM

Theoretically well-understood — precision tests of SM

New Physics can enhance Branching Fraction at leading order:
e New Physics entering in loops =
e Non-standard Z or Z' couplings

e |nvisible NP in addition to neutrinos

—

New Physics can modify
angular/momentum distributions,
lepton flavor ratios, CP asymmetries

Dana Lindemann Aug 27,2013 - SLAC 32



PRD 87, 112005
(2013)

B—K®vv Event Selection

B(B — Kvv)gy = (3.6 —5.3) x 107°
6.8 —13) x 107°

Altmannshofer et al, JHEP 0904, 022 (2009)
Hurth et al, Nucl. Phys. B 808, 326 (2009)
Bartsch et al, JHEP 0911, 011 (2009)

4 channels:

< A e B"—»K" vv

e B">K’w (K '—n'r)

« B'—K*w (K**—K’ K 1)
e B'—K*v (K*—K'n -, K °n°)

Event Selection:

. Btagj and K® reconstruction

* No additional tracks
« Suppress continuum bkg using LH ratio of event-shape variables
« Restrict to low values of E

extra

- Correct MC to data using m_. sidebands

Dana Lindemann Aug 27,2013 - SLAC 33



B—K®vv Kinematics

. . e e T
Kinematic variable: s, = q°/m_

« Normalized invariant mass of vv
* Report 2 results:

» Cut & count in s, < 0.3 for SM sensitivity

* K (K*) momentum of = 1.7 (1.8) GeV/c
« Partial BFs over full kinematic spectrum for New Physics sensitivity

Dana Lindemann

PRD 87, 112005
(2013)

Ilt I
= 15}
"r-«‘; K* + invisible scalars
B
&3]
L: 10
T
=)
I':E: 5 L = -
= Expected SM
o
*®
=
= ;D - i . i . . . i . . . i & " : i
0.0 0.2 0.4 0.6 0.8
5 2 Altmannshofer, Buras, Straub, Wick
S, = q°/m, JHEP 0904:022 (2009)

34




B—K®vv Results e

1)

15}
S r
@ 10F =
Q ¢
[= 5; ‘ ! E
. U:+ .’f’f/f’f1r+:r':/4// ‘/M |
15F po_ gy Signal arbltraw sc Ie) E

Combinatoric Bkg

\\

n
TTTTITT|TITT

Ui:::: R R SEE e aaaRRE SRR EE
15
10}
5/

8

F B'K*"vy 5
158 7 e E

10F e

5F | :
U: ﬁ//f//m IRy

0 010203040506070809 1
Sp

PRD 87, 112005

Branching fraction UL at 90% CL

with Sp < 03
K'vy K'vww | K*'vw | Kty ||
(>04,<3.7) | <81 <I11.6 <93 }x10°5
(>0.2,<3.2) <179
4

- Best B—K"vv Limits using hadronic B, 's
e First lower limits at 90% CL on B—Kwv

(excess ~20)

—t
T
|

» Partial BF's set
BF upper limits
on several NP

models at O(10°)a

o
o tn

o
[4)]

—
o

%9 (x10™*) Branching Fraction (x107)

o h
T

o
o
(%]
oL
Y
o
o))
o
o
—h

Dana Lindemann Aug 27,2013 - SLAC 33
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B—K®vv: NP Constraints —

Wilson Coefficients
describing qq—vv :

Cv 2 Cv 2
- VICEP +ICH] .~
|CL,SM| RH current
y— —Be(CLOK) / C.=0in SM
CTI? + |CRI?
New Physics scenario with

invisible scalar contributions
(Onlv theoretical uncertainties shown)

€

= These constraints

- = = Sl-tag constraints:
e B+ >K+vv < 1.3 x 10°
e B+ 5>K*+vw <9.0 x 10

Altmannshofer, Buras, Straub, Wick, JHEP 0904:022 (2009)
Dana Lindemann Aug 27,2013 - SLAC 36



PRD 87, 112005
(2013)

B — K™y ; Jiy, y(2S)—w

« Same event selection as B>K®vv

 Narrow cc resonances analysis, but restrict m - (i.e. s;)

to invisible decays can only
occur in the SM via Z° to'mags of Jyand 1(28)

| EB”I—}E*%E | lJ/\|1I \p(éS) I
BF(J/\|J—>VV)

~2.5%10° -

\S

. U - LS Waff/ﬁ///ﬁ
* New Physics (e.g. SUSY, 0 05 115 2 25 3 35 4 45 5
low-mass dark matter) can m - [GeV/c?]

increase or decrease BF
First ever
search!

e i.e. BF(y—y%°) ~ 107
27,2013 - SLAC 37

w2
<
]
N
Entries/(0.2 GeV/c?)
=

Chang, Lebedev, & Ng, J/\V_)VQ < 3.9 x107
c\\//g Phys Lett B441, 419 (1998) \|l(28)—>v§ <155 x 107

at 90% CL




PRD 87, 111103 (2013)

B—)h(*)\/; at Be"e 772 million BB

X107
> = 1 B A X
Q QO [ BF Upper Limit | Previous A
- = Mode 90%CL Belle/BaBar
8 é B — Ktup < 5.5 13
= =
S 2 B® - K% <9.7 5.6 (x0.5)
I | |
Bt 5 K*tup 8
B° - K*%p 12
BT 5 ntup 10
B° = n%up 22
E.c [GeV] E.. [GeV] o Prr
N :—I.TfH(stat) + 1.5(syst) N = —2.371%2(stat) 4 0.9(syst) B" = ptup ' 15
25
B 1 E B — ¢vp <127 5.8
®
20 S
e 1 5 Best Limits to date
g S
w W 1p
;  Signal yield < 0 for B—>K*vv
= e Best limits for B—>K*vv
1.2 =
E.. [GeV] 80

Eec. [GeV]

N . = 13.3*7-4(stat) + 2.3(syst) Nsig: 15.277-2(stat) & 1.4(syst)
S1g

Dana Lindemann Aug 27,2013 - SLAC 38
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B—K®vv at Belle |l

0.5?
0.4

0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4

pected

constraints .~
at 75 ab%/

L T f =

‘-B_) *

-0.5

e Predict 15-25% precision on BF at 50 ab™

e Expectto measure F, (polarization fraction)
of B—>K*vv to ~50% precision (currently unmeasured)

Dana Lindemann

Aug 27,2013 - SLAC

Bas

BR(B' - K*'vV)[x 10°

BR(B — K*v V) [x 107]

ed on simulation studies for SuperB

20
18

16}

14
12

10

I =

-
R

......................................

30

---------------------------------------

B—Kvv SM —

=

30 observation

.......................

30

40 50 60 70 80
Integrated Luminosity[ab™'|

30 observation

40 50 60 70 80
Integrated Luminosity[ab™']

larXiv:1008.1541 |
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B—-oam U

accepted by PRD, arXiv: 1303:6010
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B—n/n €70 Expectations

SM expected rates (excluding charmonium):
B(BT — nt¢T07) = (1.96-3.30) x 1078

B(B® — ntte7) = (2.5-3.7) x 1078

Aliev & Savci, PRD 60, 014005 (1999)
Erkol & Turan, Eur. Phys. Jour. C 28, 243 (2003)

Expect ~10 signal events in
full BaBar dataset of 471 million BB

B — w'uu recently
observed at LHCDb

LHCb (1 fb") B sr iy
24+0.6+02) < 10" B* > K" pe -

b2
=

—
Ly

.E*—}:rr*':r*r:'

Candidates / (20 MeV/c®)

10 Part. reco. _:

B Combinatorial

.................... 5 g

0.2 Two-Higgs hl { i

— _x___fﬁ“]}oublet Model _ 0 7
+q&:. el 1 — 5000 5500 45{]'[!1‘.] 6500

MeV/
g 015 JHEP12 125 (2012) Mo | ]
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arXiv:1303.6010

B—n/n 10 Event Selection

Fully reconstructable final state
(No B,,, reco necessary)

6 channels (where £ =€ or p):
e B'—7’ 074
e B"Hu" (-
e B'—n 7L
(M—n'nn’ or n—yy)

e |Lepton pair + mor n candidate
e p,>300MeV/c

First ever
search!

e Continuum and BB bkg
suppressed using neural nets
for ee and ppu modes (4 NN total)

« Event topology, kinematics, E

miss

Background specific vetos:

e Charmonium
« m,, vetoon J/yand y(2S)

» Used as high-statistics control sample

 Two-photon events: e'e—e’e qq
* Hadronic decays: (e.g. Bonn'n)
* Charm: B—Dn, Dn; D—nn, K, 17,
with hadrons mis-IDed as muons

Dana Lindemann Aug 27,2013 - SLAC 42
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Fit to B/ 00

Bt s ntete” BT =5 KteTe™
e 2D unbinned max likelihood fit: |% | BaBar | w40t pipar ;
= 20F preliminary - > | preliminary
] 1 &
MEs = \/Ebeam _p}j‘ s § 10 §
S S
‘&E: B~ Bream EU“'“'.."“."“‘T"."..... E
s 5.24 52?} {%Bz 2 5.24 5.%% 5;232
ev/C .
Combinatoric Bkg Es ( ) s ( eVic )
Signal — : . . -
B_)Kwﬁ-s 30 >
O
e Large B—K'('( bkg a
e From K's misidentified as n's =
e Simultaneous fit with ©"¢*¢- £
e Provides BF validation 2
e Also, lepton-flavor and/or et
: . : . 0.2 02 02 -01 0 01 02
isospin-constrained fits to M (GeV) AE (GeV)

combine channels

Dana Lindemann Aug 27,2013 - SLAC 43



,._. —
= L
T

L

—

524 526 528
my (GeVic?)

Events / ( 0.0025 GeV/c2)

Events / ( 0.025 GeV )

Dana Lindemann

B—n/n £*0- Plots

BaBar Preliminary

=

Events / ( 0.0025 GeV/c?)
L]

5.24 5.26 5.28
myg (GeV/c?)

Events / ( 0.025 GeV )

02 0 02
AE (GeV)

10— —r—rr

=

Events / ( 0.0025 GeV/c?)

5.24 5.26 5.28
myg (GeV/c?)

Events / ( 0.025 GeV )

02 0 02
AE (GeV)

B® = oy’
(e)

.
e

o
=

Events / (0.0025 GeV/c? )

5.24 5.26 5.28
myg (GeV/c?)

Events / ( 0.025 GeV )

02 0 02
AE (GeV)

No significant signal observed '

Aug 27, 2013 - SLAC

b2
=

Events / (0.0025 GeV/c? )

Events / ( 0.025 GeV )

arXiv:1303.6010

B” = fanp p
(g)

[a—

[
]

A

=

5.24 526 5.28
mygq (GeV/c?)
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B—n/m €70 Results

Branching Fraction UL at 90% CL

arXiv:1303.6010

BaBar Preliminary

Constrained by:

Mode B(1078) Upper limit (1078) | Previous BABAR (10~8) | Belle (1078)
Bt s atete | 43739 +£20 12.5 18 8.0
BY s ml%te | 12734402 14 29.7
B® s pete- | —4.0T1%0 106 C10.8 D - LHCb -
BT s rtutp~ | —0.6735+0.9 5.9 28 [2.4+0.6+0.2 I6.9
i B - nutp~ | —03755+£06 | 51 18.4
a B —»qutp~ | —2.078(+04 | ® LS 112 - -
.8 { B — meTe” 40T55+16 | 9 "é 11.0 . -
& B — wutu” -0.7751+12 | o= 5.0 - -
E J| B ot 1.6138 +1.2 E g 6.6 12 4.9
S B oo | 05t38+03 |2 253 D 12 15.4
> B — mlte 1.6132+10 | {5 64 9.1 6.2
8| BVt | —28786103 5.9 D i i
 Best limits to date for B'—n® £
e First search for B>—n £7(
« B'»n' ", B">n’t", B">n{"L upper limits
all a factor of 2-3 above SM predictions
Dana Lindemann Aug 27,2013 - SLAC 45



Conclusions

e New results from BaBar on B decays sensitive to New Physics
e BR(B — tv) observed at 3.80

e R(D™) from B — D™tv excludes SM by 3.40

 Excludes Type-ll 2HDM by 3.10 :
e Constrains Type-lll 2ZHDM model
e First lower limits for B—>Kvv

« First search for y(2S)—wv
e Best limits for B— a0 (-
e First search for B— nt(

e Belle Il sensitivity expected to reach SM BF values
for B— K®vv and B— n/m{"l- and provide improved
precision of B — tv and B — D®)tv measurements

Dana Lindemann Aug 27,2013 - SLAC 46
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Back-ups
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B—1tv Details

Decay Mode e (x10~%)

Signal vield B(=x 10~

.1:|

v s etup 247+£014 41491 I:],:mja;gé
TT = pTve 245+ 014 129197 1.127 50
T =Ty 0.98+0.14 17.1+£62 3.697 33
T = p v 1.35+0.11 24.0 £ 10.0 H.Tﬂj]ﬁ‘i;
combined 62.1 +£17.3 1.8379-%2
Source of systematics B uncertainty (%)
Variable et ,u'..!.+ ar p-:- ﬁldditi‘-"ﬂ
e ~ 10% Background PDF 10
Cluster energy ( MeV) = 60 Signal PDF 2.6
CDEEI'}?' '::: [].95 ':: {}.HU ":: U.fj-;.:l ":: D.El rJ:EI'_g-B Emciﬂnc}, 5.[]
Lp > 0.30 > 0.45 .
B counting 1.1
Electron identification 2.6
Muon identification 4.7
Kaon identification 0.4
Tracking 0.5
MC statistics 0.6
Total 13
Dana Lindemann Aug 27,2013 - SLAC 48



+Largest syst. due to backgrounds

B—D®tv Systematics

Source Uncertainty (%)
R(D) RO | o

D** £ background 5.8 3.7 0.62
MC statistics 5.0 2.5 | -0.48
Cont. and BB bkg. 4.9 2.7 | -0.30
Esig/Enorm 2.6 1.6 0.22
Systematic uncertainty 9.5 5.3 0.05
Statistical uncertainty 13.1 7.1 | -0.45
Total uncertainty 16.2 9.0 | -0.27

-«Small uncertainty on etficiency ratio £ss/Enorm

-« Statistical uncertainty dominates

Dana Lindemann

Aug 27,2013 - SLAC

Correlation between

- R(D) and R{D")
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2HDM yields & efficiencies

e PDFs re-calculated in 2ZHDM - \

context for all values of tanf/m,, PDFs re-calculated in the
, : 2HDM context
Fitted Yields
B — DTy, B — D1, E
= —JLLHII L:f:‘
E E =
1 1
- e

il D2 04 D6 OB | 0 D2 04 06 0 OF 1 2 2
tanfkm,, (Gev | tnfiim,, (CeY M _ m:msu {:G'Ev :I
Efficiencies =1
B = D*1u, é

L] o

(D 71) gy (%)

L ,
] 02 04 06 OX | o 02 04 06 0OE |
tanflm,, (GeV™') tanfiim,, (GeV™")
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B—D®tv at Belle

A. Bozek’s averages shown at KEK-FF 2013:

(naive averages for inclusive and exclusive hadronic tags)

SM deviations:
R(D): 1.40

— PRL 99 (2007) (535 x 109) R(D*): 3.00
:{gl) _0(')44:3851+060()9j7 PRD 82 (2010) (657 X mﬁ}f Combined: 3.30
= V. = V. hep-ex,/0910.4301 (657 x 10°)

Correlation btw R(D) and R(D")
neglected conservatively.

Constraint on Type-ll 2HDM:

0.5F

P LA
»

Experimental R(D!™)
dependence on tanf/mu

o Excl. at not considered.
a 3o Experimental correlation
EE- 0.3 SM - 40_

— e between R(D) and R(D")

not considered.

0 0.4 0.8 0 200 400 600 800 1000

tanB / mu [GeV-1] m,,. [GeVc?]

Belle and BABAR average deviation from SM

Y. Horii @ Beauty 2013 @ R(D*) 3.80
A. Bozek @FPCP 2013

@ R(D) 2.40
@ R(D™)) 4.80

Dana Lindemann
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B—D®tv Summary

arXiv:1303.0571
submitted to PRD

R(D) R(D") R(D)VR(D*) | g* spectrum
SM X (2.0 o) X (2.7 o) X (3.4 o) v
Type I 2HDM v v X (3.1 0) ~
Type III 2ZHDM v ¥ v a
Non-0 spin NP v v v v A—J

-~

g? data distribution consistent with non-zero spin NP (P-wave contribution)

50

B— Dty

BABAR
preliminary |

ta;nB/mH+ = 0.45 GeV'

Dana Lindemann

0.0}

0.15}

0.1f

12
g’ (Gev™)

Aug 27,2013 - SLAC

— SM
— tanB/my+ = 0.3 GeV !

tanf/my+ = 0.5 GeV ™!
— tanfB/mpy+ = 1.0 GeV ™!
S-wave . H" Spin-0
E -Il_.--'Il -
-3 P — 2
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B—K®vyy Partlal BFs

- Partial branching fractions in s, = 0.1 bins

* Provides model-independent sensitivity
to New Physics models

* Places upper limits on branching fractions
of several NP models at O(107)

BF in bin ¢ € fraction

obs bkg sig
Nblﬂ Nbln Eblﬂ

AB =

* Invisible Scalars Model example:
» € fraction: ~85% in s bins 0.2-0. Ry

» Divide “sum” of bins byEfractlon
BF central value = (0.357’) ) x 10

e Corresponds to 90% CL BF Upper
Limit of ~4.2 x 10 for this model

Dana Lindemann

PRD 87, 112005

Aug 27,2013 - SLAC

(2013)
lJ:Z’-;;. (a}B —}E Vv
Eﬂ.ﬁ_— o
c ] | ]
o 1 -
© | I | ]
Fospl 1] | [ S
=N S O L N 0
E—U.E:— | | -
B UC-! ﬂll ﬂl4 (}IE IJIIE | 1
AR
B
'E‘:!F I_S _I II I |
;g - |I visible scalars |
e 10F
: | |
% | o
% ﬂ | | | |l
0.0 0.2 0.4 0.6 .

|Altmannshofer, Buras, Straub, Wick, JHEP 0904:022 (2009) |




PRD 87, 112005

B—K®vyv Details
BY — Ktvp B" -+ K'vi

Ngomb 1.1 £ 0.4 £ 0.0 0.9 + 0.4 £+ 0.1
Npeak 1.8 £ 0.4 £ 0.1 2.0 £ 0.5 £ 0.2
Npke 2.9 4 0.6 £ 0.1 2.9 4 0.6 £ 0.2
¥ (x107%) 43.8 £ 0.7 £ 3.0 10.3 £ 0.2 + 1.2
NPbs 6 3
Limits (> 0.4,<3.7) % 107" < 81x107°
B; (L5555 n3) x 1077 (0.14755754) x 107°

(> 0.2,< 3.2) x 107°

(147 530) x 10°°

Combined Limits
B(B — Kvi)

BT = [K n"vw BY = [Kin vw B" - [Kta v B" — [Kin"|vw

Ngomb 0.8 £03+0.0 1.1 £ 0.4 4+ 0.0 2.0 £ 0.5 £ 0.1 05 4+03+0.0
Nf’"“k 1.3 £ 0.4 £0.1 1.2+ 04401 2.0 £ 0.8 £ 0.5 0.24+02+0.0
N:’]“"* 204+ 05 +£0.1 23 +£054+£01 7.0 £ 0.9+ 0.5 0.7+ 03+ 0.0
5":"'5 (%x107) 6.0 4+ 0.2 £ 0.5 49 + 024+ 04 1224+ 03+ 1.4 1.2 401401
ok 3 3 T 9

Limits < 17.0 x 1077 < 19.4 x 1077 < 8.9 x 1077 < 86 x 107"

B; (35715729 x 1077 (8.071A7TE) %1077 (0.08759F2 ) x 1077 (2354TH1) x 107°

Combined Limits
B(Bt/" o K"

< 11.6 x 107°

<9.3x107°

(3.3158513) x 107° (2.055357) x 107°

Combined Limits
B(B — K"vr)

< 7.9% 1077
(2.7755 1) x 1077

Dana Lindemann
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Jhy, w(2S)—vv Details

(2013)

PRD 87, 112005

Jhh = v

Channel K~ K" Kt K=" K*" = Kin™t K"+ K K — Klg"
NPeak 04+02+00 07+03+0.1 0.8 + 0.3 £ 0.1 0.4+02+00 26+05+03 06+£02+01
NEke 0.5+02+£00 07£03+0.1 0.8 £ 0.3 £ 0.1 DB8+£03£00 28+£05+03 0602101
eF (x107%)  053+44455 193+1.0+£21 208+15+17 124+08+1.0 362+19+40 18+02402
NEE 1 0 1 0 1 1
BiJfh — vT) (02755500 x 1077
Limit < 3.9 %1077

1',.'[25'] b
Channel K~ K" K" K =% K7 a3 Kis™ K" 3 K =~ K™ K"
I\ 1.4 +04 +£0.1 0.6 £ 0.3 £0.1 1.4+04+01 10+£03+£01 350703 06x02+01

N ki 1.6 + 0.4 £ 0.1 0.7 £ 0.3 +0.1 1.44+04+01 15+04+01 39+07+03 06+02+01
e (x107%) 572435433 131+12+14 SB1x1.7+£07 49+1.14+04 142+£12416 06£01£0.1
b 3 1 1 3 5 1
B{w(28) —+ vF) (56118510 x 1077

Limit < 155 = 107"

Dana Lindemann
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PRD 87, 112005

= (2013)
I, w(2S)—vv Plots
{"‘10‘_'"|""|""|""""|""|""|""5""|""_
S [ Bk Thy i W(2f ]
o A -
O 50 PrH * . B(J — vv) 2
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K™, Jiy, w(2S)—vv Systematics

PRD 87, 112005

(2013)

Source K+ [K+a"] [K2=t] KO [K+n—] [K2xY]
£® normalization 3.5 3.5 J.a &9 &b 5.4
f'-.";h.{*' normalization 2.3 2.3 23 6.0 6.0 6.0
K'Y reconstruction 1.4 1.4 1.4
A" reconstruction 2.8 2.8 2.8 2.8
7" reconstruction 3.0 3.0
Praxtrn 4.5 6.0 6.o 6.0 6.0 £5.5

Dana Lindemann

Source Kt [K*x"] [Kix"] K" [K*w~] [KEx"]
B — K"
NPk Big 28 2.8 28 28 2.8 2.8
sp resolution 3.6 426 3.6 36 4.6 3.6
Total NP syst. 6.8 8.9 A 9.7 10 1048
Total N7°™® gyst, 2.3 2.3 2.3 6.0 6.0 6.0
Total ¢ syst. 6.7 8.8 A 114 11.7T 124
Jir —+ L
NPk Big 3.5 4.5 3.5 35 45 3.3
m,w resolution 1.1 21 0.4 0.7 0.3 1.3
Total NP syst. 6.2 8.6 4 9.3 9.6 10.5
Total N7 syst, 23 2.3 2.3 6.0 6.0 6.0
Total €% syst. 5.8 83 5.0 108 111 114
i 25) — LT
NPerk g N 28 28 2.8 2.8
myr resolution . 0.8 2.4 1.0 0.9 1.8 3.1
Total NP syst. 5.8 8.5 5.1 9.1 9.5 10.7
Total NF™° ayst, 2.3 2.3 2.3 6.0 6.0 6.0
Total £ % syst. 5.8 84 5.1 109 112 122
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B—n/n €70 Details

arXiv:1303.6010

Mode £ Yield B(107%) Upper Limit (107%)

Bt s ntete” 0.199 42757 43752 +£2.0 12.5
B = nlete” 0.163 1.0792 1.27%2 +0.2 8.4
B® 5 pete —4.07%° 06 10.8

B 5 n,ete” 0.164 ~1.275]

BY =+ nszete”  0.115 -0.571%
Bt = wtutu- 0.140 —0.575% —0.6755 +0.9 5.5
B’ -5 nutu” 0.115 —0.2+29 ~1.0730 £ 0.6 6.9
B s nutp —2.073% £04 11.2

B 5 utp  0.102 —0.4777

B =5 mpa-ptu”  0.063 —0.1757
B — mete 40752 +1.6 11.0
B mutu —0.9750 £1.2 5.0
Bt = wtete- 25750 +£1.2 6.6
2 A 1.2732 +0.2 5.3
B - et —2.87%0 403 6.4
B — wfte 25730 +£1.0 5.9
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B—on/n €10 Systematics

arXiv:1303.6010

mete” mlele” mptu” wpTu paete” mameTe” mapTp Maapp”
Ngg 0.6% 06% 06% 06% 06%  0.6% 0.6% 0.6%
7 [y~ eff. - 3.0% - 3.0%  3.0%  3.0% 3.0% 3.0%
Tracking eff. 0.9%  0.6% 0.9% 0.6% 0.6% 1.2% 0.6% 1.2%
lepton PID 1.3% 1.3% 1.4% 1.4% 1.4% 1.4% 1.5% 1.5%
7+ PID 2.5% - 3.5% - - 2.3% - 3.7%
NN cut 1.4% 1.3% 1.5% 1.5% 1.4% 1.3% 1.5% 1.5%
Wilson coeff. 2.7%  2.3% 1.0% 1.9% 3.1% 3.1% 0.3% 0.9%
FF model 9.1% 7.7% 0.7% 7.1% 3.4% 1.3% 0.2% 1.6%
Total 10.1%  B.8% 4.4% 8.2% 5.9% 5.6% 3.8% 5.7%
Mode rtete” wleTe” wtuty™ nu 'y nete nuTp”
Fixed parameters 1.9 0.2 0.6 0.3 0.6 0.4
Non-parametric shapes <01 <01 0.7 0.5 0.1 0.1
Hadronic peaking bkg yields - - < 0.1 < 0.1 - -
Non-hadronic peaking bkg yields - - < 0.1 < 0.1 - -
Total 1.9 0.2 0.9 0.6 0.6 0.4
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