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Introduction

® Fewer measurements of semileptonic Bs than
that of B+, BY

® /nclusive, Exclusive, |V|, [Vub|, HQ
parameters... not for Bs, but what can we learn?

® Semileptonic Bs decays are (already) used as
standard candles of Bs measurements,
e.g. LHCb & DO hadronisation fraction, f,
determinations [PRD.85.032008 (2011)]

® Normalisation of Bs production essential for
comparison between SM and data

® B; modes may be more precise in determining
exclusive | Vg |, due to lattice predictions with
heavier quarks, and more phase space at lower
recoil...But can experiment keep up?
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Inclusive Semileptonic Bs decay predictions

® The most important prediction for SL Bs decays is Flavour SU(3) (& U-spin)
Symmetry, which must be tested.

® Non-perturbative QCD contributions are modified, which are most significant
at third order e.g. spin orbit operator. Largest effect in charmless modes.

® High order corrections, e.g. due to weak annihilation, expected to be small.
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¢ Bigi et al., JHEP 1109 (2011) 012,
¢ Gronau, Rosner, PhysRevD.83.034025 (2012)

® These parameters were measured directly in |Ve,|/m, moment fits
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Bs production near the Y(5S)

. BOB*O
® Correlated Bs production _ 58 _
. . BOBO ‘ B*OB*O
® B, tagging can be exploited for s TS N 1 A0S s
unbiased absolute lg‘oi ossE L Y(5S) ~ Belle
measurements, and to suppress ;s Hm*ﬁ, *Bab;’“)s)
background s o A o
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Babar PRL 102 012001 (2009)
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q_ Q Q S Belle Preliminary 2012
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® Y(55)— B®B®(nm), B{*'Bs*), Y(nS)mt Babar: Vs>2mge ~3.2 b
Belle: \/S~my(5s) 121 tb!
= CLEO: \/S~my(55) ~0.5 fb!
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Bs production @ Y(5S)

— 0 +
/Hadromc T(SS) events /B B;

it \‘ B:B) (BB

BO R0 }
mzo% e e R < '~
2‘590% ~ 7% ~ 3%

® Challenges (for precise measurements)
® O, (s=10-87GeV) /g, | (5=10.58GeV) _ () 3 5.45

® {;~0.199+0.030 [HFAG 2012], large

uncertainty! impacting most absolute > | Flly
BF measurements at Y(5S). > | ':C:::;::i‘;‘:
® Above Bs*B*) threshold 2] S
~14M BS® in 121 fb-! at Belle g
® Excited production: kinematic =
smearing T
® BF(Y(SS)_} BS*BS*)~900/O -0.3 -0.2 -0.1 0 01 0.2

AE (GeV
® B;"— Bsy, m(B;s")-m(Bs)=49 MeV (GeV)
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Current Bs Tagging methods

® Smaller data samples and By/d
contamination,
Choose particles that have very

different decay rates from B and Bs
e.g. [PDG2012]

BB—®IX candidates

T T
F ) BABAR
301 ‘ preliminary

Events/2.5 MeV/c?
N
14

.
.....

0 | L | L l

® B(Bs°—Ds*X) = (93+25) %, o102 i04 108 108 T ii2 i Ok i ie i 108 106" JnIK.l)‘?G‘v}“)
B(B—Ds*X) = (8.3+0.8) %

® Two methods ®, Dg*: ® Method (mostly

from Dq): eff.~0.1, 1X
correlated tagging. o
D¢+ Method: o D3 U
Eff.=0.01, Q BO---KT > X'

orthogonal tagging. D+/i€b Y(59) —> -

T(55) —>
( ) BS — ‘)é_l_ DS ~~~~ > ¢
..~.*X/ ~~*Xv///
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Babar Inclusive

® Measure number of events, ® yield, and ® L R R =
: : : : : = 14F (a) =
+lepton yield in correlation with a high- 2 q2F . 5
momentum lepton as a function of CM energy 5 .4 - Hadronic Event E
o 0.6F B =
g 04 o T T e
- K*K- &+l @ o2 ~ - =
productlon (same B) [(Opp. B) P08 o7 08 109 1T BRI I
DsX) X osx10°

15%  13%  1.4% 3 BL T T :
( S (DX) 0 0 = 2o§—+ 5 (b) —i
ERTS Incluswe () E
BB—®X)  3.4%  0.1%  0.7% g H E

S - + +
% sb 1 JrJrJrJr++++++Jr AT T
0_. I RN ST T T S T TR T ST N S RS S T NS T
Oh _ RB [fse‘;b _I_ (1 B fs)eh] 106 10.7 108 10.9 11 111 Ec‘:\:(.éev)
2 Cy = Rp [fs€,P(B;Bs — ¢X) + ''''' T -
— E .C _E
ates +(1 - fs)%f(BB = ¢X)) 3 :_ Inclusive ®+lepton :
Cyo= Rp | fs€3yP(BsBs = ¢l X) 2, I -

= s L é !

+(1 — fs)epe P(BB — qMX)] ; 1; ++++++J”rjr+§+++ﬂ+ phAt Fragy T o3
5 0% 0% jo7 {08 W08 1T Hi 113
z Ec.n (GeV)

® p(B—®X) are probabilities that a ®
is produced in a BBbar event o s
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Babar Inclusive

® B4 from Y(4S), Continuum from using off

- HFAG: 19.9+3.0 %

® X? constructed from measured and .-{—
expected value of P(BBbar— ®IX), 0.05
minimising for BF(Bs—1vX) T06 107 108 108 11 A11 12
E.,, (GeV)

gl
-

resonance 0 g T | S
® f; extracted simultaneously at each energy - 5 Lo Ng. ]
scan point from Nevents, and @ yield 0.15 [ 7° Np,+Np,+ Ng,

L T —e—
® B, contributions depend on various inputs 01
e.g. BFs: s T T
— |—eo—
B.— DX, Bs— VX, 0.05 1 e
D~ VX, D= ®X, D= dlvX’ ;{4 T | = *}_P
of L

N
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7 @BFB;—IvX) =9.5 +25,¢t11 1 9 %

4 ® Dominant systematic (~%10) from inclusive
E D; yield.




Belle

Inclusive

® Same sign tagging Dsl-: no tag bias

® Fit m(KKn) in bins of lepton momentum

® Continuum subtracted with off resonance (Lumi(off)/Lumi(on)~0.5)

*D-l— *D-l—
v(D}) = f( SJ)F — p(D7) |
pmaX(DS ) \/8/4 _ m(DQ’)Q
m25§10'3'|"'|"'|"'| =
g | - Be"e .
g [ Y(5S): 121 fb™ |
S o - . Y6 :
= i J
g : $--9-
LUl 15 - - S 2 L ]
N I
10__ - -.-EO- A —
5: * N
- - : o -
0-'0-...|...|.¢.|...|..."‘
0 0.2 04 0.6 0.8 1
x(D)

® x(Ds) separates continuum
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Events / 0.0026 GeV

N(D;07) o< fo-B(BY — X{Tvy)

Background from B,, 4 decays
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Belle Inclusive

x10° x10°
> 1-4_"'I""I""I""I""I_ > 1-2_'"I""I""I""I""I_
8 Belle 1 & L Belle
o 12 Y(5S): 121 fb™"- o 1k Y(5S): 121 fb™-
§f : f 1 Two component
() 1 ® Data — o . ® Data - . .
= F 1 Prompt e* > o8t CJpomete|  fraction fit:
'E 0.8 _+_ [0 Fake e: b -E Euny gake p;* i
q>J EI sle(;:.e(:ror E q>) 0.6 ‘=- EI M‘::c.el:ror - prompt Ieptons
= o0 1 " 4 ] and secondary
x2/ndf ] 0.4 x2/ndf
0.4 =6.4/7 — =6.7/7 1 and fake leptons
0.2 j B
1 15 2 25 3 0 s 2 25 3
N(Dse)=4260+190 p(e") [GeV] N(Dse)=4760+230 P(u*) [GeV’
Rel. Systematic Uncertainty __
N(D; e~
]\(7 IS)E ) _ 0.0426 + 0.0020 = 0.0013  Lepton ID, fake rate 0.7 1.4
(Ds) D; efficiency 0.8 0.8
N(D_ ™ KK fit 2.0 2.2
(D5 17 _ 0471+ 0.0024 + 0.0016
N(Ds) Secondary leptons 1.0 1.5
= Continuum 1.1
: Semileptonic Width Composition 1.2
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BF Extraction

Measurement Expectation from external parameters
A N
r N ™
N(D76)  No(D707)+ Nua(D5 )
N(DT) ~ NuDP)+ Nual D7)
— |k x —( k / /
Fpren B R @ +(Fpe s (BOIBT] (7)) External.parameter
(ij(Bé*)Bg*)D‘F ]:Dj (BquBuil (7)) Systematlc Errors
Parameter Value 22| (%]
O REY — 5. . 0 T Fol fud (262 +£5.1)% 3.2
D + C ]:D?(BS B;™) 2-fs - BB, = Dy X), ) B(B, — DI X) (93 £25)% 4.4
S 4 (x) (%) _ 9. , , 0 + ¥\ B(BT — DI X) (7.9 +1.4)% 2.4
Fp#(ByaBud (7)) 2 fua-[1/2-B(B" = DS X) B(B® - D X) (10.3+2.1)% 1.5
L +1/2-B(B*T — D;EX) L, B(B° — D7 X) (1.50 + 0.84)% 1.2
pter(Bs /Bg) = 2 fo - B(By = X {Twy) - B(B® — Xf*uy)  (10.33 + 0.28)% 0.4
0 + B(BY — X{Tv)  (10.99 £ 0.28)% 0.2
| Xs - B(B; = DJ'X) I'(B*B~)/T(B°B°) (1.0+0.2)[17] 0.3
1—v,)-B(BY— D:X Fpe g (38.14+3.4)% 0.1
Ds+|+ > + ,X ) B(B, 5 )]< F§§ (13.7£1.6)% 0.1
0+ R0\ _ o (1 o Fgs (5.5 +1.6) 0.1
Fprer(BTBT) = 2 fua 6 (1= F2) Py po FZ*BB*W (5.9 + 7.8)% [14] 0.2
0 + (+) 0 + Fous. (41.6 +£12.1)% [14] 0.4
B(B" = Xve) - [ xq - B(B" = DJ)+ Fr (0.2 + 6.8)% [14] 0.1
L)y 0 — T (0.771 4 0.008) 0.1
. (1—=xg ) BB —DJ)]. ) a:d (26.49 + 0.29) <0.1

Semileptonic Bs decays, CKM 2012 Phillip URQUIJO 11 ‘_mi'v'a?'sitétﬂ



Systematics: Bs— DsX

® B;— DX error dominates measurements, B Diagrams
but PDG has 3 main issues: . U,C, e, U ,1"
® D, BF’s outdated: Most use XV‘.)_".<C De EV"—J<d’ s, v
BF(Ds~—pn)=3.5+0.9, but p——el s} b —___
BF(Ds—— @n-)=(4.66+0.25)% in PDG. _ c) §]Ds
® S-wave contributions treated I \‘\a D _ <
inconsistently (different helicity S \%}K

requirements)

® Multiplicities and BFs combined
despite differences in definition, i.e. Bs Diagrams

upper vertex part. Large for B!

® [Inconsistent fs. u,c,e,u,T cl_
W~ - W~ Ds
® BF(B® = D¢X) . d,s, V ] s |
®PDG 2012:  =(93 £ 25)% ) o ) o
® Theory =091 x=11)% ST \-\§ D ST \-\§ Dg

® f,: Issue for most Bs measurements at 5S, PRL.95.261801

correlated to Bs— DgX!

=
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Inclusive Summary

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
Belle u: Prelim. 2012 . . ® Belle: Model independent
11.32068=0.46= 0.74 ® ~10% limit on SU3 symmetry
Belle e: Prelim. 2012 .
10.04 2 0.57 + 0.37+ 0.61 O+ breaking
Belle u+e: Prelim. 2012 1 ® Systematics limited!
10.61+ 0.46 = 0.37 = 0.67 y . .
® Due to tagging techniques.
® B, full reconstruction (particularly
Private A . S
1050 088 —o— >1 ab™") will help, but there is still
c.f. BF(B®) x t(B)/+(B°) || some kinematic smearing
‘1:2.23:(3;)28 :(g;f)’z(B+) ® Can still improve f; & DsX with
e X
10.11 + 0.26 + 0.09 ‘= current 5S data. (not yet measured for
] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] 121 fb_1>
4 6 8 10 12

BR(B. — X Iv) [%]

I'(B] — X)||7(B])| B(B]— Xtv)

['(BY — X/(v)| |7(BY)| B(BY — X/v)
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Exclusives

® Predictions:

® Semileptonic decays to heavier
excited charm states, more of BF(Bs) (%)
the available phase space near Zhang Wang 1003.5576 ~ 2.9+0.4  7.1+0.9

zero recoil, increasing Chen, Fu, Kim, WangJ. Phys G . , 15 1 _cg

importance of corrections in 20, L
0
HQET. >U) symmetry, BIEIXTos/To0 5 15,0.12 4.92+0.11
[HFAG 2012 values]

. Theory eXpeCtS !arge SU(3) — predicted (Godfrey-Isgur model)
symmetry breaking, but , " observed
inconsistent predictions. Ny " : —

. P Ds1,Ds2 —-D® K, 2.8 |
® Exclusive measurements: D®*nnt - |[—

®K I v...eventually D5 = DsO*n 0y

® Isolating charm states,

Ds**, Ds]. N .
o prior
® Calibration for QCD measurements

factorisation predictions

S-wave P-wave
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Exclusives @ DO: Bs—= Ds1p*vX

No B P
. . . S | DO,13fb
® D* associated with p, and add Ks° to isolate @ sof
i e Data
® D1(2536)—2 D™ K¢ § ----- D (2536) signal
. £ o0l P Background
® Normalise to g *° — Fit function
Ll
® BF(b—D"pvX)=(2.75 + 0.19) %, assume
BF(Ds1)~25% (assumed)
® First observation " |
25 252 254 256 258 26 2.62 2.642
f(l_) _ Bg) , B’I‘(Bg _ Ds_llquVuX) . Br(Ds_l . D*_Kg) _ Invariant Mass of D*Kg(GeV/c)
= [2.66 & 0.52 (stat) & 0.45 (syst)] x 10~ 1] 2]
B(B® — D7;(2536) ™ v, X) = (1.03 + 0.20 & 0.17 + 0.14p,04)% = g DO
o[ LHCb
® More details on Dy* in C. Bozzi’s talk E T My average
[1] ISGW2, Phys. Rev. D 52, 2783 (1995) 5 D7,
[2] ISGW + Non-relativ. HQET, J. Phys. G 29, 2059 (2003) ' -
0 5 10 15

B(BY — DY Xu*tv)
B(BY — Xutv)
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http://pdglive.lbl.gov/popupblockdata.brl?nodein=S051R17&inscript=Y&exp=Y&fsizein=1&dclumpin0=L
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S051R17&inscript=Y&exp=Y&fsizein=1&dclumpin0=L

BY — Ds* v @ 121 tb!, “Publicity”

® Untagged approach to be exploited at Belle: Xmiss, cosOpy

® Suppression of Bug cross feed for Ds(” final states, with some peaking
contamination from ~ 6 * 10 *srB-Dps=kiv) X 4 (fud/fs)

® Resolution: Kinematic smearing due to Y(5S) decay modes, and Y in
D" — Dsy (unfortunately), but w resolution acceptable

®BY = Dy | v, D" = Ds Y, Ds=®(KK)7 (piep>0.5 GeV)

SN L A DL~ S L B — T T~ T T T T * T T T L
0.2} 11(D_*)=(-10.70+58.12)10 = S Ui S Continuam
0.18F (D *)=(5.20-4.14)10 E = [ Belle MC BN Fake leptons
0.16[- (D )=(0.15:50.92)10° E @ 0.8 B ooy et B
0.14 _ O(Ds)=(4-7913-3 Belle MC E E i Prompt leptons from w‘;"gng B,
0.12F nr 3 = S 0.6 D.** |
: , o - D, |
0.1 . "' \| \ = n DS* |
0.08F , Ay ' °
5 o 041 -
3 .325 £ | 1 Max efficiency
Bl Q 0.2 AN dhown n
0.02} 3 0 ] point S
0 ' i B 7 esS-
0.1 0 0.1 ol——! progf
Wrec'wgen 4 o ( 6) |
2 2
., Pr(ss) (D
W =7VB -Vp*x — ED*/’I’I’LD* = mfm:nfD*q Xmis p— ( ) 5
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Yield projections

® (My) Rough estimates for Signal: Bs = Ds(®n)Iv , Ds(®n) Iv, Kiv.

® D tagging could be extended , e.g. (®n,KsK,K'K) (~x3 eff. w/r/t Belle
result)

® But, To be uncorrelated we must ignore opposite sign Dg I+ pairs for inclusive analysis

® B, Full Recon & SL efficiencies: take Eff(B) as a guide
® Too early to quote precise, expected precision on exclusive modes, éﬁ?ﬁm‘;q 5104

_-_ Yields (tagging x efficiency x BF)
121 fb7(5 ab)

Untagged fs/fau=0.25 2.7M - : 7200 10900 2500
¢ 0.12 4.4 -fs/fau |160k - : 450 650 150
DO KsKK'K  0.04  10-f/fqgu 27k 3% 7% |140 (6,000 [200 (8,500) (47 (2,000)
SL tag (Ds ) 0.01 >10 6800 3% ~5% (40 (1,500) |50 (2,200)|12 (500)
Bs Full Recon.  0.004 >10 5400 2%  ~4% |15 (620) (20 (880) |5 ,(200)

/
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Other B semileptonic measurements: L>1 ab™

® Time integrated A>tcp
® SuperB (design report):
Aas®, = (0.1)% (ultimate
75 ab-1)
® c.f. LHCb, 1fb"!
as1°= (-0.24+0.54+0.33)%

® Other than | V| with Klv:

s _
ASL_

B(B, — B, — Dg*)_ﬁul) — B(B;, — B, — Dg*Hl_m)
B(B, — B, — D" I+1v) + B(B, — B, — D I-u)
1—|q/p|*

1+ |q/p|*

(expect smaller Lattice errors than
nlv), What else can we uniquely

learn from the Bs system with
semileptonic, charged weak
current By decays?

® K" I v: polarisation?

® Tauonic modes?

=

Semileptonic Bs decays, CKM 2012

= 0.007
0.006
0.005
0.004 -~ -- oo

0.003

0.002

0.001

IIII|IIII|IIII|IIII|IIII|IIIILIIII

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 20 25 30

Integrated Luminosity[ab™]

o
(8)]
-
o
-
(3]
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Summary

® Most precise model independent absolute Bs branching fraction
measurements. Systematics limited but can be reduced with Bs tagging.

® BF(B;— X 1v)=(10.5 + 0.8 )%
® Consistent with SU3 and u-spin symmetry
® Important calibration for Bs, as fs<<1

® Semileptonic Bs physics aVs=Y(5S) may be quite promising: plans to
measure more exclusive modes, and use these for fs.

® B; full reconstruction will allow access to rare, BF O(1%) modes even
with 121 fb!

® Belle 1l plans to pursue rare and charmless modes.
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Backup



Systematics Babar Analysis

Multiplicative Systematics Relative
Uncertainty (%)
B(B; — D{" X) 1+8.72/—13.58
B(Bs — cc¢p) (Unmeasured) +3.20
B(Bs — DD;X) (Unmeasured) +1.12/—-1.16
Other Branching Fractions +0.52/—0.54
Event and Lepton Selection +1.99/—2.85
Fixed Fit Parameters +0.49/-0.15
Background Parameterization +0.93
PID and Lepton Fake Rate +3.21
P(Bu.aBu.a — ) +1.47/—1.69
Simulation Branching Fractions +2.59
ISR and 2+ Background +1.57/—7.14
Correction to Event Subtraction +1.88/—4.59
Technique bias +0.39/—10.00

Total Multiplicative

(+10.87/—-19.92)%

Additive Systematics

Uncertainty (x107%)

Other Branching Fractions
P(Bu,dEu,d — ¢£V)

+0.56/—0.64
+4.30/—3.90

Total Additive

(+4.34/—-3.95) x 1072

Total Systematic

(+11.20/—-19.34)x10?
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