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CFFECTIVE LAGRANCGIAN
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WHAT CAN We LEARN?

generic
th vts vtb vts 6bs
mass scale mass scale

e Complementary to b—sy:
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® Quark-hadron duality breaks down when the rate is dominated

Xo(I ') ! Xebtem

by charmonium resonances: B |

® Three regions:
e 0.04 GeV2<g?<1GeV?

e 1GeV?<g?<6 GeV?

e g>>14.4 GeV?
dominated by the photon pole (b—sY)

® Model using data [Kriiger,Sehgal]
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Away from the resonances
expansion in 1/m¢? performed




S UL

¢ MX cuts required to suppress the b — c1l-v — s I-1* v v background

— > unaffected

- ——o— -~

l'1r101r1—perturba’tive etfects

| e dealt with using a Fermi
: motion model

® (Correction factor added in experimental results [Ali, Hiller]
® New idea: use SCET to describe the X system (A< p?Xs ~ Amy, < my)
® Reduce non-perturbative effects by considering: [Lee, Ligeti, Stewart, Tackmann]

(B — X1 )/ T(B — X,!") [same Mx cut]
Best if experimental results presented without correction
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QED EFFECTS

® The rate is proportional to! ...> (" 2). Without QED corrections the scale p is

undetermined — 8% uncertainty ZK Sas
o QED contribution

e The differential rate is not IR safe
with respect to photon emission the

results in the presence of a collinear ; |

logarithm, log(m,/m ;)

fas, >< co >< Fwot + faps
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|
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COLLINEAR  V§ EXPERIMENTS

e Theory:
include all bremsstrahlung
photons into the X system.

Experiment (fully inclusive):

One B is identified; on the other
side only the two leptons are
reconstructed.




COLLINEAR VS EXPEKII\/\ENTSA

® Lxperiment (sum over exclusive states)

at BaBar and Belle the X, system is reconstructed from a sum over
exclusive states (K plus up to 4 pions). Momentum conservation is
used to guarantee the absence of energetic photons

® The collinear log present in the virtual corrections is not accompanied by
the corresponding log in the real emission diagrams and doesn’t cancel
even upon integration over the whole spectrum

® Exact theory prediction depends on details of the experimental
analysis

® We urge our experimental colleagues to search and include
energetic photons in the hadronic system (open for discussion)




RENORMALONS

® (Cross sections expressed in terms of pole masses, are affected by
renormalon ambiguities

® These long distance effects are also responsible for the
irreducible O(A) uncertainty in the bottom pole mass

® Can be removed switching to a short-distance mass (e.g. 1s)
e Tricky perturbative subtleties (Y expansion)

® Huge reward: mp,pole Uncertainties are almost completely
removed

miS = (4.68 + 0.03)GeV mP® ~ (4.9 4 0.1)GeV




BR AND Afrs

e Differential decay width (S=— q2/ m ﬁ):
dB(B — X 4T07)
ds

I(B = X 0) di(B — X0 -)/ds
BB X T %)
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e Forward-Backward asymmetry (z = cos 6y):

dB /dé(z > 0) " dB /d§(z < 0)

: H R
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e New observables:
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= combinations of W(C’s
Hy | (1" 87 [(Cs+2C7) +Ch]




INPUTS

as(M,) = 0.1189 + 0.0010 [40]

ae(M,) = 1/127.918

s, = sin® Oy = 0.2312

VisVin/ Vip|2 = 0.962 + 0.002 [41]

Vi Vin/ Vi |2 = (1.28 £ 0.12) x 102 [41]
BR(B — X e0)exp = 0.1061 % 0.0017 [43]
My = 91.1876 GeV

My = 80.426 GeV

m. = 0.51099892 MeV
m,, = 105.658369 MeV
m, = 1.77699 GeV

me(me) = (1.224 £ 0.017 + 0.054) GeV [42]
mlS = (4.68 £ 0.03) GeV [31]
My pote = (170.9 £ 1.8) GeV [44]

mp = 5.2794 GeV

C = 0.58 £ 0.01 [31]

aee 0 2E 002y CeN
A = (—0.243 4+ 0.055) GeV* [42]
fO— £, =(04£0.04) GeV® [24]

p1 = (0.06 +0.06) GeV* [31]
(e

f==(04£0.4) GeV? [24]




BRRANCHING RATIO A

® Theory [Huber,Lunghi,Misiak, Wyler; Huber,Hurth,Lunghi]:
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LOW-Q2: FBA
[Huber,Hurth, Lunghi]

NNLO vs NLO NNLO + QED
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— (350 £0.12) GeV?
(g2)ee = (3.381+0.11) GeV?

® Integrated observables:
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LOW-Q2%: NeW OBSERVABLES

i = 5 (L (@) + 2:Ha @) + 211 A)HL()

d! dAFB 3
— = Hp+ H = -H
dqz JE L dq2 7 A

Importance of splitting the Forward-Backward asymmetry in two bins:
[Lee,Ligeti,Stewart,Tackmann%
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[ Toy analysis: data extrapolated at 1 ab!, C;< 0 taken from b—sy]



LOW-Q2%: NeW OBSERVABLES

i = 5 (L (@) + 2:Ha @) + 211 A)HL()

d! dAER
=
do? - z dq?

Importance of splitting the Hr and H.:
[Lee,Ligeti,Stewart,Tackmann%

8_IIIIIIIIIII

H(1.3.5)]

[ Toy analysis: data extrapolated at 1 ab!, C;< 0 taken from b—sy]



HIGH-Q%: REDUCING THE eRRORS

New idea: normalize the decay width to the semileptonic B—=Xulv rate with
the same dilepton invariant mass cut:

T | (B! o s
T diEBd ; 2
8 ds 5
R(so) s 1 (B°1 X.i0) [Ligeti, Tackmann]
ds ~
= ds

Impact of non-perturbative 1/mi and 1/m; power corrections drastically
reduced

In the high-g? region we find:
R A N2 = 98 (1 D004 002 £ 00t 2= 0,006, 20005 2009545
+£0.003, + 0.05,, %0037, , =005y, )

= 229! 107%(1 £0.13) [Huber,Hurth, Lunghi]
The largest source of uncertainty is Vyp




HIGH-Q%: REDUCING THE ERRORS
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[Belle, 87 fb!, hep-ex/0311048] |[BaBar, 383 m Y, arXiv:0708.3702]

e Experiments already positioned to measure B—X,lv with a g? cut

® Separation of B and B* is important to control WA contributions



MODEL INDEPENDENT ANALYSIS

® Use B—Xsy to constrain C; and Cs:

Theory:

| B(B — Xsv)sm = (3.15+£0.23) x 1074

{ Experiment:
BB = ¢ ). — (o0t 2l

e e e s

Cr(p0)/C7™M (o)




MODEL INDEPENDENT ANALYSIS

® Use C7 and Cs from B—Xyy to constrain Cy and Cyp
C7 < 0) C7 "0

————— e ———— T 2. e ——— T —
- -

s Bk T v 1

B R S e S0 2 4 A A AT R T 7 2 4

Co(110)/Co™ (o) Co(110)/C5™ (110)

® C;> 0 requires sizable contributions to Co and Cig

® Reversing the sign of C; we obtain B(B — X /"¢ ) = (3.11% 0.22) x 10" °

hence the SM sign is favored at the 2.70 level
[Gambino,Haisch,Misiak]




MEV SUSY

e Computing aid: Spheno for the RGE of the MSSM and MicrOMEGASs for
the relic dark matter density

e Effects on C9 and C10 are tiny: 109,10(u0)/095,¥0(u0)| <]

® b—sy shapes the surviving parameter space:

2.0

== Chargino
1.5 ["===Charged Higgs

1.0}
0.5}
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SUSY: MIA ANALYSIS

® In the most general MSSM, gluino and chargino diagrams can lead to
huge contributions to the semileptonic operators:

o J—

.= Cg(,u())/CgSM(,LL()) =i
0 < Cro(0)/Ciop" (1) < 2




SUSY: MIA ANALYSIS

Cy(10)/C5™" (o

® The C; > 0 scenario is viable (with some degree of fine tuning)
® More than one mass insertion present at the same time
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FINAL MESSAGES

Experiments cordially encouraged not to correct for X cut

Treatment of collinear photons?

Split the FB-asymmetry into two bins ([1,3.5]GeV? and [3.5,6] GeV?)
Measure separately Hy and Hr: I « (1+z2) Hr + 2 z Ha + 2 (1-z?) Hy
Normalize the BR in the high-g? region to B%—X,I# with the same g cut

Relevant only to constrain non-MFV new physics models




