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Effectivetheory of AB = 1 decays

Standard ModeA B = 1 decays involve mass hierarchies:
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(ext. momentayn,, my, < My, My, m;, Mxp)

“Integrating out”heavy degrees of freedom Effective Theory (ET) :
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List of all operators of QCD & QED analysis (in the SM)

A B = 1 hadronic and radiative decays

Q1= By, T%r)(ELy"TbL), Q2 = (SLyucr)(ELy"br),
Qs = (5LvubL)>, (0" q) Qs = (5L, TbL)Y (G¥"T%q)
Qs = (SLYpYYebL) 2 (@YY a), Qe = (SLyurv 7, T bL) 32 (V"Y' T q),
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additionally forb — sll
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Problem:

Solution:

Result:

radiative corrections (in PB- | o™ In"™(m /M) = o™ [In(m/po) + In(po /M)]|™
— bad convergence of perturbative expansion

1.effective theory (OPE) without heavy degrees of freedorailaltle energy inB-decays
\/g ~ 5GeV K MW7 MZ7 me, MNP
2. renormalization group (RG) improvement resummation of large logarithms

separation of short- and long-distance interactions ofuti¢heory into effective
coupling constant€’; and effective couplings of light particl€d; — L.g

C ... Wilson coefficients — short distance part

O; ... operators (flavor changing couplings)

4G
'Ceff — ‘CQEDXQCD (u7 d7 S, C, b7 €, W, 7_) + TFVCKM Z CZOZ + Z Cjoj
- SM NP



Determination of Wilson coefficients

In PTGF, OzSGF, OngF, OéeGF, OéeOéSGF

A (m, Oy, o) = A (m, M, o) | Matching

e m-dependence equal, because effective théofyll theory in the infrared— In(m /o)
cancel and” = C'(M, po) independent ofr.

e must setup~ M — In(ug/M) ~ 0 — convergence of PE- Matching scale.g

Wilson coefficients are determined at the sqajé

g & s 2
C (o) = CL (o) + *472 C{V (o) + =525~ C1 (o)

+ §£C (ko) + 2252502 C3) (o) + . .
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Tree-level Matching: w- = X
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[Buchalla/Buras], [Misiak/Urban], [Bobeth/Misiak/Urb [Buras/Gambino/Haisch], [Gambino/Haisch]



Renormalization Group Equation (RGE)

(“du:ﬂ- A )é(u) =0 | Running

Anomalous Dimension Matrix (ADM)

(0% Oé

2 3
V= 471'Py‘g : + (471'8)2 Py‘gl) + (47r)3 7§2) + 276; 2 +

C(pp~ m) = U(pp, po, o )C (p10)

Resummation of large logarithns all ordersn

LO — af In™(up/po)
NLO — af In"™ ! (up/ o)

NNLO — a2 In"™"?(up/po)

QED LO— e In(up /o) & ™" In"™ (/o)
QED NLO — e In(pup/p0) 2§~ In™ (s /o)

QeQg
(477)2

QCD: [Chetyrkin/Misiak/Minz], [Gambino/Gorbahn/Haisch], [Gorbahn/Haisch],
QED: [Baranowski/Misiak], [Bobeth/Gambino/Gorbahn/ktzi], [Huber/Lunghi/Misiak/Wyler]
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Inclusive B — X, /*¢~ - Heavy Quark Expansion

1 . _ _ :
dr' = ——Y d[PS](2m)*6™ (pp — px. — @)(BiLl | XJHI7) 11~ X|iLeg| B)
2Mp <

[} optical theorem— absorptive part oB — B

1 .
dFde[PS](QW)45(4) (pB — px. — @) Im(B|T{L]3Leqr}| B)

local OPE + HQET matrix elementsz; Wilson coefficientgn ~ my > Aqcp)

A — zZ2 = 2qi 7 _
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_ 1 o 1 _
= (BJBb|B) = 14 —— (Blhy(iD)?hy| B) + —— (Blhy (g0 - G| B) + . .
2m 4dm

b b
(AQCD )3
my

+ O

1
= 2Mp |1+ —2()\1 —|—3>\2)
me

A1 = (—=0.3£0.1)GeV?, X2 =0.12GeV?

2
dI' ~ parton result + O {(m) }

my

Aqcp /my corrections known up to 3rd order

[Chay/Georgi/Grinstein], [Falk/Luke/Savage], [Ali/tit], [Buchalla/lsidori], [Bauer/Burrell]

= similar power correctiond gcp/mc are known up to 2nd order

[Buchalla/lsidori/Rey]



matrix elements at parton level (virtual + real correctjons

e QCD:
(1+ 2o mfM 4

(4 )2 M(Q)) < O >tree

Almost complete except NNLO matrix elements@$ — Qs (small Wilson coefficients)
[Asatrian/Asatrian/Greub/Walker], [Ghinculov/Isidéurth/Yao]

e QED:

(1+ 52 M) < O >tree

including collinear logarithmslkn (m; /my)

[Huber/Lunghi/Misiak/\Wyler]

Differential Decay Rate
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Experimental information

e ¢° = (p,— +p+)?...invariant mass of th&™ [~ -pair

o Mx_ ...invariant mass of the final hadronic state

IntegrateddB/dq? x 10—6

q° € [d2 .. 020 Belle BaBar Average

g% € [(2mu)?, (mp — mg)?]GeV? || 41140.83707° | 56+1.54+06+1.1 | 454 1.0

g% € [1,6]GeV? 1.49 + 0.50103% 1.8+ 0.7+ 1.5 1.6 + 0.5

Cuts in

o Mx_ ... Mx, 6 <2GeV [Belle]andM x_ < 1.8GeV [BaBar]
extrapolation beyond cut with Fermi-Motion model [Ali/liF]

e ¢°....(2my)? < ¢? and “around charm-resonances”



Experimental Cuts ig? example [Belle]

because of background from Charm-Resonances:Xscc — Xl T1™

b—sete™ |
S
| HQE | HHxPT
full NNLL —
0.2 | 2.5 34 | (M, -my
| -
|
|
|
0 (q2)112
| |
| |
| |
2m, 24 275 33 385 425
b—sputp~

Theoretical predictions work best in the lay¥-region!
Low ¢2-region:q® € [1,6]GeV?, /q? € [1.07,2.4]GeV.




NNLO QCD corrections

e change of the differentidB(B — X ,£7£7) by —20% (—25%) in low-g? (high-¢?) region

e reduction of scale uncertainties { and ) from £20% (+£15%) to £6% (+£3%) in low-¢*
(high-¢?) region

NLO QED corrections

e inclusion of NLO QED corrections— reduction of uncertainty of=8% due to choice of
ae(mp) ~ 1/133 0r e (M) ~ 1/128 at LOIN QED B(B — X £1T47) ~ a?)
e collinear logs: enhancement &f(B — X ut ™) by +2% andB(B — XseTe ) by +5%

4 4

dB/dq? x 107
[GeV_2]
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Final theoretical result fog? € [1, 6]GeV? region (without)M x, Cuts)

B(B — Xsete ) = [1.64 +0.08]__, +£0.06] 40.025|, ~+0.015]

+0.02

—6
o a1y 0-015] ey £ 0.026]m,, | X 10

B(B — Xop*p™) = [1.50 4+ 0.08| \ +£0.06| ~+0.024| ~+0.015]

+0.02

—6
o (a1 gy T 0015] e 0.026|BR3J % 10

Combining uncertainties in quadrature
B(B — Xsete™) = (1.6440.11) x 107°
B(B — XspTp~)=(1.594+0.11) x 10~°
Agrees with experimental world average of
B(B — Xs¢t¢~)=(1.6+£0.5) x 10=°

Standard Model in aggreement with experimental data
??2?n0 new physics iB — X ¢+ ¢~ in low-¢? region???



Experimental Cuts i/ x_: to remove backgrounds - for example— c(— setv)e v

Mx_ < 2GeV [Belle] andM x_, < 1.8GeV [BaBatr]
extrapolation beyond cut with Fermi-Motion model [Ali/i&F]

Theory with Cuts inM x _ : (to avoid model-dependent extrapolation in experiment)

for M3 < M3 andg® < M final stateXs isjetlike:p}s < py.
2Ex, =pk_ +py andM% =pl py )
= shape function region
at LO in SCET same universal jet and shape functions @ ir Xy andB — X, 4v
o MY =1.8GeV: B(B — Xo(T¢~) = (1.20+0.15) x 10~°
o M =2.0GeV: B(B — X £T07) = (1.48+0.14) x 10~°

[Lee/Stewart], [Lee/Ligeti/Stewart/Tackmann]



Summary
Included and investigated:
e NNLO QCD and NLO QED corrections ih B = 1 effective theory
e almost complete NNLO QCD matrix elements
e NLO QED matrix elements (including collinear log’s)
e power correction®|[(Agcep/me)?] and alsaO[(Aqep /me)?]
o effects due to cut id/x
Missing investigations of uncertainties due to
e O[(Aqcp/mep)3] power corrections
e «; corrections to orde®[(Aqcp /my)?] power corrections

Additional interesting observable: Forward-Backwardmasetry of lepton-pair



