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Effective Theory

 Standard model “selection rule”: flavor changing
neutral currents go through loops

* New physics can enter at tree level

14 14
coe e
L@
b S
T ——

Jack Jenkins PIKIMO’13




Effective Theory

Use an EFT to separate the electroweak scale from

 Standard model “selection rule”: flavor changing dynamical scales
neutral currents go through loops
Matching is performed at 4 ~ My, and the Wilson

coefficients run with RGEs to 4 ~ m,,
2

4G
& =—LVEV, > C(wQ,

V2

Qg = (by, PL)EY'E), Q19 = (by,Ps)(Er'yst)

* New physics can enter at tree level
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 Strategy: extract the Wilson coefficients of these
operators from all available data -> SM null test




Inclusive Kinematics

Three invariants: (M, g°, 2)

Focus is on the Iow-q2 region (q2 =[1,6] GeV?) below narrow c¢
resonances (Mvzj = 9.6 GeV?, Mvzj/ = 13.6 GeV?)

Integrate over hadronic mass: smear over K, Kn,Kzr...
Partial wave decomposition in z:

d-T
dq?dz

- % (1 + 22 Hy(g)+2z Hy(gH+2(1 — 2 Hy(¢?)
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Inclusive Kinematics

Three invariants: (M, g°, 2)

Focus is on the Iow-q2 region (q2 =[1,6] GeV?) below narrow c¢
resonances (Mvzj = 9.6 GeV?, Myz/ = 13.6 GeV?)

Integrate over hadronic mass: smear over K, Kn,Kzr...
Partial wave decomposition in z:

d-T
dq?dz

— % [(1 + 7)) H-(gH)+2z H,(g*)+2(1 — 2% H,(¢?)

* Hyp , are polluted by (; as g*> — 0 (photon pole)

Hy ~ (41¢g*)C7 + 4C;Cy + g*(C; + C2)

H, ~ (2C; + q*Co)Cyg
H; ~4C3 +4C,Cy + C3 + C3,

* Lee, Ligeti, Stewart and Tackmann [3]: split the statistics of
Hyp 4 into two bins
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- In the high ¢2, M)z( ~ Amy, (forced small by kinematics)
and therefore the rate is sensitive to heavy quark

pdfs:
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[((myy + k) — g1* = (myy — @)* + 2k, - (myv — g)_ + O(A?)

O(Amy)

» One component k, of the residual momentum enters
at leading power

B =
Sty = 5<Bv |b,6(in- D —k*)b,|B,)

1
= () = —A48" (k%) + -
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- 2 ag2 : : : ,
* Inthe high g%, My ~ Am,, (forced small by kinematics) * Two HQET matrix elements parameterize the
and therefore the rate is sensitive to heavy quark leading corrections to the parton model

pdfs:
= <§v|l_9vD2bv|§V> [Fermi motion]
A(w) = (B,1b,0,,[G*"1b,|B,) M} — Mp]

= & * Ligeti and Tackmann [4]: normalizing to
B B B — X £v reduces uncertainty from power

corrections

[(myy + k) — g1 = (myy — q)* + 2k, - (my — g)_+ O(A?) [ dg? [dT /dq")

O(Amy) ggf(qg) — 3\042

jqu dq?dTl",/dqg?]
0

« One component k, of the residual momentum enters

at leading power
B(14.4),, = 2.38(87) x 107’

R(14.4),, = 2.53(19) x 107

B =
Stk yi= 5<Bv |b,6(in- D —k*)b,|B,)

1
= () = —A48" (k%) + -
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Belle |l Project

Current Bounds Projected Bounds [50 ab™"]

I

® B[1,6] O B[>144] ¢ SM V ® 7((1,35,6] ® H[1,356 ® Ha[1,35,6 |
® 5B X, (current) @ B — X pup (50 ab™h) | | B[> 14.4] @ R(14.4) © Combined |

[1]
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Comparison with exclusive decays

» The inclusive analysis benefits from an additional constraint from B, — uu
o If b — s£¢ is SM-like, the inclusive measurement at Belle Il is projected to exclude the central value
of the global exclusive fits at S0

Exclusive vs Inclusive Exclusive vs Inclusive
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-
® B — X,up (50 ab™t) B — X up (current) | I B — X up (current) + By — ppu (current)

____ Exclusive (37) » SM I ® B — X,up (50 ab™) + By — pp (300 b 1)

® B, — ppu (current) © B, — up (300 fb1)

- Exclusive (;7) ¢ SM

Vs 4
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Comparison with exclusive decays

Updated B, — up measurement

Exclusive vs Inclusive
T T T T T T T T T T T T T T T 1 T T T ‘ T T T
(. ) : : : : 5
B — X pup (current) + By — pp (current) ] » Hlstorlcally: inclusive/exclusive

® B — X,uu (50 ab—l) + By — pp (300 [-b—l) | comparisons increase uncertainties

(in conservative approach)
® B, — pp (current) B, — pp (300 fb™1)

____ Exclusive (37) « SM
.

UTfit
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Low ¢*: hadronic mass cut

x Huber, Hurth, Jenkins, Lunghi: calculation of the
triple differential B — X.£¢ spectrum (M, g*,z)
at order as/mg [to be released soonl]

Large backgrounds from double semileptonic
decay B —» (X. » X/ ")/ v

Bands indicate the size of the power corrections
not yet calculated

Preliminary

Can be reduced with a cut My < M, but
extrapolation above this cut comes with
~ 20 % model uncertainty

Normalizing to B — X v reduces uncertainty
from power corrections:

2 Mcut I ] 1 \H\HH\HH\HH\HHM:
Lj[zz dq2 JO < dMX [dzrs/dqszX] °%0 21 22 23 24 25 26 27 % 23 24 25 26 27
i

M [GeV] ME™ [GeV)

R gr M) =

[ dq? )" dMy (4T, Jdg>dMy)
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