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- Branching ratios:
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Exclusive b — suu: experiment
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- Angular observables (B® - K uu):
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Consistent pattern of deviations from the SM with

conservative estimates for missing non-local power

corrections.

Violating ratios.

No tensions in u/e Lepton Flavor Universality
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Exclusive b — suu: global fits

Scenario Best-fit point Pullgy | p-value

b— slTl~ Cqg —~1.17 _—1.33, -1.00] | 5.8 |39.9%
Cy ~1.18 —1.35,—1.00)
+ p— 9 ! ) )

b= st7l CHy +0.10 —0.04,40.23 00 39.1%

|Capdevila et al, 2309.01311]
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- HMMN
+ GRvDV

Hurth et al, 2104.10058]
'‘Gubernari et al, 2206.03797]

- Many global fitters:

ABCDMN [Alguerod et al, 2304.07330]
AS/GSSS [Altmannshofer et al, 2212.10497]
« CFFPSV

[Ciuchini et al, 221210516]
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ow-g* B — X,/ inclusive constraints are consistent with
the SM (more on this later)

[Mahmoudi, 2025]

[AII observablesj

O

IPRELIMINARY

68% CL (2024)

I 95% CL (2024)
)
= 95% CL (2023)
== 68% CL (2022)
- 95% CL (2022)

talk at “(Re)interpretation of the LHC results for
new physics”, CERN, Feb 25-28 2025
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Legend:
SCET = Soft-Collinear Effective Theory
FF=Form Factors

B . ) . LCDA=Light-Cone Distribution Amplitudes
L [1eoretlCal lesues

OPE = Operator Product Expansion

. Intermediate charmonium resonances contribute via: photon pole
(only K* and X ))

B > (K,K*, X )y.. — (K,K* X))+t~ 4 )

. Contributions of J/yw and ' have to be dropped: .
@\
. Lovv-0|2 = 1GeV? < q2 <6 GeV? %3 |
. High-g* = g > (14.4 or 15) GeV/ O |
=
Theory Experiment S,
S
Excl, Low-g? SCET (FF+LCDA) + High statistics §
’ - non-local PC 9 —
—
| OPE in g2 (FF) + .
_N2
Excl, High-g ocal PC Low statistics
. High Xs multiplicity L L |
a2 0
Incl, Low-g OPE in Mx +local PC difficult at LHCD) 0 . 2 10 2 152 20
nel High.q? OPE in Mx breaks Low Xs multiplicity q =My, [GeV7]
I down (large local PC)| (possible at LHCb) broad resonances

at high-qg2
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Exclusive b — suu: global 1its

- Good agreement between global fitters it (1) same sets of inputs are used and (2) unkown non-local power
corrections are estimated [Capdevila et al, 2309.01311]:
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« Main difference between the
fits on the left is whether the
6,8] GeV2 bin is used or not

« In the Phen. Data Driven
approach, non-local power
corrections are fitted to dato

- The problem is that non-local power corrections with a mild g2 dependence ook identical to new physics

contributions to Cy
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Inclusive b - suu: theory

- Up to power corrections the inclusive rate is free of hadronic uncertainties:

o) b
mj,

A2CD
['B—- Xl =1b— X0 + 0( 0 )

- The OPE breaks down at high-g2:

2
A
b § s § _b p2 < | m,—1/q> expansion in ————
. ’ my, —1/q?
-

Power corrections proportional to | Cy 1 \2 are identical to those which appear in B’ — X v and they can

ne removed by normalizing the rate to the semileptonic rate with the same g2 cut [Lee, Ligeti, Stewart,
Tackmann]:

fqz dq e [Note that we need the neutral BO
Q?(qg) = - semileptonic rate to avoid contributions from
m2 dI'(BY - X Av) . D .
J b dq2 certain weak annihilation matrix elements]
q5 dq?
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ISSUES

EIrors

results

nclusive b — suu: theory

NNLOqcp + NLOgqep

cc resonances: included using ete™ data via a dispersion relation (Kruger-Sehgal mechansim)

QED radiation: soft/collinear photons treatment at B-factories and LHCb needs to be taken into account

ny cuts: at low-g2 removal of double semileptonic background, b — (¢ — s€v)fv, requires extrapolation in my

Dominant uncertainties:
- Low-g2 = resolved photon contributions (irreducible 5%) and scale (N3LO)

- High-g2(BR) = power corrections (OPE breakdown)

- High-92 (v — s¢7/b — uzv ratio) = parametric (CKM) and power corrections (5x smaller than in BR!)

RB[1,6],, = 1729 (1£4.4%, 1. ¥1.1%,, £2.3%¢,, *1.2%,, £0.5%, £0.1%cxy * 1.5%pr + 0.7%; 5% cqo1eq) X 107
=(17.29+1.28)x 10~ [7.4%] 519

Bl > 14410 QED = 259 (1£8.1% 1 £ 1.2%,, * 1.9%,, +7.3%,, £0.2%, +0.08%cxy £ 1.5%pg, *3.9%, +£10%, +21%, )x 107
= (259+068)x 1077  [26%] 23 59

R(14.8)6 QED = 26.02 (1 £ 1.6% ey £ 1.2%,, £ 0.4%,, +0.4%,, £ 0.5%, £4.3% 1 £0.2%; £1.3%, £4.6%, )x10™ Y 5x reduction
=(26.02£1.76) x 107*  [6.8%] ‘ 180
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Inclusive b — suu: experiment

e B-factories

- A fully inclusive measurement is possible (opposite side tag + dilepton)

- Current measurements use sum over exclusives:
final states containing up to 4 pions are identified and the rest is reconstructed using Isospin and JetSet

e LHCDb atlow-g?2

. B+ > utu~ Kt + nz™ (only charged particles) and use isospin to reconstruct the full inclusive rate
(this is very similar to current B-factories measurements) [Koppenburg, CERN-THESIS-2002-010]]

¢t

.+ X, > KTu" =X, use isospin to reconstruct the X, system and
subtract A, and B, modes [Amhis, Owen, 2106.15943] ( K

X

o LHCb at high-qZ [diagram cou.r.tesy of J. Jenkins]

The inclusive rate is dominated by the K, K* and Kz modes: an inclusive measurement is already at hand!

[Isidori, Polonsky, Tinari, 2305.03076]
[Huber, Hurth, Jenkins, EL, Qin, Vos, 2404.03517/]
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3R at high-g? from LHCD

. Forg*> 15 GeV* we have My < 1.41 GeV the B(B — Xu*u™) and the rate is saturated by the
X =K, (Kr)s.yave Krrand K(nr),., modes with progressively smaller contributions

« Dominant K(*) modes [LHCb, 1403.8044]:

BB - Ktup)[ > 15] = (0.85 = 0.05) x 107’

BB - Kouw)[ > 15] = (0.67 £0.12) x 10~/
BBt - K Tuu) > 15] = (1.58 +£0.32) x 107’
BB - K 0u)[ > 151 = (1.74 £ 0.14) x 107’

— BB — Kup)[ > 15] = (0.82 +£0.05) x 107’

— BB — K*up)[ > 15] = (1.72 £0.13) x 10~/

BB - KOu)[ > 15] = (2.54+0.14) x 10~/

+ (Krm)g.waye contribution [LHCb, 1606.04731]:

AB(B Ktn),_ 2
F, = (B — (K*m™) j_oup) . F, 15<g®<19 '\ _ 0.019700%0 1 0,015
BB — (Ktrn~)—oppt) + BB = (K*m~) ;—11ih) 0.64 < M, < 1.20 '

_ _ 2 J=0

Using isospin: BB — (Kn),£7¢™) = BB - (K n7),77) X < 2
1 J=1
) 3 F L
= BB~ Knguyl > 15] = -~ SF BB — KOu)[ > 15] = (0.05 + 0.09) x 1077
— LS
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3R at high-g? from LHCD

- Krnnm contribution [LHCb, 14081137]:

BBt - KTntn~ uu)[14.18 < g% < 19]
Ag?

= (0.10100¢ £0.01) X 107® GeV ™2

Assuming that the Kzz mode is dominated by zz in S wave and using isospin we obtain:

BB — Krmup)| > 15] ~ BB - K(zn)£T¢7) = BBt > KT (ztn ") £1C7) X% = (0.06 £ 0.04) x 10~/
[we assume a flat differential rate in the [14.18,19] bin to obtain the g2>15 GeV?2 branching ratio]

|

where the uncertainty is simply lifted from the Kzz mode.

- K(nn),., contribution:

B(B — K(nm),oupl > 15] = (000 £0.04) x 107 | {2y
|

. The complete K(nx) contribution is B(B — K(nz)uu)[ > 15] = (0.10 £0.10) x 10~/ and
accounts for only about 5% of the inclusive rate at high-g?2

. Combining K™ and K(nx) modes we finally obtain:

D, AN —7 Result obtained in collaboration
(B — XS’M’M)[ > 15]=(2.65£0.17) X 10 with G. Isidori, Z, Polonsky and A. Tinari
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3R at high-g2: SM

- Using the Belle [210713855] measurement of the B — X v q2 spectrum we can convert our SM prediction

for the ratio %(qg) iNto a “experiment assisted prediction” for the high-g2 branching ratio.

. This SM prediction can be used to discuss compatibility with the exclusive anomalies under the assumption

of no New Physics in B — X,fv

Belle. 711 fb-! BB — X 0) > 14.4] ., = (1.76 £0.32) x 107* [18.2%
oy T BB — X, L0 > 1514, = (1.52£0.28) x 107 [18.4%
% 0.14 _ 1 T —— St(:)a: fJLrlmr;Ceerta?:t]yy _
> : | ,__FJ. —o— — E)F/znd B-Xutv MC
§ on TR, v
Sowf ! | L | BI> 14490 = R(144) X BB — X,L0) > 144],,
Q 0.06 | L ]
ol "] = (4.58 +0.89) x 107 [19.4%]
S 0.02 : L_'%:;:g: ﬁ
8O T T TS Bl > 15lspm. g = R(15) X BB — X, LD > 15],

= (4.10%£0.81) x 10~/ [19.8%]

. The total uncertainty is dominated by the B — X v partial rate
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3R at high-g?: SM vs experiment

. Let's begin putting all this information together by “rescaling” the BaBar and Belle inclusive

measurements to something that can be directly compared to the LHCb one:

BaBar (with QED, g; = 14.2), Belle (with QED, g5 = 14.4), LHCb (no QED, g5 = 15).

. . B > 14.4],,, B[ > 15
» The required rescaling factors are: : hith QED ) _ ) 96 and L> Dlno GED = 0.97
Bl > 142)with qep / Bl > 14.4)withqep / o,

- The picture that emerges is not clear:
o) | BaB B . .

S ooarroelie there are tensions between the two experimental and the
o LHCDb (isospin) two theoretical determinations!

2.65+0.17

[2.70£0.17 with

BR(BT — K™ uu) from CMS L .

P Rmatem VST The two SM predictions are dominated by power

— SM: BR

2.5910.68 ___corrections and by the experimental b — ufv rate,

. | SM: R*BR(b-ulv) :
4102081« respectively.
T2 3 4 s e

BR(B — X,/107)[> 15] x 107
E. Lunghi 12 /17 Moriond QCD 2025



3R at high-g?: SM vs experiment

. All results corresponding to a cut at 14.4 GeV? (the LHCb “measurement” has been rescaled)

. A lower g? cut corresponds to a larger hadronic phase space (implying better OPE behavior)

[ | o + Bolle | o - Belle j—» Based on 140M BB pairs but
about 8OOM have been
+ ° { BaBar : o | BaBar .
VoELe 10.2246 collected! Imperative to use
T v | ‘ | A the whole Belle dataset in
o LHCb (isospin) Belle+Belle Il analyses
2.73+£0.18
e Exp: Average - The experimental average
frescaling factor = 241 requires a PDG rescaling
bett factor of 2!
aSreeerment! gl\é'%fé?m ——e—— 1s_l,w?:,3|§
- The SM average includes a
SM: R+xBR(b-ulv) .
3912079 20 % correlation: the & x BR
M 3214065 2 error is dominated by the
[rescaling factor = 1.2] .
b — ufv experimental rate
2 3 4 5 6 7 10 15 20
BR(B — X /T07)[> 14.4] x 107 BR(B — X,/T¢7)[1,6] x 10
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current constraints

* Inputs:
* BR(B, — pp)-"'"

o BR(B N Xsbﬂbﬂ)ﬁ;}factories
05 |+ BR(B - X)L
N * BR(B—- X/ I/)Eielllle
ZQ;S 0.0 3} g

) i
_ q“>14.4 ]
10 u . RB—)XSEK/XU&/ |

1<q?<6
BB—)XSEK & BBS—),LL,LL

] Combined
|—2||II—1IIIIOIIII1HH2H
Co "
- - using #£[14.4]qu
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Projected constraints: Belle

Ny /|« Focus on low-g? where the inclusive OPE is better behaved

Inclusive Projection

Belle IT 50 ab ™ )+« Use of normalized angular observables (H;/ %), lowers

/ /7 impact of the My cut in the low-g? region
0-5 /© « Dashed contours correspond to 3o, 40 and 50
= :
S « xis the exclusive best fit from ABCDMN'23

. Lovv—qr2 observables at Belle-Il can confirm current

anomalies at 4o

-1.0 Byl -
; (Hr/B) S,
-1.5 R | Combined
| | | | | | |
_2 -1 0 1 2
C3
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Projected constraints: LHCb & Belle

- We assume 6(B, — up) = 4.8 % corresponding to 300 fb™!

15 b — stf
'~  Inclusive Projection at the HL-LHC
! Belle II 50 ab™*
10- HL-LHC 300 fb~' }

. Projected uncertainty on %£(14.4) is obtained combining:

5B, . > 14.4] = \/ (2.6% ) + (3.9%,)> = 4.7%

5B, .| > 14.4] =52%
- = 5R(14.4) = 7.0 %

-« Inclusion of high-g* observables allows to

B REX wxer - confirm the exclusive anomalies at the 5¢ level
o HE
BBs—mu

|| Combined

1 2
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oummary

* Exclusive b — suu modes point to a > 5¢ deviation from SM barring anomalously large non-local power
corrections at |OW—q2 |see talks of Marco Fedele and Nico Gubernari]

* Inclusive modes probe the exact same New Physics, have “orthogonal” theoretical issues but are
experimentally harder to measure

» A precise measurement of the inclusive branching ratio at high-g? is already at hand at LHCb
* The theory assisted combination yields % (B — X uu)[ > 15] = (2.65 +0.17) x 107’

* LHCDb is enthusiastically encouraged to provide:

> The K, K* and the non-resonant K + nx branching ratios and their correlations (to allow for combinations
with B-factories, CMS and ATLAS)

» Lower the g? cut to g > 14.4 GeV? (for a better OPE description)

E. Lunghi 17 /17 Moriond QCD 2025



nclusive b — suu: executive summary

* Exclusive b — suu subject to potentially

large and uncontrolled power corrections

2.007
1] —— ABCDMN
1.754| —— AS/CGSSS
1/—— CFFPSV (PDD)
Lﬁk —— HMMN
1 % SM
1.25
1.00
S 0.50-
0.25- ‘
0.00 ‘{
—0.25- (/I
‘/
—0.50-
| b >y sl ‘23
—0.75 \\\\'\\\\\\\\\|\\\\\\\\\|\\\\\\\\\\\\\\\\\\'\\\\\\\\\'\\\\
—15 —1.0 —0.5 0.0 0.5 1.0

Up to power corrections the inclusive
rate is free of hadronic uncertainties:

/\262)
I'B - X.¢¢) =T[b— X£¢] + O ( :

b

E. Lunghi

’
m2

- The OPE breaks down at large ¢* = m?

but not for the ratio:
2 dI'(B = X.21¢7)
my, 2 s
L]& dq dq?

mp . o dT(B = X,v)
J . da*—
40 q

R(q3) =

* LHCb has already measured enough

high-g? modes to reconstruct the BR:
B[ > 15]) yop = (2.65£0.17) X 107

* LHCb should produce a proper
combination of these modes taking
into account correlations and for
g°> > 14.4 GeV?

* Using differential Belle semileptonic
data the high-¢* and the theory
orediction for %:

B[ > 1515\ 14Belle = (410 £0.81) x 107

18 /17
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* Inclusive modes are currently in
agreement with data

* Future LHCb + Belle Il data can

confirm the exclusive anomalies at

5o it central values do not change:

15" b — sl
- Inclusive Projection
I Belle II 50 ab ™
100 HL-LHC 300 fb™'

2 _
g?>14.4

D RB—>XS£€/XuEV 1

1<q?<6

D HB—>XS££

D BBS 7

] Combined
e
Co"
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