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Semi-inclusive charm decays

 Experimental detection of partial final state particles
=D — e"X(D — e"v,X, only e is detected)

 Sum of a group of exclusive channels
m DY 5 etX =D — etv, K, etv, K 7% etv, K%, ...

w DY - etX, =D — etva,etvan’ etvantn,...




Why inclusive charm decays?

 As weak decays of heavy hadrons
= Probe new physics
= Understand QCD
« Compared to exclusive decays
= Better theoretical control
« Compared to beauty decays
= Special to new dynamics attached with up-type quarks

= More sensitive to power corrections

% Determination by charm, application in beauty.
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Why inclusive charm decays?

Flavor puzzles.
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[Lenz et al, 22]
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Charmed hadron lifetimes:
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Why inclusive charm decays?

Flavor puzzles.
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Why inclusive charm decays?

Solutions/hints to flavor puzzles.

 Charmed hadron lifetimes: theory vs experiment

= Dependence on identical hadronic parameters in HQET, (H.| O, | H..)

= EXxtraction in the inclusive decay spectrum and application to lifetime

Again a more precise experimental determination of p% from fits to semileptonic D, D° and D}
meson decays — as it was done for the BT and B decays — would be very desirable.

¢ Vcb’ V

U

[Lenz et al, ’22]
;, puzzles: inclusive vs exclusive

m V., V. test: inclusive vs exclusive
= |nclusive still missing

« b — s anomalies: P;in B - K*(¢

= Test the ¢ — wu transition, by angular distribution in D — X £°¢
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Theoretical framework

* Optical theorem
3 (DIHIX)(X|H] D) o Im | d'x(D| T{H(OH(0)) | D)

* QOperator product expansion (OPE)

= Short distance x ~ 1/m.

= Fluctuation in D meson ~ Aqcp

AQCD A%QCD
T{HXH(©O)} = ) C,(x)0,(0) - 1 + + T

2
m g

Systematic OPE in HQET.




Theoretical framework

« Heavy quark effective theory

. | .
h(x)=e """ > c(x) v =(1,0,0,0)

Subtract the big intrinsic momentum,
Leave only ~A, degrees of freedom.

L> hjv-Dh,
—h Dzh —a(u)gh GOGh + ...
"2m, " "4m,. "
Similar to - =m+lmv2+...




Theoretical framework

. OPE

T{HX)H(0)} = ) C,(x)0,(0)

= Dim-3: h h, (Cy"c) — partonic decay rate.

= Dim-5: h,D*h,, gho - Gh,.

= Dim-6: h,D,(v - D)D*h,, (h,I'1q)(I";h,), . ..
* Contribute to inclusive decay rate and also lifetime

= Matrix elements of the same operators

= Only different short-distance coefficients

Ay

1 _
= ——(D|h(iD)*h,| D) = — ji?

4mD
1

~16(s,. - S,) 2myp

1
(D|h,go - Gh,| D) =

ué

|



* Analytical results

1 dI :{2(

['p dy
221 |
mi |
2o |
mi |

Theoretical framewo

3 —2y)y°0(1 —y)

D 1

3 6

y? (6 + 5y)0(1 —y) + 12—15(1 —y)0(17 —y)

rk

)

—5y°0(1 —y) + é5(1 —y)0(1" —y) + (1 —y)o(1" — y)-

y=2E,/m,

* Up to finite power, the obtained differential decay rate is NOT the experimental spectrum

= Observables require integration over final states

1 [dl 1
E)=—|—E,dy, (E2) = —
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Events / 50 MeV

Experimental status

CLEO measurements
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Experimental status

BESIIl measurements
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Experimental status
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[Gambino,Kamenik, ’10]
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1A(D) = (0.48 £ 0.20)Ge V?
uz(D) = (0.34 £ 0.10)Ge V?

[Lenz et al, 22]

uZ(D) = (0.304 £+ 0.037)Ge V?

u(D) = (0.209 + 0.015)GeV?

[Our results]



Global fit (preliminary)
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Further Plans

Include NLO corrections

Include dimension-6 operator contributions

Take Into account the observable correlations

Extract the hadronic parameters (and the charm mass)
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Wishlist

Precision measurements of leptonic energy spectrum in the rest frame of
charmed hadrons

q2 spectrum, good for higher-dimensional operators

Separate X ;, X, to give first measurements of V_,, V

Rare decays: D — X ¢, STCF?

Thank you!
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Backup
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Experimental status

CLEO measurements
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p J &5

T pairs,

BESIIl measurements
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