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HQE in B — X v
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Reviews:
D. Benson, I. Bigi, T. Mannel, N. Uraltsev, Nucl.Phys. B665 (2003) 367;

J. Dingfelder, T. Mannel, Rev.Mod.Phys. 88 (2016) 035008.
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e Can we apply B — X.£v HQE to D — X,¢v decays?

See also: P. Gambino, F. Kamenik, Nucl.Phys. B840 (2010) 424
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e Can we apply B — X.£v HQE to D — X,¢v decays?

e In D — X,{U there are two expansion parameter:
Aqcp/mce and mg/mc.

e RGE origin of non-analytic term ~ log m;.

See also: P. Gambino, F. Kamenik, Nucl.Phys. B840 (2010) 424
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[(H = Xqtp) =) T(H — htD)
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o || M) [HOF = 21m [ dtx e e (| T (Fan (). Fl(0)} 1)

e Meson momentum: py = myv

e Quark rephasing: Q(x) = e_i"’QV'XQV(x), i.e. po = mov + k.
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Operator Product Expansion

/ d*x eI T{04(x), 0x(0)} = 3 €, 0,(0)

e Matching scale p.
e Cn(p): short distance (perturbative) effects.
o (H[0,(0) [H),: large distance (non-perturbative) effects.
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OPE for Semileptonic Decays

e The Effective Hamiltonian
AGEVekm iy
T b

e The decay rate I'(H — X/{©) oc LM W,,,, with

%eﬂ? -

WH = 2Im / d*xe™ " (H| T{ji"(x),j2(0)} |H)
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e Take matrix elements with free quark and gluon states:

= i(pp)y"PL {m] V" Pru(ps)

Sy + k with P = mpv — q.
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e Take matrix elements with free quark and gluon states:

= i(pp)y"PL {m] V" Pru(ps)

Sy + k with P = mpv — q.

Now expand ...
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e b — c transitions:
e large: mpv — g ~ mp ~ mc > Aqep.
e small: kK ~ Aqcp.

1 1 1 1 1 1 1
P+k_mc:P_mc_P_mckp_mc+P_mckP_mckP_mc

e ¢ — s transitions:

e large: mev — g ~ me > Aqep.
e small: k ~ ms ~ Aqcp.

1 1 1 1 1 1 1
Frf—m = p pRm)pt gk m)gk—m)g ..
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e b — c transitions:
e large: mpv — g ~ mp ~ mc > Aqep.
e small: kK ~ Aqcp.

1 1 1 1 1 1 1
P+k_mc:P_mc_P_mcKP_mC+P_mckP_mckP_mc

e Cc — s transitions:
e large: mev — g ~ me > Aqep.
e small: k ~ ms ~ Aqcp.

o
P‘i‘k—msip

1 1 1 1 1
E(k - ms)ﬁ + ﬁ(k_ ms)ﬁ(k— ms)ﬁ +.

Operators in the HQET

0n(0) = Q,(iDy1)(iD,2) - - - (iDun)T @y
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HQE Parameters

2
e 1/mp

Kinetic energy: —2mpufi2 = (H| Q,(iD)*Q, |H)
Chromomagnetic moment:  —2myfi% = (H| Q,(iD,.)(iD,)(ic"")Q, |H)

3
° l/mQ

Darwin term:  2myp3, = (H| Q,(iD,)(ivD)(iD*)Q, |H)
Spin-orbit:  2mupis = (H| Q,(iD,)(ivD)(iD,)(ic"")Q, |H)

e 1/mg: 4 parameters; 1/my,: 18 parameters.
T. Mannel, S. Turczyk, N. Uraltsev, JHEP 1011 (2010) 109;
T. Mannel, K. Vos, hep-ph:1802.09409.
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The general structure of the expansion for D — X /{v:

A 2 2
dl'=dlo +dl 2 < ?nCD) + dl (2,2 (:)

c C

A 3 A 4
+dl;3 <?nCD) + dr(4,1) ( QCD> + dr(4,2) <

c mC
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Non-analytic terms b — c decays

e Quark mass ratio: p = (mc/mp)?.
e Partonic:

G2
partonic 192 3

e Darwin term p3:

r |VC\{1—12p2|ogp+ -}

_ GEmy
i 19273

r Ve |2” Slogp+ -}
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Full Theory

7 v
Ng
my
S mpu + k
HQET v1:
e matching scale i ~ m. Ko~ me |
e Operators contain b, and iD,,
“Energy
GEmy, 12}
= V22D 1o
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HQET v2:
e Operators:
M~ mb__
(B[ by (iD,)(ivD)(iD")by |B) = 2Mg pp (1)
(B[ (by” Pre)(ev"Piby) |B) = 2Mg [Ta(n)g"” + Ta(p)v'v"]
RGE
e Matching conditions: m,
Coplm) =10 Cr(m)=-3  Cr(my)=0 L
pp\Mb) = 75 Tu\me) = T\Mb) = Energy
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RGE evolution

e RGE solution:
Cr,(1) = Cr,(ms)
C o (1) = Con (M) — ~ log ("‘2> [Cr(m) — 2C7, ()
o3 P 3 m[27 1 2

e At the scale = m¢

17 m?

See also: |. Bigi, N. Uraltsev, R. Zwicky, Eur.Phys.J. C50 (2007) 539; I. Bigi, T. Mannel, S. Turczyk, N. Uraltsev, JHEP 1004 (2010)
073; C. Breidenbach, T. Feldmann, T. Mannel, S. Turczyk, Phys.Rev. D78 (2008) 014022
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D — XU decays

HQET v2:

e Operators:

(D] &,(iD,,)(iWD)(iD")e, |D) = 2Mpph (1)
(DI (27" Pis)(57"Puc,) D) = 2Mp [Ty (w)g"” + To(u)v*v"]

e Matching conditions:

17

Cpp(me) = 12
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Crl(mc) =-3

Crz(mc) =0

B~ Me

RGE

m; ?

E n_e_rgy
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Can we evolve y — m,?

Define the RGE invariant:

Ro = o) |12 +og ()| - 37300

Then measure:
G,%—mz 5 1
3 2473 ' m3
b b
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1
m¢ log mg

e Operator Mixing:
(DI (108,78 5T6,) D) = 2Mp | Ta()gisver + Ta(12)ga v
o T8 i+ Toln)Viavo Ve + 1 Te(1)epwsv” |

Om = mi(n)evycy
e RGE evolution

[CT3(m,_.) — Cr,(me) — Cry(mc) — CT7(mC):|

e RGE invariant:

Mp = Cn(p)me(p)* + Z Ti(w)

See also: C. Bauer, A. Falk, M. Luke, Phys.Rev. D54 (1996) 2097
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Outlook and C

e Systematic heavy quark expansion of D — X fv rate
in Aqcp/me and mg/me.

e In ¢ — sl transition we cannot integrate out four-quark operators.

e We propose to employ HQE parameters which are RGE invariant.
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Outlook and Conclusions

e Systematic heavy quark expansion of D — X fv rate
in Aqcp/me and mg/me.

e In ¢ — sl transition we cannot integrate out four-quark operators.

e We propose to employ HQE parameters which are RGE invariant.

Please measure inclusive semileptonic D — X,{v rate, lepton’s
spectrum, moments . ..

Please calculate HQE parameters for D — X/ on the lattice.
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Outlook and Conclusions (To Do List)

HQE parameters at 1/m?

RGE origin of ii?

3 m2°
me mg

Role o corrections.

Clarify the m, definition that must be employed.
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