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HEAVY QUARK EFFECTIVE THEORY

DAVIDE IACOBACCI

• The presence of heavy quarks simplify the study of hadronic systems 

• 𝑚𝑄 ≫ 𝛬𝑄𝐶𝐷

• Λ𝑄𝐶𝐷  separates the perturbative and non-pertubative regimes.

• In the Standard Model: 𝑢, 𝑑, 𝑠 are light; 𝑐, 𝑏, 𝑡 are heavy.

• The heavy quark, surrounded by the strongly interacting «brown muck» is almost on-shell

• “Large” and “ Small” component of the field 𝑄 𝑥 :

•                             are the projector operators and 

M. Neubert, Phys. Rept., 245, 259 (1994)



HQET LAGRANGIAN
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• The QCD Lagrangian becomes:

• is transverse covariant derivative of QCD.

• 𝑄−
𝑣 𝑥 can be integrated-out as it appears as a heavy degree of freedom with twice the heavy quark mass:

• The Lagrangian is now suitable for an expansion in 1/𝑚𝑄:

• To second order:

• is the field-strength.



MATCHING ONTO QCD

DAVIDE IACOBACCI

• In terms of the large field components, the generic source term becomes:

• The expansion in 1/𝑚𝑄 gives

• We are interested in 𝐻𝑏 → 𝐻𝑐 transitions.  The matching onto QCD is:

Bernlochner et al. Phys.Rev.D 106 (2022) 9, 096015



B A R Y O N  D E C AY S

𝚲𝒃 → 𝚲𝒄
∗ 𝟐𝟓𝟗𝟓, 𝟐𝟔𝟐𝟓

• Indipendent determination of 𝑽𝒄𝒃

• Lepton Flavor Universality ratios 𝑹𝚲∗

• Comparison with Lattice QCD results 



SECOND-ORDER MATCHING 
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The symbol “   ” denotes an operator product:

RESIDUAL CHIRAL 
EXPANSION

VANISHING 
CHROMOMAGNETIC

PLUS SHORT DISTANCE CORRECTIONS 𝒪(𝜶𝒔)



RESIDUAL CHIRAL EXPANSION
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• The mixed term breaks the 𝑈 1 + × 𝑈 1 − chiral symmetry of the kinetic Lagrangian.

• New power counting:

• At                  

Bernlochner et al. Phys.Rev.D 106 (2022) 9, 096015



VANISHING CHROMOMAGNETIC LIMIT
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• In the VC limit 

• At                 



HADRONIC MATRIX ELEMENTS IN QCD
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𝚲𝐛
𝟎 → 𝚲𝐜

∗[𝟐𝟓𝟗𝟓] (𝐉𝐏 = 𝟏/𝟐−) matrix element in QCD

𝚲𝐛
𝟎 → 𝚲𝐜

∗[𝟐𝟔𝟐𝟓](𝐉𝐏 = 𝟑/𝟐−) matrix element in QCD

Böer et al. JHEP 06 (2018) 155



HQET MATRIX ELEMENTS
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• We work out the vector current example

• At 𝓞(𝟏/𝒎) order the local terms are: 

• 𝜁 𝑤 , 𝜁𝑖
(𝑞)

are the leading and sub-leading Isgur-Wise functions.

• Only one independent sub-leading IW function: 𝜁3
(𝑏)

≡ 𝜁𝑆𝐿 .

MATRIX ELEMENT PARAMETERISATION FOR A GENERIC CURRENT 

Böer et al. JHEP 06 (2018) 155
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• At 𝓞(𝟏/𝒎) the non-local terms 𝓛𝟏
(′)

= 𝓛𝒌𝒊𝒏
(′)

+ 𝓛𝒎𝒂𝒈
(′)

: 

• At 𝓞(𝟏/ 𝒎𝒄
𝟐 , 𝜽𝟐) in the RC expansion: 

• At 𝓞(𝟏/ 𝒎𝒄
𝟐) in the VC limit: 

Non-local terms are reabsorbed:

RESIDUAL CHIRAL

VANISHING CHROMOMAGNETIC



FIT TO THE LATTICE RESULTS
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RC EXPANSION VC LIMIT

The Form Factors depend on 7 and 5 Isgur-Wise functions in the RC expansion and VC limit respectively.

• Isgur-Wise functions are not known from first principles.

• We use the lattice results given in the form:

𝑓𝑖 = 𝐹𝑖 + 𝐴𝑖 𝑤 − 1 .

• We expand the IW functions to the first order in 𝑤 − 1 :

𝜁 = 𝜁(0) + 𝜁(1) 𝑤 − 1 .

• We fit our Form Factors to the lattice results.

• We use a 𝜒2minimisation and find remarkably good fits.

• Neglecting NNLO terms, we achieve a poor fit.

𝜒𝑅𝐶
2

𝑑. 𝑜. 𝑓
= 0.89

𝜒𝑉𝐶
2

𝑑. 𝑜. 𝑓.
= 0.84• NNLO corrections are necessary to reconcile HQET with LQCD results.

Meinel, Rendon PRD 

105 (2022) 5, 054511



USING VECTOR AND 

AXIAL FORM FACTORS 

AS INPUT
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RC EXPANSION VC LIMIT

𝜒𝑅𝐶
2

𝑑. 𝑜. 𝑓
= 0.84

𝜒𝑉𝐶
2

𝑑. 𝑜. 𝑓.
= 0.72

WE PREDICT TENSOR AND PSEUDO-TENSOR FORM 
FACTORS



TENSOR 

FORM 
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TENSOR 

FORM 

FACTORS
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CONCLUSIONS

• HQET IS A VALUABLE TOOL TO STUDY HADRONS CONTAINING A HEAVY QUARK

➢ Λ 𝑏 → Λ 𝑐
∗ 2 5 9 5 , 2 6 2 5 represent relevant applications.

➢ We went beyond previous analysis of this channel computing Form Factors at 𝒪(1/ 𝑚𝑐
2).

➢ We showed the relevance of the novel 𝒪(1/ 𝑚𝑐
2) terms to reconcile HQET with the lattice QCD results.
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SPIN-FLAVOUR SYMMETRY & ISGUR-WISE FUNCTION
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• is invariant under 𝑆𝑈(2) spin group.

• For 𝑁ℎ heavy quarks                                                     and 𝑆𝑈 2 ⇒ 𝑆𝑈(2𝑁ℎ)

• Symmetry breaking  terms are suppressed by powers of 1/𝑚𝑄.

• Scattering of a pseudo-scalar meson 𝑃 𝑣 → 𝑃′(𝑣′) involving the transition 𝑄 → 𝑄′.

• The hadronic matrix element can be written as

• The universal form factor 𝜉(𝑣 ⋅ 𝑣′) is the “Isgur-Wise” function.

SPIN-FLAVOUR 
SYMMETRY

What happens to the 
brown muck?

If 𝑣 = 𝑣′ nothing happens

If 𝑣 ≠ 𝑣′ form factor suppression



HELICITY AMPLITUDES
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Helicity Amplitudes for 𝑱 = 𝟏/𝟐

Helicity Amplitudes for 𝑱 = 𝟑/𝟐



(RC) VECTOR FORM FACTORS
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𝚲 𝒃 → 𝚲 𝒄
∗ 𝟐 𝟓 𝟗 𝟓

𝚲 𝒃 → 𝚲 𝒄
∗ 𝟐 𝟔 𝟐 𝟓



(VC) VECTOR FORM FACTORS
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𝚲 𝒃 → 𝚲 𝒄
∗ 𝟐 𝟓 𝟗 𝟓

𝚲 𝒃 → 𝚲 𝒄
∗ 𝟐 𝟔 𝟐 𝟓


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

