Some Studies in Heavy Quark Fragmentation

Brian Harris^1, Eric Laenen^2, Carlo Oleari^3

1Argonne,^2NIKHEF,^3Durham

1. Fragmentation ambiguities at LO in pp̄ → BB̄ 2. Non-perturbative FF from SLD data vs. NLL-improved theory 3. Remark on HQET approach to FF

– B-physics Workshop, WG4, Fermilab, Feb. 25 2000 –

Fragmentation ambiguities at LO in pp̄ → BB̄

The single-B hadron inclusive cross section can be factorized as (not at too high order)

dσ(pp̄ → H[Q] + X) = ∑ ijk ∫ dx_1dx_2dz

×ϕ_i(x_1)ϕ_j(x_2)dσ̂^{ij→Q+X} (x_1, x_2, z, . . .)D^{Q→H[Q]}_Q (z)

When fragmenting a heavy quark to a heavy hadron there are various ambiguities, besides the choice of ϕ^′s and D.

• use ⃗p_H = z ⃗p_Q or (E + p_{||})_H = z(E + p_{||})_Q or...

• fragmentation of heavy flavor in lab frame or partonic cms frame

• effect in e^+e^−− > e^+e^−cc̄ Frixione, Krämer, E.L.’99 (also big effect for charm production at HERAHarris. )

• interplay of such choices with acceptance cuts • . . .

What follows are some results of an (ongoing) little study we doing for this reaction, at leading order in QCD.

Remarks

• [ boosting,fragment ] ≠ 0, but not too large for Tevatron Bproduction; some interference with acceptance • noticeable consequence of fragmentation “scheme” (zp^μ, z⃗p, zp^+)

acceptance σ[μb] lab. parton cms σ[μb] no cuts 26.24 26.24 p_T > 0.5, |η| < 1.5 9.66 8.87 p_T > 5, |η| < 1.5 2.58 2.53

NLL-improved nonperturbative FF from SLD data

Study done by Carlo Oleari for this workshop.

Perturbative heavy quark FF’s (PFF’s) pioneered in Mele, Nason ’91, and extended in Nason, Oleari ’97-’99.

PFF’s serve to get a reliable perturbation theory result, even when the heavy quark mass m is much smaller than the hardest scale, e.g. p_T , and there are large ln(p_T /m) terms.

Reaction, at center of mass energy E ≫ m (think LEP and SLD)

e^+e^− → V (q) → Q(p) + anything x = E_Q E_{beam}

Heavy quark cross section factorizes as

dσ(x, E, m) dx = ∑ i ∫_1 x dz z dσ(z, E, μ) dz D^Q_i ( x z , μ, m )

D^Q_i (. . .) is the PFF

The μ dependence of the PFF is governed by an Altarelli-Parisi equantion:

dD^Q_i (x, μ, m)

d ln μ = ∑ j ∫_1 x dz z P_{ij} ( x z , α_s(μ) ) D^Q_j (z, μ, m)

Moments of the PFF obey

D^Q(N, μ) ≃ D^Q(N, μ_0)e^{γ1(N)αs(μ) ln μμ}0

When E ≫ m, the perturbative series for the heavy quark cross section is riddled with large logs

α^n_s ln^n ( E m )

The PFF can absorbs them by putting

μ = E

To confront data, the PFF must still be convoluted with a function that describes the final hadronization:

D^H_Q (x, μ) = ( D^H_{Q,pert} ⊗ D^H_{Q,NP} ) (x, μ)

The best calculation currently possible (Nason, Oleari ’97-’99) PFF based resummation for E ≫ m, to NLL accuracy, i.e. includes to all orders

LL : α^n_s ln^n ( E m )

NLL : α_s ( α^{n−1}_s ln^{n−1} ( E m ))

(1) uses a fixed order α^2_s calculation with masses explicit Nason, Oleari ’98;

Rodrigo ’96; Bernreuther, Brandenburger, Uwer ’97. Two NP fragmentation

models used to compare to SLD data

• Peterson

• “Euler” (z^α(1 − z)^β)

Figure 1:

Fit to SLD data of Peterson and “Euler” nonperturbative fragmentation function via NLL improved calculation.

Figure 2:

Functional forms of NP fragmentation functions.

Remarks

• Peterson with best fit ϵ does not fit well..

• data seem to prefer fairly forward-peaked distribution (⟨z⟩ ≃ 0.88 for best-fit function) • large z behavior ≃ (1 − z)^2 • small effect of O(m/E) terms • in general: increasing order in PT makes nonperturbative more like δ(1 − z) • it is not clear that results SLD and LEP experiments for Bfragmentation can be compared (different f(B^{∗∗}) fractions e.g.)

Other issues

HQET approaches to NP FF

Jaffe, Randall ’94 showed that a NP FF may be “derived” by systematic expansion of ⟨ heavy quark | heavy hadron + X⟩ in the heavy quark recoil momentum (≃ 1/m expansion)

DJR(z) = 1 κ a(y) + b(y) + . . .

with κ = Λ̄ m , y = 1 κ ( 1 z − (1 − κ) )

Keep only leading a term.

Braaten, Cheung, Fleming, Yuan ’95 studied this more closely for specific hadron species.

Instead of just a(y)/κ they find for the leading term

DBCF Y = â(y)/κ + b̂(y), b̂(y) = (1 − y)â (2)

Harris and Bodwin resolved this apparent discrepancy by noticing that the two FF’s differ by an overall factor of z (from using different but fully consistent definitions for D), so that

zDJR = z a(y) κ = . . . = â(y)/κ + (1 − y)â (3)