THEORETICAL ASPECTS OF HERA PHYSICS

STEFANO FORTE I.N.F.N. ROMA III

QCD@WORK MARTINA FRANCA, JUNE 17 2001

FIXED–ORDER PERTURBATIVE QCD IS EXTREMELY SUCCESSFUL

IN DESCRIBING HERA DATA:

SCALING VIOLATIONS OF STRUCTURE FUNCTIONS

H1 ZEUS

. . . INDEPENDENT OF DETAILS OF PARTON

DISTRIBUTIONS:

DOUBLE ASYMPTOTIC SCALING ln F2 predicted in NLO QCD to rise linearly as a function of the scaling variable σ, indep. of value of scaling variable ρ, up to universal rescaling factor RF

SCALING VARIABLES σ = √ ln^{αs(Q20)} αs(Q2) ln x0 x ρ = √ ln^{αs(Q20)} αs(Q2) / ln x0 x RESCALING FACTOR R_F = ρ √ σ exp (δσ/ρ) δ = (11 + 2n_f /27)/(11 − 2n_f /3) SLOPE 2γ = 12/ √_{33 − 2nf}

H1 94-97 DATA, 10^{−5} ≤ x ≤ 10^{−1}, 1 < Q^2 < 1500 GeV^2; ρ ≥ 1, σ ≥ 1, Q^2 ≥ (1.8 GeV)^2; x_0 = 0.1, Q_0 = 1 GeV

. . . INDEPENDENT OF DETAILS OF PARTON

DISTRIBUTIONS:

DOUBLE ASYMPTOTIC SCALING ln F2 predicted in NLO QCD to rise linearly as a function of the scaling variable σ, indep. of value of scaling variable ρ, up to universal rescaling factor RF

SCALING VARIABLES σ = √ ln^{αs(Q20)} αs(Q2) ln x0 x ρ = √ ln^{αs(Q20)} αs(Q2) / ln x0 x RESCALING FACTOR R_F = ρ √ σ exp (δσ/ρ) δ = (11 + 2n_f /27)/(11 − 2n_f /3) SLOPE 2γ = 12/ √_{33 − 2nf}

H1 94-97 DATA, 10^{−5} ≤ x ≤ 10^{−1}, 1 < Q^2 < 1500 GeV^2; ρ ≥ 1, σ ≥ 1, Q^2 ≥ (1.8 GeV)^2; x_0 = 0.1, Q_0 = 1 GeV

. . . INDEPENDENT OF DETAILS OF PARTON

DISTRIBUTIONS:

DOUBLE ASYMPTOTIC SCALING ln F2 predicted in NLO QCD to rise linearly as a function of the scaling variable σ, indep. of value of scaling variable ρ, up to universal rescaling factor RF

SCALING VARIABLES σ = √ ln^{αs(Q20)} αs(Q2) ln x0 x ρ = √ ln^{αs(Q20)} αs(Q2) / ln x0 x RESCALING FACTOR R_F = ρ √ σ exp (δσ/ρ) δ = (11 + 2n_f /27)/(11 − 2n_f /3) SLOPE 2γ = 12/ √_{33 − 2nf}

H1 94-97 DATA, 10^{−5} ≤ x ≤ 10^{−1}, 1 < Q^2 < 1500 GeV^2;

ρ ≥ 1, σ ≥ 1, Q^2 ≥ (1.8 GeV)^2; x_0 = 0.1, Q_0 = 1 GeV

THE AGREEMENT IS EQUALLY GOOD FOR LESS

INCLUSIVE OBSERVABLES:

DIJET CROSS SECTIONS (H1)

x ∼ ξ

PROBED DOWN TO x ∼ 10−2 ÷ 10−3

PHOTOPRODUCTION OF ISOLATED

PHOTONS (ZEUS)

x ∼ p_T / √ s; √ s = 300 GeV

A PROBLEM. . .

LARGE ln 1/x ⇒ EXPECT LARGE CORRECTIONS AT SMALL x

SCALING VIOLATIONS d dt G(N, Q^2) = γ_N G(N, Q^2)

t ≡ ln Q^2/Λ^2; G(N, Q^2) ≡

∫_1

0 x^{N−1}G(x, Q^2) γ_N ∼ ∑_∞ k=1 c_k (_{αs} N )_k ⇔ P (x) ∼^1_x ∑_∞ k=0 c_{k+1} k! ( α_s ln^1_x )_k

SERIES FOR SPLITTING FUNCTION CONVERGES FOR ALL x > 0

BUT NEED ∼ 2.7 12 ln 22π αs ln 1x TERMS:

@HERA NEED 2 ÷ 10 TERMS!

MORE PROBLEMS

c_k = c^{(0)}_k +α_sc^{(1)}_k ↓ ↓ BFKL FADIN-LIPATOV

NL SMALL x CORRECTION GROWS

LINEARLY WITH PERT. ORDER:

lim_{k→∞} c^{(1)}_k /c_k = −Ck; C ∼ 6 ÷ 16 according to factn. scheme @HERA, (α_s×NLO)/LO∼ −1.5 ÷ 15 !

A PROBLEM. . .

LARGE ln 1/x ⇒ EXPECT LARGE CORRECTIONS AT SMALL x

SCALING VIOLATIONS d dt G(N, Q^2) = γ_N G(N, Q^2)

t ≡ ln Q^2/Λ^2; G(N, Q^2) ≡

∫_1

0 x^{N−1}G(x, Q^2) γ_N ∼ ∑_∞ k=1 c_k (_{αs} N )_k ⇔ P (x) ∼^1_x ∑_∞ k=0 c_{k+1} k! ( α_s ln^1_x )_k

SERIES FOR SPLITTING FUNCTION CONVERGES FOR ALL x > 0

BUT NEED ∼ 2.7 12 ln 22π αs ln 1x TERMS:

@HERA NEED 2 ÷ 10 TERMS!

MORE PROBLEMS

c_k = c^{(0)}_k +α_sc^{(1)}_k ↓ ↓ BFKL FADIN-LIPATOV

NL SMALL x CORRECTION GROWS

LINEARLY WITH PERT. ORDER:

lim_{k→∞} c^{(1)}_k /c_k = −Ck; C ∼ 6 ÷ 16 according to factn. scheme @HERA, (α_s×NLO)/LO∼ −1.5 ÷ 15 !

BFKL?

SHOULD WE DESCRIBE PERTURBATIVE EVOLUTION AT SMALL x THROUGH A

DIFFERENT EVOLUTION EQUATION, WHICH RESUMS LEADING LOGS OF s ∼ Q^2x ?

EVOLUTION IN ξ ≡^1_x : d dξ G(ξ, M) = χ(M, α_s) G(ξ, M), ξ ≡ ln^1_x , G(ξ, M) ≡ ∫_∞ −∞dt e^{−Mt} G(ξ, t), “Consistency of the BFKL approach with the more established DGLAP evolution equations remains an outstanding theoretical problem” L. MCLERRAN, APRIL 2001 “Consistency of ‘Altarelli-Parisi’ and ‘BFKL’ evolution and the respective factorizations are established at leading twist. They are related by a set of perturbative duality relations.” ALTARELLI, BALL,

S.F, 1999-2001 ⇒ THIS TALK SEE ALSO WORK BY CIAFALONI, SALAM AND COLLABORATORS

BFKL?

SHOULD WE DESCRIBE PERTURBATIVE EVOLUTION AT SMALL x THROUGH A

DIFFERENT EVOLUTION EQUATION, WHICH RESUMS LEADING LOGS OF s ∼ Q^2x ?

EVOLUTION IN ξ ≡^1_x : d dξ G(ξ, M) = χ(M, α_s) G(ξ, M), ξ ≡ ln^1_x , G(ξ, M) ≡ ∫_∞ −∞dt e^{−Mt} G(ξ, t), “Consistency of the BFKL approach with the more established DGLAP evolution equations remains an outstanding theoretical problem” L. MCLERRAN, APRIL 2001 “Consistency of ‘Altarelli-Parisi’ and ‘BFKL’ evolution and the respective factorizations are established at leading twist. They are related by a set of perturbative duality relations.” ALTARELLI, BALL,

S.F, 1999-2001 ⇒ THIS TALK SEE ALSO WORK BY CIAFALONI, SALAM AND COLLABORATORS

BFKL?

SHOULD WE DESCRIBE PERTURBATIVE EVOLUTION AT SMALL x THROUGH A

DIFFERENT EVOLUTION EQUATION, WHICH RESUMS LEADING LOGS OF s ∼ Q^2x ?

EVOLUTION IN ξ ≡^1_x : d dξ G(ξ, M) = χ(M, α_s) G(ξ, M), ξ ≡ ln^1_x , G(ξ, M) ≡ ∫_∞ −∞dt e^{−Mt} G(ξ, t), “Consistency of the BFKL approach with the more established DGLAP evolution equations remains an outstanding theoretical problem” L. MCLERRAN, APRIL 2001 “Consistency of ‘Altarelli-Parisi’ and ‘BFKL’ evolution and the respective factorizations are established at leading twist. They are related by a set of perturbative duality relations.” ALTARELLI, BALL,

S.F, 1999-2001 ⇒ THIS TALK SEE ALSO WORK BY CIAFALONI, SALAM AND COLLABORATORS

DUALITY

THE ALTARELLI-PARISI EQN IS AN INTEGRO–DIFFERENTIAL EQUATION ⇒ IT CAN

BE EQUIVALENTLY VIEWED AS Q2–EVOLUTION EQUATION FOR x–MOMENTS, OR

x–EVOLUTION EQUATION FOR Q^2–MOMENTS

EVOLUTION IN t = ln Q^2 d dt G(N, t) = γ(N, α_s) G(N, t) MELLIN x–MOMENTS G(N, t) = ∫_∞ 0 dξ e^{−Nξ} G(ξ, t)

EVOLUTION IN ξ = ln 1/x d dξ G(ξ, M) = χ(M, α_s) G(ξ, M) MELLIN Q^2–MOMENTS G(ξ, M) = ∫_∞ −∞dt e^{−Mt} G(ξ, t) THE TWO EQUATIONS HAVE THE SAME SOLUTIONS

PROVIDED THE EVOLUTION KERNELS ARE RELATED BY χ(γ(N, α_s), α_s) = N γ(χ(M, α_s), α_s) = M & BOUNDARY CONDITIONS RELATED BY H0[M] → G0(N) = H0[γ(N, αs)] I.E. M → γ(N) IN B.C.

RUNNING COUPLING AND FACTORIZATION

• THE RUNNING OF THE COUPLING α(t) = α_μ2 [1 − β_0α_μ2 t + . . .]

(t ≡ ln^{Q2}_{μ2} ) IS LEADING LOG Q^2, BUT NEXT–TO–LEADING LOG^1_x • UPON M-MELLIN TRANSFORMATION (ln x EVOLUTION) α_s(t) BECOMES AN

OPERATOR:

α_s(M) = α_μ2 [1 + β_0α_μ2 d dM + . . .] ⇒ EVOLUTION EQUATION d dξ G(ξ, M) = {α_μ2 [1 + β0α_μ2^d_{dM} + . . .](χ0(M) + α_μ2 χ1(M)) + . . .}G(ξ, M) IS THIS COMPATIBLE WITH FACTORIZATION?

WHAT ABOUT THE BOUNDARY CONDITION? G0(N) = H0[γ(N, αs)] YES!:

• DUALITY REMAINS VALID, PROVIDED χ IS SUPPLEMENTED BY A ‘RUNNING

COUPLING’ CONTRIBN.: χ^{eff}_0 = χ_0 + α_sβ_0^{χ′′0 χ0}_{χ′02} + . . .;

• MATCHED BOUNDARY CONDITION REMAINS Q^2–INDEPENDENT • RESULTS HOLD PERTURBATIVELY UP TO NNLX (BALL, S.F. 1999) CAN BE

PROVEN TO ALL PERTURBATIVE ORDERS (ALTARELLI, BALL, S.F. 2001)

RUNNING COUPLING AND FACTORIZATION

• THE RUNNING OF THE COUPLING α(t) = α_μ2 [1 − β_0α_μ2 t + . . .]

(t ≡ ln^{Q2}_{μ2} ) IS LEADING LOG Q^2, BUT NEXT–TO–LEADING LOG^1_x • UPON M-MELLIN TRANSFORMATION (ln x EVOLUTION) α_s(t) BECOMES AN

OPERATOR:

α_s(M) = α_μ2 [1 + β_0α_μ2 d dM + . . .] ⇒ EVOLUTION EQUATION d dξ G(ξ, M) = {α_μ2 [1 + β0α_μ2^d_{dM} + . . .](χ0(M) + α_μ2 χ1(M)) + . . .}G(ξ, M) IS THIS COMPATIBLE WITH FACTORIZATION?

WHAT ABOUT THE BOUNDARY CONDITION? G0(N) = H0[γ(N, αs)] YES!:

• DUALITY REMAINS VALID, PROVIDED χ IS SUPPLEMENTED BY A ‘RUNNING

COUPLING’ CONTRIBN.: χ^{eff}_0 = χ_0 + α_sβ_0^{χ′′0 χ0}_{χ′02} + . . .;

• MATCHED BOUNDARY CONDITION REMAINS Q^2–INDEPENDENT • RESULTS HOLD PERTURBATIVELY UP TO NNLX (BALL, S.F. 1999) CAN BE

PROVEN TO ALL PERTURBATIVE ORDERS (ALTARELLI, BALL, S.F. 2001)

THE SAME SOLUTION CAN BE FOUND BY EVOLVING IN t ≡ ln Q^2/μ^2 AN N-DEPENDENT BOUNDARY CONDITION. . .

ln Q^2 EVOLUTION

Altarelli-Parisi LLQ^2 & NLLQ^2 Evolution

d dξ G(M, t) = χ(M, αs) G(M, t)

ln 1/x EVOLUTION

d dt G(N, t) = γ(N, αs) G(N, t)

. . . OR EVOLVING IN ξ ≡ ln 1/x AN M-DEPENDENT BOUNDARY CONDITION

ln 1/x EVOLUTION

d dt G(N, t) = γ(N, αs) G(N, t)

ln Q_2 EVOLUTION

Altarelli-Parisi

LLQ_2 & NLLQ_2 Evolution

d dξ G(M, t) = χ(M, αs) G(M, t)

. . . BUT ONE CAN SWITCH FROM LLQ^2 TO LL1/x

BY CHOICE OF THE EVOLUTION KERNEL

ln 1/x EVOLUTION

BFKL LL1/x Evolution

d dt G(N, t) = γ(N, αs) G(N, t)

ln Q_2 EVOLUTION

Altarelli-Parisi

LLQ_2 & NLLQ_2 Evolution

d dξ G(M, t) = χ(M, αs) G(M, t)

. . . IN EITHER EQUATION!

ln 1/x EVOLUTION

Altarelli-Parisi LLQ^2 & NLLQ^2 Evolution

d dξ G(M, t) = χ(M, αs) G(M, t)

ln Q_2 EVOLUTION

BFKL LL1/x Evolution

d dt G(N, t) = γ(N, αs) G(N, t)

A CLOSER LOOK TO LL1/x EVOLUTION . . .

ln 1/x EVOLUTION

BFKL LL1/x Evolution

d dt G(N, t) = γ(N, αs) G(N, t)

ln Q_2 EVOLUTION

Altarelli-Parisi

LLQ_2 & NLLQ_2 Evolution

d dξ G(M, t) = χ(M, αs) G(M, t)

A CLOSER LOOK TO LL1/x EVOLUTION: . . . NL CORRECTIONS!

ln 1/x EVOLUTION

BFKL LL1/x Evolution

d dt G(N, t) = γ(N, αs) G(N, t)

ln Q_2 EVOLUTION

Altarelli-Parisi

LLQ_2 & NLLQ_2 Evolution

BFKL NLL1/x (Fadin-Lipatov)

d dξ G(M, t) = χ(M, αs) G(M, t) • THE LLQ^2 AND LL1/x KERNELS GREATLY DIFFER FROM EACH OTHER • THE EXPANSION OF THE LL1/x KERNEL LOOKS VERY UNSTABLE

A CLOSER LOOK TO LL1/x EVOLUTION: . . . NL CORRECTIONS!

ln 1/x EVOLUTION

BFKL LL1/x Evolution

d dt G(N, t) = γ(N, αs) G(N, t)

ln Q_2 EVOLUTION

Altarelli-Parisi

LLQ_2 & NLLQ_2 Evolution

BFKL NLL1/x (Fadin-Lipatov)

d dξ G(M, t) = χ(M, αs) G(M, t) • THE LLQ^2 AND LL1/x KERNELS GREATLY DIFFER FROM EACH OTHER • THE EXPANSION OF THE LL1/x KERNEL LOOKS VERY UNSTABLE

DUALITY: A CLOSER LOOK

ln Q^2 EVOLUTION γ(N) = α( c^{(1)}_{−1} N + c^{(1)}_0 + . . .) + α^2( c^{(2)}_{−2} N^2 + c^{(2)}_{−1} N + . . .)

γ_s(N) = c^{(1)}_{−1} α N + c^{(2)}_{−2} α^2 N^2 + . . . 1/N POLES ⇔ ln 1/x γ_0(N)⇐ γ_s(α_s/N) ⇐ ln 1/x EVOLUTION χ(M) = α( c̃^{(1)}_{−1} M +c̃^{(1)}_0 +. . .)+α^2( c̃^{(2)}_{−2} M^2 + c̃^{(2)}_{−1} M +. . .)

χ_s(M) = c̃^{(1)}_{−1} α M + c̃^{(2)}_{−2} α^2 M^2 + . . . 1/M POLES ⇔ ln Q^2 ⇒ χ_s(α_s/M) ⇒ χ_0(M)

THE DOUBLE–LEADING EXPANSION

γ(N, α_s) = [_{αsγ0(N) + γs} (_{αs} N )_{− ncαs} πN ]_⇐ +α_s [_{αsγ1(N) + γss} (_{αs} N )_{− αs} (_{e2} N 2 +^{e1}_N )_{− e0}] + · · ·

⇒χ(M, α_s) = [_{αsχ0(M) + χs} (_{αs} M )_{− ncαs} πM ] +α_s [_{αsχ1(M) + χss} (_{αs} M )_{− αs} (_{f2} M 2 +^{f1}_M )_{− f0}] + · · · DUALITY HOLDS ORDER–BY–ORDER IN THE DOUBLE–LEADING EXPANSION:

the dual of χ^{LO}_{DL} is γ^{LO}_{DL} up to terms of order γ^{NLO}_{DL} , and conversely

DOUBLE–LEADING EVOLUTION

leading & next–to–leading DL kernel

χ(γ) = M/α → χ(0) = 1/α χs ∼^{M→0}_{αs}^{αs+M} =_{αs}^M −_{α2s}^{M 2} +_{α3s}^{M 3} + . . .

MOMENTUM CONSERVATION γ(1) = 0

• THE DL KERNEL HAS A WELL–BEHAVED PERTURBATIVE EXPANSION • DL IS ALMOST EVERYWHERE CLOSE TO THE LLQ^2 RESULT,

CLOSE TO LL1/x ONLY WHEN M ∼ 1/2

DOUBLE–LEADING EVOLUTION

MOMENTUM CONSERVATION γ(1) = 0

leading & next–to–leading

DL kernel

χ(γ) = M → χ(0) = 1 χ(M) ∼_{M→0}^α_{α+M} =^α_M −^{α2}_{M 2} +^{α3}_{M 3} + . . .

DOUBLE–LEADING EVOLUTION

MOMENTUM CONSERVATION γ(1) = 0

leading & next–to–leading

DL kernel

χ(γ) = M → χ(0) = 1 χ(M) ∼_{M→0}^α_{α+M} =^α_M −^{α2}_{M 2} +^{α3}_{M 3} + . . .

DOUBLE–LEADING EVOLUTION

MOMENTUM CONSERVATION γ(1) = 0

leading & next–to–leading

DL kernel

χ(γ) = M → χ(0) = 1 χ(M) ∼_{M→0}^α_{α+M} =^α_M −^{α2}_{M 2} +^{α3}_{M 3} + . . .

RESUMMATION

• THE NLO TERM IN THE DL EXPANSION IS A SMALL CORRECTION TO χ AT FIXED M

FOR ALL M, BUT FOR SMALL N ∼ 0.5 IT IS A LARGE CORRECTION TO γ AT FIXED N

• NAIVE PERTURBATIVE EXPANSION OF γs, γss DUAL TO χ0, χ1 IS UNSTABLE • MUST RESUM ALL–ORDER MINIMUM INTO THE LEADING ORDER:

χ(M) = (χ0(M) + αχ1(1/2) + . . .) ⇐ Resummed LO +α (χ1(M) − αχ1(1/2) + . . .) + . . . • RESUMMATION PARAMETRIZED BY ASYMPTOTIC SMALL x BEHAVIOUR χ^{res}_0 (Mmin) = λ ⇔ F2 ∼_{x→0} x^λ

RESUMMATION

• THE NLO TERM IN THE DL EXPANSION IS A SMALL CORRECTION TO χ AT FIXED M

FOR ALL M, BUT FOR SMALL N ∼ 0.5 IT IS A LARGE CORRECTION TO γ AT FIXED N

• NAIVE PERTURBATIVE EXPANSION OF γs, γss DUAL TO χ0, χ1 IS UNSTABLE • MUST RESUM ALL–ORDER MINIMUM INTO THE LEADING ORDER:

χ(M) = (χ0(M) + αχ1(1/2) + . . .) ⇐ Resummed LO +α (χ1(M) − αχ1(1/2) + . . .) + . . . • RESUMMATION PARAMETRIZED BY ASYMPTOTIC SMALL x BEHAVIOUR χ^{res}_0 (Mmin) = λ ⇔ F2 ∼_{x→0} x^λ

PHENOMENOLOGY

CAN RESUM THE FULL SET OF ANOMALOUS DIMENSIONS AND COEFFICIENT

FUNCTIONS AT NLO IN THE DOUBLE-LEADING EXPANSION

• RESUMMED RESULTS DEPEND ON UNKNOWN ALL-ORDER ASYMPT. SMALL x

BEHAVIOUR, PARAMETRIZED BY λ

• DOES THE PERTURBATIVE N = 0 SING. SURVIVE RESUMMATION?

⇒ FURTHER UNCERTAINTY: S (pole survives) VS. R (pole resummed to cut ) • QUALITY OF THE RESUMMED FIT AS GOOD AS OR BETTER THAN TWO LOOPS • SMALL λ (“SOFT POMERON”) FAVOURED; EXPONENT MUST BE FINE–TUNED IF PERT.

SINGULARITY KILLED BY RESUMMATION (R-RES.)

• SIGNIFICANT IMPACT ON GLUON: “SOFTER” (VALENCELIKE) AT SMALL x, SMALL Q^2

PHENOMENOLOGY

CAN RESUM THE FULL SET OF ANOMALOUS DIMENSIONS AND COEFFICIENT

FUNCTIONS AT NLO IN THE DOUBLE-LEADING EXPANSION

• RESUMMED RESULTS DEPEND ON UNKNOWN ALL-ORDER ASYMPT. SMALL x

BEHAVIOUR, PARAMETRIZED BY λ

• DOES THE PERTURBATIVE N = 0 SING. SURVIVE RESUMMATION?

⇒ FURTHER UNCERTAINTY: S (pole survives) VS. R (pole resummed to cut ) • QUALITY OF THE RESUMMED FIT AS GOOD AS OR BETTER THAN TWO LOOPS • SMALL λ (“SOFT POMERON”) FAVOURED; EXPONENT MUST BE FINE–TUNED IF PERT.

SINGULARITY KILLED BY RESUMMATION (R-RES.)

• SIGNIFICANT IMPACT ON GLUON: “SOFTER” (VALENCELIKE) AT SMALL x, SMALL Q^2

PHENOMENOLOGY

CAN RESUM THE FULL SET OF ANOMALOUS DIMENSIONS AND COEFFICIENT

FUNCTIONS AT NLO IN THE DOUBLE-LEADING EXPANSION

• RESUMMED RESULTS DEPEND ON UNKNOWN ALL-ORDER ASYMPT. SMALL x

BEHAVIOUR, PARAMETRIZED BY λ

• DOES THE PERTURBATIVE N = 0 SING. SURVIVE RESUMMATION?

⇒ FURTHER UNCERTAINTY: S (pole survives) VS. R (pole resummed to cut ) • QUALITY OF THE RESUMMED FIT AS GOOD AS OR BETTER THAN TWO LOOPS • SMALL λ (“SOFT POMERON”) FAVOURED; EXPONENT MUST BE FINE–TUNED IF PERT.

SINGULARITY KILLED BY RESUMMATION (R-RES.)

• SIGNIFICANT IMPACT ON GLUON: “SOFTER” (VALENCELIKE) AT SMALL x, SMALL Q^2

CONCLUSIONS

• THE MATCHING OF ALTARELLI-PARISI AND BFKL EVOLUTION IS NOW

FULLY UNDERSTOOD IN LEADING TWIST, LARGE Q2 FACTORIZATION.

• WHEN ALL AVAILABLE INFO ON PERTURBATIVE EVOLUTION IS COMBINED,

THE SMALL–x INSTABILITIES GO AWAY

• THE REGGE LIMIT IS PERTURBATIVELY STABLE ONLY AFTER AN ALL–ORDER

RESUMMATION, WHICH NECESSARILY DEPENDS ON (AT LEAST) ONE NONPERT. PARAMETER

• RESUMMED RESULTS CAN BE VERY CLOSE TO FIXED–ORDER, BUT GLUON AND α_s SIZEABLY AFFECTED

• THEORY: THE SUCCESS OF NLO PERTURBATION THEORY POSES

STRINGENT CONSTRAINTS ON THE UNKNOWN HIGHER–ORDER STRUCTURE OF ANOMALOUS DIMENSIONS

• PHENOMENOLOGY: RESUMMATION IS CRUCIAL FOR RELIABLE

PHENOMENOLOGY @ SMALL x

CONCLUSIONS

• THE MATCHING OF ALTARELLI-PARISI AND BFKL EVOLUTION IS NOW

FULLY UNDERSTOOD IN LEADING TWIST, LARGE Q2 FACTORIZATION.

• WHEN ALL AVAILABLE INFO ON PERTURBATIVE EVOLUTION IS COMBINED,

THE SMALL–x INSTABILITIES GO AWAY

• THE REGGE LIMIT IS PERTURBATIVELY STABLE ONLY AFTER AN ALL–ORDER

RESUMMATION, WHICH NECESSARILY DEPENDS ON (AT LEAST) ONE NONPERT. PARAMETER

• RESUMMED RESULTS CAN BE VERY CLOSE TO FIXED–ORDER, BUT GLUON AND α_s SIZEABLY AFFECTED

• THEORY: THE SUCCESS OF NLO PERTURBATION THEORY POSES

STRINGENT CONSTRAINTS ON THE UNKNOWN HIGHER–ORDER STRUCTURE OF ANOMALOUS DIMENSIONS

• PHENOMENOLOGY: RESUMMATION IS CRUCIAL FOR RELIABLE

PHENOMENOLOGY @ SMALL x