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Introduction

Precision NLC physics (<1%) to disentangle new
physics.

At 1 Loop, EW DL’s 10-20 %, at 2 Loops few
%. Subleading could be significant too.

-— Need a complete leading & subl. log analysis
through 2 Loops!

In addition:

Theoretical understanding of IR-structure of bro-

ken gauge theories.




Subleading Corrections in Non-Abelian theories

Logarithms at fixed angle, s ~ |t| ~ |ul| > 32 > m?
Double Logarithms from IR evolution equation
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Non-Abelian Gribov Theorem (k| > Ic?L > ul):
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on the rhs is to be taken on the mass shell, but
with the substituted infrared cutoff: u? — k2.

The IR-evolution equation is gauge invariant
(k#. k¥ terms give vanishing contribution oo to
conservation of total color charge 3, T* =0).
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For 7 =1 we have o o
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(Cyis thee -g.; val. of the Casimir operator T‘f‘*(l)’]”(l)
(C; = C4 for gauge bosons in the adjoint repi
sentation oOf SU(N) nd C; = Cp for fermions in
the fundamental representation).

The differential form is thus:
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W, is the probability to emit a soft and almost
collinear gauge boson from the particle [, subject
to the IR cut-off p on the transverse momentum.~




o logarithmic accuracy, we obtain:

W .
OWy(s, N}, °) — 7 ¢ilog
Dlog(u?) 8m= ?

The initial condition is given by:

MGJJ'I 5oy Py b‘)! - MEOI’H (p]. 7oy P’n_)
The solution is thus given by the product of the
Bom amplitude and the Sudakov form factors:

M(py, s pr; p?) = Mporn(P1s - Pn)
X exp (-— - Z Wis, p )]
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— exactly analogous Sudakov exponentiation for
the gauge group SU(N) to the Abelian case.

In massless case, no subleading soft 10g.:
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— Subleading log.: Collinear or RG
— Use virtual contr. to A.P. splitting functions:

Pg 4 describes probability of B inside A with frac-
tion z of energy of A with probability Pg4:
Qg
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Calculate virtual contributions:
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where ﬁQCD C4 37P1ﬂf with Cy = 3, TF-—%,

Universality Ieads to general scattering amplitude:
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with ng 4+ ng = n, and
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Solution solves generalized IR evolution (or RG)
equation with IR singular anomalous dimensions:
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Subleading Ew Sudakov Logarithms

Consider massive(M) boson at rest: k¥ = (M,0,0,0)
Polarization vector is lin.comb. of:

eq =(0,1,0,0) , €1 =(0,0,1,0) , e3=(0,0,0,1)
Boost along 3-axis, pol. vect. still satisfy:
e kY = : el = -1
—3 2 transverse (e, en) and 1 longitudinal:
ey (k) = (k/M,0,0,E /M) = k¥ /M + O(M/ Ey)

Transverse d.o.f. correspond to massless theory!
Use massless virtual QCD results at high energies:
Additional complications: mixing & broken sym.
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Strategy:

Calculate in terms of massless fields for u = M
(where My ~ My, ~ Myiggs ~ M)

Then solve IR evolution equation:
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Soluytion:
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In region p < M masses cannot be neglected.

But: Only QED contributes!

Above solution is matching condition at p = M.
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Only corrections to external wT factorize with
respect to the physical amplitude!




The general solution is thus:
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For external Z and v we have mixing!



In addition we have top-yukawa corrections for &,
t, and tp external lines!

Resummation to all orders by using the Gribov
theorem possible, since coupling inside the inner
loop gives only sub-sub-leading corrections:
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and for right handed ¢ at 1 loop:
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_y subleading probability for fermions:
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v semi-inclusively: Assume pezp = A

L. -
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l.ongitudinal degrees of freedom
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Cz, Cw depend on wave-function renormalization
constants and mass counterterms. -— Use on-

Shelll scheme: Universal Iogﬂ—;g from vertex cor-
rections

EfF éc:tive theory: ~ scalar QCD
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In EW-theory, also top-Yukawa corrections:
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Again we can use the non-Abelian Gribov-theoren
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and thus for the full EW-corrections:
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ThuS, also subleading Sudakov logarithms expo-
nentiate for longitudinal degrees of freedom:

‘ ) h N\
dCTI (p”| sy Py i, fj’ ‘u'(‘-.::l.‘p) — quBOrn(pla v ooy P g("’)a g,(S)
T d) g oW 5

R R ¥ ¥4 - _ oW ‘
X exp 2: W, (1\12) exp Z: (u:, (s, 17)
i—1 =1
;w%/V (s, ]\”Iz))] exp(“—’gxp(sﬁ Ny, s Mcfu:p))

1

,,
In all cases we neglect log H{T termes.

Corrections are the same for ¢, ¢ and H.




Comparison with explicit results:

Agreement with Denner & Pozzorini at one loop
for generic EW 1 loop logarithmic corrections
(transverse and longitudinal NLO)

Agreement with Beenakker et al. at one loop for
et e” — WT W

transverse and longitudinal NLO

Agreement with explicit two loop DL-calculation
g—f+ f

Melles, Beenakker et al., Hori et al.

Agreement with Kihn et al. to all orders for
et e” — fl'" f, (universal terms)
But Yukawa corrections missing!

Disagreement with Ciafaloni/Comelli at DL for
7' —s fT £~ (2 loop level)




Conclusions

NLO Sudakov logarithms in broken gauge theories
are calculated to all orders using fields of the ef-
fective high energy theory and the gauge invariant
IR evolution equation method.

They factorize and exponentiate (with reasonable
experimental cuts, mixing).

log == M;, Iog— should be calculated at least at one
loop.

‘Agreement at one loop up to NLO |, to two loops
for DL with calculation using physical fields!

The method is universal for all processes at a fu—
ture collider (NLC, LHC).




