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| W-mass anomaly '
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W-mass anomaly 70
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' W-pair production '

- I
W+
v/ Z ® Direct measurement of the W-mass
- ® Direct measurement of triple gauge
boson couplings (TGCs)
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| Lepton colliders '
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Lepton colliders
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Lepton colliders
—— ;’ WW HZ
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‘NLO EW cross section \ [0709.1075]

Vs [GeV] | o™ [pb] | o™ [pb]  SNVO [

161 4411 | 2.556+0.002  -42.1
165 11.761 | 8553 +£0.006  -27.3

170 15.465 | 12.264+0.010  -20.7
200 19.354 | 17.796 +0.017  -8.1
250 16.406 | 16.033+0.023  -2.3
300 13.473 | 13.543 & 0.026 0.5
500 7.142 | 7.449 4+ 0.019 4.3
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Consider the following process
e” (p1,—0)+e (p2,0) = W7 (p3, A\s) + W™ (ps, A\-)
The differential cross sections

do B 1
dQ  64n2s4

Y M (st o, A A

0',)\_|_,)\_
Expand the amplitude
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LO Feynman diagrams

Both left-handed and right-
handed electrons contribute

Triple gauge boson couplings
(TGCs)

— Only left-handed electrons \
W+

contribute ?-

R W ® Proportional to velocity / of W ;,

] and dominates at threshold region
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‘ NLO EW corrections

(a) real corrections

+ +

(b) virtual corrections
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| NLO EW corrections

[On-shell renormalization } {Dipole subtraction scheme}

AN S i e A et AR e WAL AANVRIANA S

Il

UV-finite IR-finite

dJEW — dO_virt + dO_real + dO-h.o.ISR
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| Mixed QCD-EW corrections \

AN PO A A PSR

[O(aas) corrections to the amplitude ]
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Mixed QCD-EW corrections \

AR PO A SO

[O(aas) corrections to the amplitude:]
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Workflow of calculation
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triangle with one  triangle with two
massive flavor massive flavor

Status \/ \/ \/ ><

) 1

Complicated MIs with
multiple scales

Master integrals Self-energies massless triangle

/2
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| Notations l
W+

The two-loop triangle diagrams for

V/Z
V*(p3 +pa) = W (p3) + W™ (pa), my,

A

The two-loop Feynman integrals [d 4 26]
I(Ozl, cees 047) = /DdlldeQ

Do D27
Propagators

2 2
Dy=1i—-m}, Dy=0L-m Dy=(lj—ps) —my, Dy=(L-p;) —m

Ds = (11 —P3 _p4)2_mt2, Dg = (lz—P3—P4)2—mt2’ D; = (11 —12)2 :
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‘ Canonical basis l AEK 48< 48< ‘OQ 4@@ ‘OQ
s in this family: %wmm% £<

ot oo X X0 e
1[1304 1806] >@ %_ 4_ %_ %_ %_

dI(T, €) idA(f)I(f, €) 4 %— %— %_ %_ <_
[6 factored out] {: %F:
INXEAIAEE EW corrections to W-pair production at electron-positron colliders  2022.11.25 21
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| General solutions \

Path-order iterated integral:

\

I(Z,e) = Pexp {e/ dA > T (X, e)< | [Boundary]
Y

/

Order by order
10)(z n =0,
I(n)(f) _ ( 0) y
1" (%) + [ dA@EI™ V(@)  n>0.
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Rationalization |

Three square roots

M o= s(s —4m?), A2 =/s(s —4m3,).

_ 2 2 2)2 2,02
Ag—\/(mw—mt—mb) —4mi;m; .

Change of variables

s 1-2? mfy  (1-2)% mg:<1+ y )(1 (1—;1;)2,2)

z+1 ay(z + 1)

Rationalized simultaneously

m; z Comi z(l+z2) T omi ay(l+)

A (=)0 +2) A (1-2)(1-2) ﬁ_(l—x)2z—|—ajy2.
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| Symbol letters |
_lc
Dlog-form: //V [

dI(Z,¢) = edA(D)L(Z,€), dA(Z) =) Mdlogn;

Letters: \A

onstant matrix)

e =Y [symbol Ietter]
N3 = 2, my=1—x

ns =14, g =1+

nr=1-—z, ng =142

Mg =T+ %, Mo =Y+ 2

mi1 =1+ xz, me=1—x+y

ms = —1+x + xy, ma=1+y+=z

s =Y + 2 — X2, Me =LY + Tz — %2

mr =zy — (1 — 55)2» ms =2y — (1 — 5’3)22'
Mg = Ty® + (1— JJ)ZZ, Noo = xy(1+2) — (1 — :1:)22
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| Multiple polylogarithms

a A
dA(Z) =) Mdlogn;  1M(z) = I (7)) + / dA(Z)I" = (7)

// 8l
rational

Generalized polylogarithms

\. J

1

Z
G(al,...,an;z):/ G(ag,...,an;t)dt,
0 t—a1
with

Z 1 log™
G(ay;z) :/ = dt a1 #0, G(0,...,0;2) = 05 '(Z)
0 al \,—/ .
n times

Goncharov, 98, 01
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| Boundary

o¢* Known MIs from published paper

¥ Regularity of Mls at some kinematic limits

o¢* Direct evaluation Mls at some special point
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‘ NNLO results |

20
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NNLO results

Vs (GeV)  o@(pb)  §0! (%) oW (pb) dol)(%) ole)(pb)
161 276674 -27.46209 2.00694  0.93373  2.03277
240  15.96118 -3.48032 15.4057 091243  15.5513
250  15.34263 -2.73091 14.9236 091221  15.0636
500  6.68469 419535  6.9651 091320  7.0262

1000 2.49752 8.14203  2.70086 0.92485 2.72396
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‘ NNLO angle distribution |
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od» W-pair production are important for W-mass measurements

od» Complete computations of the NNLO QCD-EW corrections

¢ Analytical calculations of the MIs with Canonical DEs

o¢» Complete computations of the NNLO EW corrections
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