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e Higher order QED corrections to Single W

— The issue has been addressed by two groups
* SWAP: c. Montagna, M. Moretti, O. Nicrosini, A. Pallavicini and F. Piccinini

% GRACE: v. Kurihara, M. Kuroda and Y. Shimizu

— Main problem: determination of the proper scale in the elec-
tron structure function/parton shower and the related theoret-
ical uncertainty

e 4f plus a visible photon

— Tuned comparison among several programs to fix the technical
precision

— Study of the ISR QED corrections and their theoretical uncer-
tainty

— Investigation of finite fermion mass effects in realistic event
selections

— Theoretical uncertainty coming from variations in the renor-
malization scheme



Higher order QED corrections to Single W
production

In the Leading Log approximation, the factorization theorems allow
to write the QED corrected cross section of a generic process as a
convolution of the form

do = H/d.ﬂ?zD(AZQ,ZC@) dO'()

The choice of the scales A; is not dictated by general arguments.

A generally adopted attitude is given by the comparison of the O(«)
expansion of the above convolution with a diagrammatic calculation
which reproduces the correct LL contribution
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Tipical simple examples are efe™ — ff, with f # e and Bhabha
scattering, for which an exact O(a) perturbative calculation exist. In
the first case A_ = A, = s. Considering the radiation emitted from
the incoming and outgoing electron in the ¢-channel contribution to
Bhabha scattering the right scale turns out to be A_ = |t|. For the
full Bhabha, where s, ¢ and their interference are present at the same
time the proper scales are given by the combination A_ = A, = st/u.

M. Greco and O. Nicrosini, Phys. Lett. B240 (1990) 219.



In the case of single-W production, the exact O(«a) perturbative cal-
culation is still lacking, so a general strategy for the evaluation of the
scales A is needed.

The leading (double-log) contribution to photon radiation traces back
to soft and collinear photon bremsstrahlung and its virtual counter-
part, and, in the case of a calorimetric measurement of the energy
of the final-state (FS) particles, to hard radiation collinear to the FS
particles themselves
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Notice that in the limit s;; < m?, m?
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Summing up the contribution of hard collinear photons to final-state
charged particles, we get
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The comparison between the last equation and the O(«) expansion of
the SF QED corrected cross section allow to fix the scales A;.

If a calorimetric measurement of the energies of the F'S particles is per-
formed, only the IS legs need be corrected by the SF’s. Furthermore,
since the electron is scattered in the very forward region, the interfer-
ence between the electron line and the rest of the process is very small.
This allows a natural sharing of the logarithms coming from the previ-
ous equation between the two SF’s associated to the colliding electron
and positron, whose scales read
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Naive ansatz: by thinking of the process in terms of the Weizsacker-
Williams approximation, z.e. in terms of a convolution of the process
ety — v, W* with an equivalent photon spectrum plus a real electron
line, leads to assign two different scales to the single-WW process: one
scale for the electron current and one for the positron current. The
former scale is the proper one for a t-channel process, so it is simply
|q§*| The latter is the sum of an s-channel electron exchange and a
t-channel W exchange. Assuming the ¢-channel dominance, its natural
cut-off is given by the W-boson mass, My

N e = 1]y A2 e = M 1)
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The effects of LL. QED corrections to the cross section of the single-W process e*e™ — e~ vud
for different choices of the energy scale in the electron/positron SF’s. The quark angular
acceptance 0° < ¢, ;7 < 180° is considered. Left: absolute cross values as functions of the
c.m. energy. Right: relative difference between the QED corrected cross sections and the Born
one, still as functions of the c.m. energy. The marker e represents the Born cross section, O
represents the correction given by A2 = s for both SF’s, ¢ the correction given by the scales
A2 = \qg for both SF’s, the correction given by the naive scales, A the correction given by
the refined scales. The entries correspond to /s = 183, 189, 200 GeV.
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The same as above for the quark angular acceptance | cosf, ;| < 0.95.
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The differential cross sections of the single-W process ete™ — e~ pud with
respect to the two calculated scales Ay at /s = 189 GeV.

The agreement between the predictions obtained by the naive scales
and the calculated ones can be understood by looking at the above
differential distributions with respect to the scales AL

As a last remark, it should be noted that since the finite electron
mass effects are crucial in the calculation of the single-W cross section,
particular care has to be devoted to the kinematics after ISR: a good
working procedure is to put electron and positron on their mass-shell
after ISR. Otherwise they go off mass-shell and this implies a viola-
tion of the U(1) Ward Identity at the level of several % (c. passarino,

hep-ph /9810416) .



4f plus a visible photon

Physics motivations:

e it is the only process measurable at LEP2 which involves quartic
gauge couplings

e it allows the production of three gauge bosons (W Wy, ZZ~, Z~~)

e it is an important building block of the radiative corrections to 4 f
production



The process has been extensively studied within the LEP2 MC Work-
shop held at CERN

Available generators:

e CompHEP

E. Boos, M. Dubinin and V. Ilyn

e GRACE

Y. Kurihara, M. Kuroda and Y. Shimizu

e NEXTCALIBUR

F.A. Berends, C. Papadopoulos and R. Pittau

e PHEGAS/HELAC

C. Papadopoulos

e RacoonWW

A. Denner, S. Dittmaier, M. Roth and D. Wackeroth

e WRAP

G. Montagna, M. Moretti, O Nicrosini, M. Osmo and F. Piccinini



A detailed tuned comparison on cross-sections and distributions has
been performed by RacoonWW, WRAP and PHEGAS/HELAC

Processes considered
® LV, U d Yy
e voud Y
+

® Uy T Uy

Observables studied at /s = 200 GeV

e integrated cross-sections;

e E, distribution, do/dE [tb/GeV];

e cosf,, do/dcos#., [fb];

e angle 6, between photon and the nearest charged final-state fermion, do/df.; [fb];
e M,;, M.+, invariant mass, do/dM [fb/GeV];

© Moy, M,~5,, M, invariant masses, do/dM [fb/GeV];

Applied cuts

e common to all processes: E, > 1GeV, |cosf(vy, beam)| < 0.985, §(v,f) > 5°, f = charged
fermion.

e for uduv, and udev,: M(ud) > 10 GeV

® M-, for the process e” v, 77 v v, do/dM [fb/GeV];
| cos (1, beam)| < 0.985 E; > 5 GeV, where | is a charged lepton,

e for 7v; v, and Tvrev,: |cosf(l, beam)| < 0.985, Ey > 5GeV, M(I117) > 10 GeV,

e for udcs: at least two pairs with A (g;q;) > 10 GeV.

Resut: good technical agreement at the 0.1% level



dcr/dcosa7 [fb]

Process WRAP RacoonWW | PHEGAS/HELAC
udp~v, | 75.732(22) | 75.647(44) | 76.200(350)
ude™ v, | 78.249(43) | 78.224(47) | 78.140(423)
vttt b | 28.263(9) | 28.266(17) | 28.359(111)
vuute v, | 29.304(19) | 29.276(17) | 29.185(154)
udse 199.63(10) | 199.60(11) |  200.48(81)

Comparison between WRAP, RacoonWW and PHEGAS/HELAC for a sample of total
cross-sections (fb)

80 171 T

] RACOONWW

] WRAP ] WRAP
[ ] PHEGAS [ ] PHEGAS
60 - 60 -
eV UV, Y My, TUY
E,,, = 200 GeV E,,, = 200 GeV

»
o

20

80

dcr/dcosa7 [fb]

] RACOONWW

cos 0., distribution for the processes v,u*e” vy and v,u* 1" v,y



do/dcosd, [fb]

400

W
=3
5}

N
o
5]

100

‘ ———
] RACOONWW
] WRAP
] PHEGAS

udcsy
E¢m = 200 GeV

200 T T T T
[ ] RACOONWW
] WRAP
] PHEGAS
160
udev,y
E E., =200 GeV
~
b
2 100
o
¥
©
50 -

cos 0, distribution for the processes udséy and ude™ 7,y

BOJ

60 -

do/dcosé,, [fb]
3
T

—— ‘
] RACOONWW
] WRAP

u d,u,u“'y
E., =200 GeV

-1 -08 -

-0.2 4]
cosa.’

0.2 0.4 0.6 0.8 1

cos 0., distribution for the process udu~ 7,7y




do/dE,, [fb/GeV]

3

)

do/dE,, [fb/GeV]
3,

£ T T 7 10 ¢ T T m|
r [ ] RACOONWW 1 r [ ] RACOONWW ]
F | WRAP , F ] WRAP g
H eV uv, Y 10° H MY, TVY .
H E¢m = 200 GeV = F E., =200 GeV ]
L 8 L il
L = L i
2
L _;. L
w
g L
©
H 10" H
L L L L 10'2 L L L L
0 10 20 30 40 50 0 10 20 30 40
E, [GeV] E, [GeV]

50

distribution for the processes v,u*e v,y and v, pu* 1770y

£ ‘ ‘ 5 10 ¢ ‘ ‘

£ [ ] RACOONWW 1 £ [ ] RACOONWW
F ] WRAP b F ] WRAP

§ 3 10

F udcsy 1 F udev,y

8 E.n = 200 GeV B F E,, = 200 GeV

do/dE,, [fb/GeV]
3,

E, [GeV] E, [GeV]

E, distribution for the processes udséy and ude” D,y

50



70 T

— My, ey, [ RacoonWW

] WRAP

777777 M, TV,
60 - B

——-udcs

- udev,. 1,
s0 L J L E.n = 200 GeV |
u dy.u,‘

40

30

do/dM  [fb/GeV]

75 76 77 78 79 80 81 82 83 84
Bare Mass [GeV]

Bare W~ and W™ mass distributions

do/dM  [fb/GeV]

70

60

50

[ RacoonWW
] WRAP
] PHEGAS

E,n = 200 GeV |

75 76 77 78 79 80 81 82 83 B84 85
Bare Mass [GeV]

08 -

04 -

02 -

] RACOONWW
] WRAP

eV LY, Y i
m = 200 GeV

E

60

120 140 180 180

6(~, chargedfermion) distribution in the process evep v,y



:, Wt |
| Z*+*++++*+*H++Hﬁﬁ%ﬁﬁﬁﬁ#ﬁjﬁﬁﬂ JW w ﬁw*f : m*+++++++++f++++++m*+++*ﬂ++++**+*+:+m+ﬁ*H*W\H\HmmmwmHm

The ratio WRAP/RacoonWW for the cosf, distribution in the process vupte vy and for the E,
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The ratio WRAP/RacoonW W for the 0(~, chargedfermion) distribution in the process evep™ 7,y
and for Bare W~ mass distribution in the process udscy



Fermionic masses

The tuned comparisons have been performed by adopting the massless
approximation for the outgoing fermions. However, fermionic mass
terms can become important, due to the collinear “singularities” asso-
ciated with photons emitted from the external legs, i.e. fermion mass
effects are expected to be relevant for small angular separation cuts
photon-charged fermions.

Moreover, a final state muon can be distinguished from a collinear
photon. In this case the separation cut can be even 0°.

Uy—q (deg) | 9,_, (deg) | Cross Section (fb) 5 (%)

5° 1.0° 90.157 £ 0.036 1.92 +£0.08
91.903 £ 0.035

5° 0.1° 104.777 £ 0.046 9.31 £0.09
115.004 £ 0.044

5° 0.0° 105.438 £ 0.045

Comparison between massive and massless Born cross sections for the
process (1~ 7,c5y at y/s = 200 GeV, as obtanied by means of WRAP.
0,—r, with f = ¢, p is the minimum separation angle between the
photon and final state charged fermions. In the third column, the first
result refers to the massive case, and the second one to the massless
case. Relative difference is shown in the last column.



Initial State Radiation

The phenomenologically relevant Leading Log QED corrections due to
ISR can be implemented via the Structure Functions formalism

Ugggz /dxldx?D<x175)D<$2,S)@(cuts)do4f“7

o (fb)
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The effect of ISR, simulated by collinear SF, on the integrated cross
section of the CC10 final state p~ v, u d « as a function of the
LEP2 cm. energy. The Born cross-section for the CC20 final state
e~ U, u d v is also shown. Numerical results by means of WRAP.



Due to the presence of an observed photon in the final state, the treat-
ment of ISR in terms of collinear SF’s can be inadequate because af-
fected by double counting between the pre-emission photons (described
by the SF) and the observed one (described by the hard-scattering ma-
trix element). By keeping under control also the transverse degrees of
freedom of ISR, as allowed by p;~dependent SF, it is possible to remove
the double-counting effects.

G. Montagna, O. Nicrosini and F. P., Comp. Phys. Commun. 98 (1996) 206

G. Montagna, M. Moretti, O. Nicrosini and F. P., Nucl. Phys. B541 (1999) 31

Uégfgg = /dsvld:vgdcg”dc@ D(xl,cgyl);S>D<$2,C(72);S)@(CUtS)dOAHM

An equivalent photon is generated for each colliding lepton and ac-
cepted as a higher-order ISR contribution if:

e the energy of the equivalent photon is below the threshold for the
observed photon Efy”m, for arbitrary angles; or

e the angle of the equivalent photon is outside the angular acceptance
for the observed photons, for arbitrary energies.
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Theoretical uncertainty coming from the
renormalization scheme

By using WRAP two different renormalization schemes have been im-
plemented in order to estimate their theoretical uncertainty, with the
process e"e” — udp v,y and cuts used in the tuned comparisons.
The following two schemes have been adopted:

M? 442 GpM?3,s? o
Z W
2M
1) 5w = \W/g(G ]\3/2)’ 92:4\/§GFMV2V, with oz(QMVZV):128.O7
F iy

/s [GeV] | cross section [fb] )

200 (I) | 75.750(29) fb
200 (IT) | 75.887(29) b | 0.18%

189 (I) | 71.889(25) fb
189 (II) | 71.997(25) fb | 0.15%

183 (I) | 67.238(22) fb
183 (II) | 67.324(22) fb | 0.13%




Conclusions

e Higher order QED corrections to Single W

— The issue has been studied independently by two groups (SWAP
and GRACE) with similar results

— A general procedure relying on the soft and collinear approxi-
mation of the radiative process has been investigated to deter-
mine the proper scales in the IS QED structure functions

— By simply fixing both scales to s or ¢ would imply a theoretical
error of the order of 4%

e 4f plus a visible photon

— Tuned comparison among several programs fix the technical
precision at the 0.1% level or better

— ISR QED corrections are sizable and require particular care,
due to the presence of a detected photon in the final state.
The use of QED collinear structure functions can determine a
theoretical uncertainty of several % for realistic event selections

— Finite fermion mass effects are important for small separation
angle between photons and charged final state particles. This
effect is enhanced in the case of a final state muon, where the
separation angle can become 0°

— The theoretical uncertainty coming from variations in the renor-
malization scheme is small compared to the previous effects, i.e.
at the 0.1% level



