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e Charge asymmetry in processes like

.y — WELTw
appears due to P nonconservation in the SM.
e Processes like

T (vy— Wrv) — (W pvvv)
(with 7 — pv,vr decay) produce the same observable final state
enhancing total event rate by (17%). We consider such cascade

Processes.

e Taking into account same effects for et e, et =, uT e~ enhance
statistics by 4 times.



Diagrams for vy — LL_I_M_Vpﬁu ('yfy — Tuw/)

19 tree level diagrams:
(1) 3 double-resonant diagrams (DRD),
oar~ (a2 /M3)Br2(W — )
(2) 4 single-resonant diagrams (SRD),

osw ~ (a3 /M3)Br(W — pv) ~ oqa/ Br(W — pv)

(3) 4 single resonant diagrams with v exchange in

t—channel, o, ~ (a3/s) Br(W — uv)
(4) 6 diagrams with radiation of Z boson,

7z~ (a3/8)Br(Z — vv)

(5) 2 multi-peripheral non-resonant diagrams,

(not for vy — Tuvv)
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Numerically:
e (3),(4) and (5) are negligible in com- ; e
parison with DRD (1). Wi y
e SRD (2) contribution itself is about Eb/u/ iy
5% of DRD (1). YW e
e T he interference of SRD with DRD is

4 )
destructive. S ;b<<v
e DRD contribution covers almost en- Y H v K

tire 98.7 % cross section. n



We used CalcHEP for calculations.
For each observed particle:

e Cut in escape angle 0
m— 0 >0 >0y with g = 10 mrad,

e Cut in transverse momentum
DL >pL Wlth pJ_ = 10 GeV.

These simultaneous cuts allow many backgrounds to be eliminated.

The number of generated events — anticipated annual number ~ 10
events.

Monte—Carlo event generator IMITATE experiment =
Statistical uncertainty of MC results is the same (or smaller) as in
future real experiments with the same number of events.




Difference between distributions of positive and
negative muons in T TAy — Whv.
Both photons are left polarized: ~v_~_.

Negative u distribution. Positive p distribution.



For vy — Wi,ui—l—z/’s processes we considered normalized mean values
of longitudinal p|:|F and transverse piF momenta of muons:

+
pt _ fp” do Pt _ pr_dO'
L — 9 T — 9
E’ymaaz [ do Efyma:c [ do

and taken their relative difference as a measure of charge asymmetry:

_ ot +
AL:PLJF—PLJ:r o i PTJr
Pry + Py PT+‘|‘PT+




e Quantities for ~4,v4 and
Y-Y4 Can be obtained with
ut — u~ exchange for Py and
with sign change for Ay.

e Monte Carlo simulations
have statistical uncertainty
oPr, ,0Ar,  similar to experi-
mental.

PJ P A

N N N N

TALTA2 5Py 5Py OA N
0.599 0.170 0.557
Ll 035% | 0.37% | 0.37%

7= + | 0338 0.150 0.386
0.96% | 0.42% | 0.99%
] 0.209 0.556 | -0.454
0.82% | 0.34% | 0.52%
T+ + | 0.159 0.249 | -0.220
0.72% | 0.82% | 2.52%

Charge asymmetry quantities and statisti-

cal uncertainties for vy, v\, — Wuv .

Statistical uncertainty is 5= 10 times larger than 1/v/ N .




DRD approximation: Only DRD diagrams.

e Inaccuracy of DRD approximation in vy — Wuv for P, and Ap, 7
quantities < 5%.

e Inaccuracy for vy — Wrv — Wuvvr contribution in this approxima-
tion <0.17-5% = 0.85% =< statistical uncertainty for 10° events.

We use this approximation to describe vy — Tuv (not vy — puv)



Cascade process

(or W4 p) with missing transverse momentum can appear
via processes

T (yy — Wrv)

followed by 7 — pvyvr.

Total event rate enhancement:
o for . B=Br(r — uvv) =
o for vv — utu~ +1/s: 2B+ B2 ~ 37 %.

Calculation of such processes (6 or more final particles) is a compu-
tationally challenging task. Reasonable approximations provide high
enough accuracy for our purposes.
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In the frame of DRD approximation each 7 is produced from W decay.
In the rest frame of W the 7+ polarisation vector +s/2 is given by
3-momentum of 7 (right or left polarized). In the lab system, where
T momentum is pr we have

¢ — 1 (pl/mT _p_7'>
\/§ (prpv) mr
Distribution of produced u in the lab system is obtained easily by

integration over final neutrino, it is expressed via 4-momenta of 7
and u

4

f=———7|(3mZ — 4prp)prpp + pus - mr(4prpy — m2)| dr
mhrm?
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Essential feature

Decay ™ — pvryy involves 3 particles,
the effective mass of the vv system my, varies
from O to m,. Hence, the u distribution is
contracted in comparison with 7 distribution:
EM < ET(]- _ mgu/m%)
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distributions of u

Entire
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e Cascade process changes u
distribution only at small mo-
menta.

e Asymmetry parameters de-
crease by < 3%

e Cuts in u transverse momentum reduce the contribution of cascade
process stronger than the main contribution = reduce inaccuracy
of DRD approximation in the description of charge asymmetry with

growth of piu.

Y | N| Py P]jr_ AN

v—v— | L |0.548 | 0.164 | 0.539
T 1 0.311 | 0.142 | 0.374

v+y— | L | 0.199 | 0.513 | -0.440
T 1 0.152 | 0.232 | -0.207

Total charge asymmetry quantities.

15




Dependence on cut pJ

New Physics is expected to be switched on at large transverse
momenta. We study the dependence of asymmetry on the cut piu.

50 100 150 200 50 100 150 200
P, cut GevVv P, cut GevVv

The pﬁ_u dependence of asymmetry. Left — Ay, right — A,

blue — y_~—, green — y_y4 and y4v-, red — v4v4
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Summary

e Discussed charge asymmetry is huge and easily observable effect.
e Cascade process weakly affect the asymmetry, value of this process
decreases with growth of p .

e Introduced quantities are large even with large piﬂ cuts.

B T he used approach for estimate of statistical uncertainty of future
experiments looks very effective.

¢ Real photons will not be monochromatic.

Early estimates: non-monochromaticity decreases the considered asymmetries only

weakly.
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