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Anomalous WWy vertex in yp collisions
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The potential of a LG-DESY HERAp basedyp collider to probe thaVWy vertex is presented through a
discussion of the sensitivity to anomalous couplings ppdistribution of the final quark. The limits obtained
for Ak are comparable to the one which is expected from CERN LHC. The bounds on the anomalous
couplings are also found from a correspondayg collider using the Weizsker-Williams approximation to

compare with real photons.
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I. INTRODUCTION

PACS nuni§erl4.80.Bn, 12.60-i, 13.85.Rm

o, ando, are transverse sizes of proton and photon bunches
at collision point. Since most of the photons are produced at

Recently there have been intensive studies to test the déie high-energy region in the Compton backscattering the

viations from the standard mode$M) at present and future

cross sections are about one order of magnitude larger than

colliders. The investigation of three gauge boson couplingarentalep collider for photoproduction processes. Accord-
plays an important role to manifest the non-Abelian gaugdnd to present project at DESY linear electron beam is de-

symmetry in standard electroweak theory. The precisiorfigned to provide 300, 500, and 800 GeV energy. Inahe
measurement of the triple vector boson vertices will be thesollider mode the linae beam is allowed to collide 920 GeV

crucial test of the structure of the SM.

Measurements at the Fermilab Tevatron and CERN™
collider LEP2 provide present collider limits on anomalous
couplings. Recent results from DO fov¥Wy couplings are
given by —0.25<A«<0.39 \2=0) and —0.18<\<0.19
(Ak=0) at 95% C.L., assuming thé&/Wy couplings are
equal to theWWZ couplings[1]. Individual experiments by
the ALEPH, DELPHI, L3, and OPAL Collaborations at
LEP2 give the same order of sensitivity as the Tevaf@n
As an example, DELPHI has the 95% C.L. limits ©10.46
<Ak<0.84 and —0.44<\<0.24. A combination of the

protons from the HERA ring13,14]. Parameters of this
LC+HERAp and its yp option are shown in Table [I15].
Therefore such, high-energyp colliders will possibly give
additional information to linac-ring typep colliders for a
variety of processegl6,17]. In this paper we examine the
potential of future LG-HERAp basedyp collider to probe
anomalousWWy coupling and compare the results with
those from its basiep collider and other projected future
colliders.

II. LAGRANGIAN AND CROSS SECTIONS

measurements of triple gauge boson couplings from the four C andP parity conserving effective Lagrangian for two

LEP2 experiments improves the precision +d0.09<A «
<0.15 \=0) and —0.066<A<0.035 A«x=0) where the
WWZ coupling is kept at the SM value for both cag&s.
Analyses of theWWy vertex has been given by several pa-
pers for the DESYep collider HERA [4-9]. The CERN
Large Hadron Collider(LHC) is expected to place better
limits on these couplings db(10 ?) for Ax andO(10 %)

for A [10]. Linear electron-positron colliderd.C) will im-

chargedw boson and one photon interaction can be written
following the paper$18,19;:

=gJ(W! , WHAY = WH'WTA ) + kW], W, A*

prove further upon the LHC precision by one order of mag-

nitude[11].

After LC is constructedye, yy, linac-ring typeep and
yp modes should be discussed and may work as compleme
tary to basic colliders. The Linear Collider design at DESY
[11,12 is the only one that can be converted into @p
[13,14] collider. yp collider mode is an additional advantage
of this linac-ring-typee p collider[15,16] where real gamma

beam is obtained by the Compton backscattering of laser

Gwwy
+ LWT WHARP (1)
M \2/\/ pp Y !
where
n- gWWyze! g]7-= 1' W;vaﬁ,uwv_avw,u

and dimensionless parametetsand A are related to the
magnetic dipol and electric quadrupole moments. kerl

TABLE I. Main parameters of L&HERAp basedep and yp

photons off linear electron beam. Estimations show that th&°!lders-

luminosity for yp collision turns out to be of the same order
as the one foep collision due to the fact that,> o, where

*Corresponding author. Email address:
atag@science.ankara.edu.tr
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LC HERAp \se, (GeV) s,,"(GeV) Lep=L,,(cm st

300 920 1050.7 957.2 X103t
500 920 1356.5 1235.8 X103t
800 920 1715.8 1563.2 X103t
04-1 ©2001 The American Physical Society
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and =0 standard model is restored. In momentum spaceess yq;—Wg; can be obtained using helicity amplitudes
this has the following form with moment&/* (p;), W~ (p,) from [7] summing over the helicities
andA(p3):

do 2 B 1

— ==z — M2 3
Fﬂvp(pl’p21p3) dt S— M\Z/v 64ms Norw 2 TN Ay ( )
A
—e g,”< pl—pz——2[(p2-p3)p1—(p1~p3)pz]) where
w
p 2 - 2
e S My
Mirw= o =5 VBAL, B=1-—= (@
Oup| KPa P2t 5 [(pz Ps)P1—(Py- pz)p3]> M N2sind s+mg, T s
W Y and 6y is the Weinberg angle.
A For the signal we are considering a quark jet and on-shell
+9,,| P2~ kP3— M—z[(pl- P3)P2—(P1-P2)Ps] W with leptonic decay mode
w
. yp—W7 +jet—|+pTStjet, I=e,pu. (5)
A
——(P2,P3,P1,~ psﬂplypzp)], (2 In this mode charged lepton and the quark jet are in general
M well separated and the signal is in principle free of back-

ground of SM.
where p; +p,+p;=0. There are three Feynman diagrams™ Thg tota| cross section for the subprocesg— Wg; can

for the subprocessyqi—Wg; and only t-channelW ex- e givided into two parts, direct, and resolved- photon pro-
change graph contribut&¥ Wy vertex. One should note that §,ction

yp collision isolatesW Wy coupling but many processes in
ete, pp, andep collisions include mixtures ofVWy and
WWZ couplings.

The unpolarized differential cross section for the subpro-The direct part is given as follows

0= 0gjrt Ores. (6)

s—M?2 . .
W) —{(1—2z+ 27%) — 2|eq|(1+ k+272)

~ CEGFM

2
_ 2 52
U—T| qq]| | (legl—1)2(1—2z+2z )Iog(

(1-x)?> (1+x)?] . (1—k)? 1 3(1+]eg®) - (1—k)? |eq|2
+ e logz+ 2K+——I€—J§+<2+”——7?——— z+(1+«)|e d———zg—~+ > (1-2)
—7‘2 72— 27logz 1)+—)‘ 2k+N—2)[(z—1)(z—9) +4(z+ 1)l “]] (7)
— (25— <422z Z— - Z— Z— VA z s
422( og 1 (2x ( ( ( og

wherez=M32/s andA? is cut off scale in order to regularize and hadronlike parts. The pointlike part can be calculated in
u pole of the colinear singularity for massles quarks. In the the leading logarithmic approximation and is given by the

case of massive quarks there is no need such a kind of cu %xpressmn

The resolved-photon production cross section can be calcu- 2 Q2

lated using Breit-Wigner formula foq.,q,— W fusion pro- q/y(X Q? )_ [x +(1— x)z]log—g 9
cess

whereeg, is the quark charge. For the integrated total cross
2 section over the quark distributions inside the proton, pho-
Gme|V|J|2 S(XiX;S,p m\zN ), (8 ton, and the spectrum of backscattered laser photon the fol-

o(ag—~W)= lowing result can be obtained easily:

3

josad Joss yf . (m\zN )
whereVj; is the Cabibbo-Kobayashi-Maskaw&KM) ma- Tres™ 70 1o Xy ye(Y) T, 10| S5 Qe
trix. For the integrated cross sections we need parton distri-
bution functions inside the photon and proton. The photon X X

e it wolpe el

. : : o X
structure functiorf ,,, consists of perturbative pointlike parts
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TABLE II. Integrated total cross section times branching ratiosphoton structure functions of Drees and Gragf&) [21]
o(yp—Wj)xB(W*—puv) in pb to indicate direct and resolved have been used wit?=M?,. Here number of events has
photon contribution depending on invariant kinematical duin  peen calculated using
GeV. DG and MRS A were used for photon and proton structure

functions./s=1715.8 GeV. N=o(yp—W+jet)B(W— uv)ALiy, (13

o g X B(W' — pv) where we take the acceptance in the muon channel A and
Ky N A=02 A=1 A=5 integrated luminosity;,, as 65% and 200 pld. To give an
10 15.79 14.88 13.98 idea about the comparison with correspondepgollider the

cross sections obtained using Weidsar-Williams approxi-

L1 39.57 38.66 31.75 mation are also shown on the same table. As the cross sec-
3(2) 13&29 ;%97'98 8123%07 tion o(yp— W+ jet) we have considered the sum @fyu
, : : : + ey +17) . + ) +
2,0 29.03 28.12 27.21 —W7d), +‘L(7d_’w u), "(]_S_’W €), o(yu—Wrs),
o(ys—W7u), ando(yd—WTc). As shown from Table I
X B(W* — uv) the cross sections using backscattered laser photons are con-

siderably larger than the case of correspondipgollision.
—-0.62 1.62 3.85 We assume that the form factor structurexof 1 and\ do
not depend on the momentum transfers at the energy region
considered. Then anomalous terms containingrow with
with Js/M,, and terms withx rise with &/ M2,. Deviation A x
=k—1=1 from SM value changes the total cross sections
B ™2 > 2 30-70 % whereas theh =\ =1 gives 80% changes. There-
UO_KGFmWWiil : 1D fore high energy will improve the sensitivity to anomalous
couplings. For comparison with HERA enerdﬁ= 314 GeV
Since the contribution from the pointlike part of the pho- the similar results would be 20-40 % far=1 and 5% for
ton structure function was already taken into account in thé”\:_l- ) )
calculation of the direct part it was subtracted from It is important to see how the anomalous couplings
fq/y(X,sz) in the above formula to avoid double counting on change_ the shape_ of the transverse momentum d|str|bu_t|ons
the leading logarithmic level. In a similar way direct part of Of the final quark jet. For this reason we use the following

the integrated cross section can be obtained mula:

083 (1 dx o _, de fo'sgd f f 2
Tgir= drj —f e 71X) fgp(x, Q%) a(78) (12) dpr Pr . y o Xaf yre(Xa) f grp(Xp , Q%)
Trmin 7/0.83 X
XaXpS do
With 7ipin=(My+Mg)?/s. X m)ﬁ (14
The sum of resolved and direct contribution, in principle,
should not depend on value of the parameterThe effects |\ here
of A on the cross sections and contributions of direct and
resolved parts are given in Table Il. In Table Il integrated B 0.8%+ m2_M\2N
total cross sections times branching ratio Wf— v and y*=log ﬁ
corresponding number of events are shown for various val- TP
ues of k and \. Through the calculations proton structure 0.8%+ mé—M\ZN 2 0.8%F, 1z
functions of Martin, Robert, and StirlingIRS A) [20] and 1{( IE ) = } } (15
T=p P
TABLE lll. Integrated total cross section times branching ratio 2 2
o(yp—W|))XB(W"—uv) in pb and corresponding number of Xél)ZZmTEpey—mq—FMW g2)zw

events (in parenthesgswithout cutoff for massive quarks\/g s—2myEe™ S

=1715.8 GeV and integrated luminosity,,= 200 pb * have been ) ,
-y_
used. X masx® x@) x= 2mrEex, e mg+ My
a a fal 7b XoS— 2myE &Y

Back scattered laser WWA K N (16)
17.712297 2.2(288 1 0 ith

41.45388 3.9504) 1 1 wi

112.814660 8.9(1151) 1 2 ~ Il T T P
12.41606 1.6(206 0 0 S=XaXp, t=mg—2Ex;mre”, u=mg+My—s—t
30.94018 3.7(477) 2 0

mi=m;+p%. (17
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lg | | | T TABLE 1IV. Sensitivity of LC+HERAp basedyp collider to
. LC+HERAp, /3 = 1715.8 GeV anomalous couplings at 95% C.L. for real photons. Only one of the
Compton Backscattered Photon couplings is assumed to deviate from the SM at a time.
i (1,1) 3 VSep(GeV)  [Ldt(pb™) &% Ak A
o _
B.ok \ 1 1715.8 500 0 -0.019, 0.019 -0.048, 0.048
001 L @0) | 1715.8 500 0.05 -0.040, 0.038 -0.049, 0.049
: ©,0) ] 1356.5 500 0 -0.022, 0.021 -0.053, 0.053
sM ] 1356.5 500 0.05 -0.042, 0.040 -0.054, 0.054
. . . . 1356.5 200 0 -0.034, 0.033 -0.067, 0.067
000t 50 o5 140 185 w0 13565 200 0.05 -0.050,0.048 -0.068, 0.068
77(GeV)
FIG. 1. k and\ dependence of the transverse momentum dis- Viii doSM Vii1 do™®W
tribution of the quark jet at L&HERAp basedyp collider (Comp- Xin’ g dv, Yi:J' g dv, (19
ton back scattered photpriThe unit of the vertical axis is pb/GeV Vi v Vi v
and the numbers in the parentheses stand for anomalous coupling
parameters £,\). N N 5§y9 V=pr. (20)

The pt spectrumB(W— wv) Xdo/dp; of the quark jet is
shown in Fig. 1 for various and\ values at LG-HERAp
basedyp collider. Similar distribution is given in Fig. 2 for
the Weizsaker-Williams approximation that covers the ma-
jor contribution fromep collision. It is clear that the cross
section at largept is quite sensitive to anomaloV&/Wy
couplings. As\ increases the cross section grows more rap
idly when compared with« dependence at highy region
pt>100 GeV. The cross sections with real gamma beam a
one order of magnitude larger than the cas®i A Com-
parison between two figures also shows that the curves b

N Proximation.
come more separable agyets large.

Ill. SENSITIVITY TO ANOMALOUS COUPLINGS
We can estimate sensitivity of LEHERAp basedyp

We have dividedp; region of the final quark into equal
pieces for binning procedure and have considered at least 10
events in each bin. For sensitivity, the numbervét and
W™ events given with their branching ratios in tjwe’ and
ev channels has been taken into account. Using the above
formula the limits on the\ k and\ are given in Table IV for
the deviation of the cross section from the standard model
value at 95% confidence level with and without systematic
"&ror. On the ground of comparison we give the limits from
ep collider in Table V using the Weizsker-Williams ap-

From these tables we see thgh mode of LC-FHERAp
probesAx and N\ with better sensitivity than Tevatron and
individual LEP2 experiments. Combination of the results of
the four LEP2 experiments produces sensitivity intervals

. . - 71
collider to anomalous couplings by assuming the 0.05 comgd'ffere;;:\e betw_e?n (tjhe tlﬂpperh?}ndL'gV:er"g:XlQ ) ftc;]r
bined systematic error in the luminosity measurement and an N (STea'(g rfoyzc 'Ohgvo'fo,l ’: gllve.T the
detector acceptance for the integrated luminosity values ofa M€ intervals a8(10"=) andO(10" ), respectively. In the

200 and 500 pb'. We use the simplg? criterion to obtain
sensitivity:

case of sensitivity td\ x, yp collider is comparable to LHC
which can probeNWy andWWZ couplings separately with

Wy andWZ production. It is anticipated that the future linear

efe” colliders can reach the

Xi—Y; ) 2
, (18)

A

sensitivity
0(10 %)—0(10 %) depending on the energy and luminosity

of

with mixed couplings oMWWy and WWZvertices for unpo-

0.1 E T T T T

LC+HERAp, /3 = 1715.8 GeV
WWA

larized beams. The highly polarizable beams at LC allow one
to discriminate couplings at the same order of sensitivity as
above[22] that have correlated effects on observables with

TABLE V. Sensitivity of LC+HERAp collider to anomalous

B4z couplings at 95% C.L. folWWA
P
0.001 . Vsen(GeV)  [Ldt(pbt) &% Ak A
E (2,0) 4
00) ] 1715.8 500 0 -0.064, 0.061 -0.124, 0.124
SM 1715.8 500 0.05 -0.079, 0.075 -0.125, 0.125
0.0001 y ' , : 1356.5 500 0 -0.078, 0.074 -0.175, 0.175
5 50 95 140 185 230
P(GeV) 1356.5 500 0.05 -0.090, 0.085 -0.176,0.176
1356.5 200 0 -0.121, 0.116  -0.250, 0.250
FIG. 2. The same as the Fig. 1 but for the Wetksa-Williams 1356.5 200 0.05 -0.135, 0.122 -0.250, 0.250

approximation.
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unpolarized beams. With presently expected luminositieshe yp collider has the advantage of probiMyWy cou-
LC+HERAp seems not to be able to attain LC precision. Inplings independently ofvWZeffects. After further improve-
ye and yy collisions[23] with laser backscattering at basic ment of luminosity, linac-ring-type/p collider possibly will
linear colliders one can probe th&/Wy couplings with  give complementary information to LHC and LC.

O(10 2) precision which are the same order of magnitude as

in the yp collision. Reduction in luminosity is expected in In

ve and yy collisions when compared to basi¢ e~ colli- ACKNOWLEDGMENTS

sion due to scattering of laser photons. However, almost the

same luminosity can be obtainedyp collision as the basic The authors are grateful to the members of the AUHEP
ep collision because of the larger transverse size of the progroup and S. Sultansoy for drawing our attention to anoma-
ton beam(see the introduction As the ye and yy colliders,  lous couplings.

[1] DO Collaboration, B. Abbotet al., Phys. Rev. D60, 072002 Linac-Ring Type ep anglp Colliders [Turk. J. Phys22, 529
(1999. (1998].

[2] ALEPH Collaboration, R. Baratet al, Phys. Lett. B422 369  [13] R. Brinkmann, Turk. J. Phy®2, 661(1998; Z.Z. Aydin, A.K.
(1998; The DELPHI Collaboration, P. Abreet al, ibid. 423 Ciftci, and S. Sultansoy, Nucl. Instrum. Methods Phys. Res. A
194(1998; The L3 Collaboration, M. Acciarét al,, ibid. 467, 351, 261(1994.

[14] A. De Roeck, Turk. J. Phyf2, 595(1998.

[15] S.I. Alekhin et al,, Int. J. Mod. Phys. A6, 21 (199)); A.K.
Ciftci, S. Sultansoy, S. Turkoz, and O. Yavas, Nucl. Instrum.
Methods Phys. Res. 865 317 (1995; A.K. Ciftci, Turk. J.

171(1999; The OPAL Collaboration, G. Abbiendit al., Eur.
Phys. J. 9, 191(1999.
[3] The LEP Collaborations ALEPH, DELPHI, L3, OPAL, and
The LEP TGC Working Group, G. Bellat al, Report No.
Phys.22, 675(1998.

LEPEWWG/TGC/2000-01.
. [16] Z.Z. Aydin et al, Int. J. Mod. Phys. Al1, 2019(1996.
[4] M.N. Dubinin and H.S. Song, Phys. Rev.37, 2927(1998. [17] S. Atag and O. Cakir, Phys. Rev. 45, 5769(1994: O. Cakir

[5] ;J(fglgzr J. Vermaseren, and D. Zeppenfeld, Nucl. PB335 ang 2 gtalg' 1. Physr.] el 118%’}2938; S( 3529' A Cellikel,
i . and S. Sultansoy, Phys. Lett. 185(1 ; AT, Alan,
[6] C.S. Kim, Jungil Lee, and H.G. Song, Z. Phys.63, 673 2.Z. Aydin, and S. Sultansoybid. 327, 70 (1994: A.T. Alan,
(1994 S. Atag, and Z.Z. Aydin, J. Phys. 20, 1399(1994; A. Kan-
[7] U. Baur and D. Zeppenfeld, Nucl. PhyB325 2?3(1989. demir and U. Yilmazer, Phys. Lett. B85, 143(1996.
[8] M. Janssen, Z. Phys. 62, 165 (199D; M. Bohm and A.  [18] K.J.F. Gaemers and G.J. Gournaris, Z. Phyd, @59 (1979.
Rosadojbid. 39, 275(1988. [19] K. Hagiwara, R.D. Peccei, D. Zeppenfeld, and K. Hikasa,

[9] V.A. Noyes, Proceedings of the Workshop on Future Physics  Nucl. Phys.B282, 253(1987.
at HERA 1995/96, edited by Ingelman, A. De Roeck, and R.[20] A.D. Martin, W.J. Stirling, and R.G. Roberts, Phys. Rev5D

Klanner, p. 190; S. Godfrey, Z. Phys. &5, 619 (1992; T. 4756 (1995.

Helbig and H. Spiesberger, Nucl. Phy&373 73 (1992; U. [21] M. Drees and K. Grassie, Z. Phys.28, 451 (1985.

Baur and M.A. Doncheski, Phys. Rev. 4B, 1959(1992. [22] V.V. Andreev, A.A. Pankov, and N. Paver, Phys. Rev58)
[10] ATLAS Technical Design Report, Vol. Il, 1999. 2390(1996; A.A. Likhoded, T. Han, and G. Valenciabid.
[11] Conceptual Design Report of LC500, DESY 1997-048. 53, 4811(1996.

[12] D. Trines, Proceedings of the International Workshop on the [23] S.Y. Choi and F. Schrempp, Phys. Lett2B2 149 (1991J).

033004-5



