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2 \Basic Notation

JC’:‘C!"S',f'ci':

=% {(D:;(bi)'(p;}(pk)«Afgé‘f@i],

scalars

veclors

g . 1 i iy i
Ly = > {—EGJUGE‘ + Myoiter _ iy [(1—50)(1»"ft9@fcw+—’\fi

BTy Teslg M2
14

J,;:u = 8}“’45 - aVA:: + glfubc-A,ub-Auca
G = D}, — Dy

HY ik

D = 4,89 1g,t A2,

g,
faG = M, (2 = ke -+ Ag),

2.6 = —75 (1 ~ ke — Ag).

G t'-’-Gj“Q:“
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3 Production Cross Sections

o = [lelgle 98+ 44]

For vy scattering three terms contribute
term in which one of the photons is resol
Tdirfres; 80d the resolved contribution, o

to the cross section: the direct process yy —+ (I’?f, Tdir, @
ved and the second couples directly to the leptoquarks,

res)

T dol vy dir Yy dirfres Y, res
Isy =05y +ogy t+ogy . (51)

The third term (eq. (56)) is charge independent, but the first and the second terms behave o Q4
and o @3, respectively. The cross section for the direct contribution reads [11]

oT (5, Ma) = [

Urmnfymnn

Yman

Vmar .
I [ ) ()55 (6, MG — D). (s
Ymin/ W)

Here the subsysiem cross sections are:

2
A dir ¢ 2 Ta « -
a_‘élv(s,M@)z——é Q;NCRS,V(S,M.;.), (53)

with § = 4,4,5,5 = 4E,4 E,-, and

Ry = 2Rs,
; R Ay
Ry = 23 3 (5as w4, 04, M) Hy (5, ). t (54)
=0
ax 1
oir fres _ Ymer m d dz® . & Ay a z,
J}:YV (3’M¢) B 2’/;mm/qux dyl '/;min/la'l vz [1“1:/310'1!&‘2 ‘ K (yi) T/( 2) ‘Y( )
X G%,(5, Ma)O(3 - 4M2). (55)

with p the factorization scale. Note that due to the smallness of the couplings A, < ¢ only the
subprocess due to gluon-photon fusion contributes.
‘The double-resolved contribution reads:

Ymax Yrniax 1 1
= ‘ d [ 422817 ()87 (32)
0’}} (S’M‘b) B ]vm.‘n/vmu 41 ~/;m.../m 42 4M3/Swnw “ AM3/Snmn 2 7/( 1) 7/( 2
N’ ~ -
X {Z [q}’(zl,#l)é}’(zh#z) +§}(21,#1)Q}’(Zz,#z)] G5v(8, Mg)
B f=1
G, )G (2, p2) 5%y (3, Ma) } 6(5 ~ AM3). (56)
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Scalar Leptoquarks

The diflferential and integral pair production cross seclions for gg and ¢ scattering arc

do¥%
55 — a, 2 _
5 = ﬁ{ |25 + 982 cos® 0 18[3]
_1ﬁ( 5 — 348% + 98%) 1
16 1-—fF%cos?f 1~ﬁ2c0528 (17)
. mag 2 2 4 1+
6% = oot {ﬂ (41 — 318%) — (17 — 1887 + B*) log =4} (18)
and
d6®%.  ga?
55  __ s 13
dcos 183ﬁ sin” 6, (19)
2ra? ,
b5 =573 P (20)
Vector Leptoquarks
The diffcrential and integral pair production cross sections for gg scatiering are
doll Fi(3,8,cos6)
— A 21
dcost? 1923ﬂ§x‘ e G)(l — 32 cos? §)?’ (21)
with
14 '
Sxi(rke, Aa)Fr = Fo + kel + Acky + kiFy + keAcFy
1=0
AZGF5 K%Fﬁ -+ K%;AgF'( + KG)\E;F& + A?}Fg (22)
sgFo + K?;)\GFH + KIALF, b+ kedlFis + ALKy,
510 = TGS e A6) R, B), (23)
vv QGM‘Z/ 1=0 ’
5o A'IV 1;' B cos 9)- ‘ (24)

-~ 4§y




BN

LA e

S

AR

J. Bliimlein, E, Baos/[.epro&:mrk production at high energy ete~ colliders

Nuet fewp. B (Froc. Swppt) 27 (499%) 481

and
0,2
w0) = ot - s
— (1= gY0g i+g } (25)

where N. = 3. Numerical tesults have been de-
rived for the case of a 7y collider operating at
Vs = 500GeV in [13]. As seen in figure 13 only
leptoquarks with large charges can be pair pro-
duced at a sufficient rate in this reaction.

In [21] single production of scalar leptoquarks is
considered for v7 fusion via 7y — {qS. At Lypical

luminosities the search limits reach 0.8 to 0.9./5
for M,.

0.2. Vector Leptoquarks

The differential and integral production cross
seclion for vector leptoquarks are

dé ra? i, F;i(3,8,cos8)
= QLN LTV T (e
deosB =~ 5 O% ;x’(lw,@’coslﬁ)’ (26)
with x; = xj{x4,Aa) and
E,":-oxiFj = Fo + KA Fy
-I-rciFg + niﬁ‘; + K:‘F.‘
+Aa Ky + MeFs + Ao Fr
+/\j‘F3 +  kAdaFy + K-AAiFIO
+raAAZFir + KAAAF2 + k3 F
+x3 A% Fiy
and
14
by = 22 Mz B AN S xileaFsp) (1)
)=0
with
Mf2 F; cos8

Eq. (26) agrees nnnlyhcaliy with a resull ob-
tained in [28]. The functions Fj(3,[3,c0s8) are
not given here but can be obtained as linear com-

binations from relations given in eqs. (12,13) and
(17) in [9)].

Fo = ﬁ(ﬁﬂﬁ’ 'ﬁ)

4P
1-4
= —Bﬁ-%(l—ﬁn)log‘%%!

- g‘(l—ﬁz—,@‘-i-ﬁ“)ln

- 1,4 Z_ 2 14 p
= 38+ BM:+(2 2ﬂ)1ogll_ﬁ

= ! —24 27} 10| 1EA
= ,BM,+(2+ ﬂ’)lgll_ﬁ

M2 16
=

i _7?
_ —-ﬁ+—-ﬁ 4 i log‘l+ﬁ

= - (l—ﬁ2) log

1 17 _ &

LR TV

1-8

6" MI 3 M2
_3+p 148
i Bl1_g

1 59 3§ 113 3? 43

Y m-mﬁm+m

? 1+8
1
= 2ﬁ+(2+ﬂ1)loglx—~i-%
= 2ﬁ-zﬁ-i—

; 1+
* (3+“ﬁ’"§ﬁf)‘°g “‘“—l

5+ﬁ’
4

M3
1
+ (—--— - Zﬁz) leg

log | ——

1+p
1-8

1
= —‘6 3 M’"Z(l"ﬁz)l"gl

1-p

1+

=
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B Coeflicients of the production cross section of vector
leptoquarks

The functions F;(§, 3, cos 8) of (21) which determine the differential pair production cross section

for g9 — VV are: [%3 ]Y‘r c |4 ,‘u__, )

Fo
Fy
F,

Fy

Fy

Fe

Fy

It

[19 ~ 687 + 68" + (16 — 637) 5% cos? 6 + 38" cos® 9] - (74 952 cos? 0) (85)
~4 - (77 + 14387 cos” § + 364* cos* ) (86)
-8 (7 + 118% cos? § — 183* cos* 6) (87)

2. (117 + 185432 cos® 8 + 183 cos* 9) + 21—‘-;—2- (8 — B cos® 8 — 78* cos* 9)

7 8% s 22

-4 . (19 + 278% cos® 6 + 18834 cos* 9) + lﬂj;—g (1 — % cos? 9) (7 — B¥cos? 9) (89)
3

2- (19 + 278 cos? § + 188" cos* 8) T

(1 — B%cos? 9) (65 + 2982 cos-2 9)
1 3%

8 M}

29
(1 — B% cos? 0) (97 + 287 cos® § — 1153* cos* 9) + -Ms-——g-z (1 — 3% cos? 9)3
—61 — 678% cos* 6 — %Mii (1 — B? cos? 9) (39 + 148% cos? 9)

7 §? s 2.2

13

5 M2

—

90)

127 + 1298% cos® 6 — (1 — 3% cos? 9) (89 + 382 cos? 9)
%'ﬁ% (1 - A% cos? 9)’ (~23 + 1867 cos® 9) (92)
&

13
—71 — 578% cos? 6 + EM,E

(1= 87 cos? 8) (170 + 218° cos? )

1 3? _ " 4 9 s 2 a3
Zm (1—ﬂ cos 9) (—59-{-40,{3 cos” 8 -+ 278% cos 9) ——EW (1—ﬁ cos 0) (93)
K]

5 (l — A% cos? 0) ~ 0
+

(1 — B cos? 0) (21 + 2% cos? 9)
1 32
1M
133

Z“ﬂ_l_f (1 — % cos? 9)2 (—15 + 8% cos? 0) (94)

(1 — B cos8)” (74 + 987 cos? )

"

34 58%cos? 6 + i—# (1 — B% cos? 0) (4 — 3% cos? 9)
+

e (1= 8 costd)’ (25 4 136" corto) (95)
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FIS

+

+

—4. (3 + 582 cos?® 8) — 5W (l — % cos? 8)2

(1 — B*cos 0) ( 5 — 1382 cos? 9)

3 + 58% cos 9) — 1—25—13-2— (1 — 3% cos? 9) (2 + 3% cos? 9)

Pt

e (1 87 con®6) (=23 4 5467 cos®0 - 398 cost6)

1 3
64Mﬂ

-4 ( + 582 cos 6‘) + 511,_{? (1 — B% cos? 9) (5 + A% cos?® 8)

(1 — 8% cos 9) (113 ~ 4982 cos? 0)

1 3
8M,

18 2 2,2
3 Mﬁ (1 — % cos 9) (79 — 158 cos 9)
5 3

3+58%cos? 0 — 17 (1 — % cos? 9) (8 + B% cos? 9)
&

(1 — 3% cos 9) (119 + 1352 cos? 9)

1 32
32M,
11 &
64 M3
1 &t
256 M

(1 — 3% cos 9) (321 ~ 3245% cos® 0 — 138* cos* 9)
(1 — B* cos? 8) : (——23 + 7% cos? 9)

(1 — 3% cos? 9)2 (135 — 228%cos? 8 + 153* cos* 9) .

The coeflicients f}(é,ﬂ) for the integrated cross section for gg — VV are:

= ﬂ(%g—mwz ? )m§@5~%w+¢w?~ﬁﬂbgiig

- —4;3(41—9;32)—%(1_ j”ﬂ

= 368(1 - §%) ~ 25(1 - * ’1+ﬁ

= B(75 - 98%) + 4553“—0—6w’ !1+ﬂ

= -2B(20 - 98%) + ( 1 - 316%)log 1*‘ﬁ‘

- ﬁ(mg w?) ?ﬁﬂMT gﬂ (mg_hﬁz ;)bgifg
:-ag_?ﬁa_(%ﬁ 5 L ’
ERCN A

(97)

(98)

(99)

(100)
(101).
(102)

(103)

——

104)
(105)

(106)
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_ 35 3.8 (375 % 5 145
L Y ML LA (LN SN B L. 107
: 7P ﬁM¢ QﬁM;+(8+8ﬁ+M§,)ogl—ﬁ’ (107)
. 199 87 3 (87 5 . |1+8
= - 2l (2242 e 1
bs ﬁ+12ﬂM¢. 12° w3 (8+8ﬁ)10g1—6 (108)
. 41 71 1
Fo = —ﬁ+—6w~z+(—+—ﬂ2)log\~——+ﬂ (109)
Mg \4 1-8
. o1 1+ﬁ
- = 1 -
. 145 32 . 148
F, = —}3+Z§ﬁM¢ 96/311[4_( "_ﬂ ) ‘ (111)
3 537 31
Fla = —“ﬁ“ﬁﬁmz%ﬂ‘m*(?"ﬁ) ;3| (112)
. 5113 49 3 (23 13 1+ 8
Fig = — 2o S (e i B
1 ’3 4ﬁM¢ 32[3M¢ 96 113 (4 ﬁ+4M§) 8|15 (113)
(114)

Finally, the coeflicients for the differential and the integrated cross section for gg — V7V,

(Gdirfrcost)and G ) asegven by {qay LS k.

113
Go = 1 — — (1 2 20
0 +— T [M, (1+33 )] sin (115)
1] s 1.
G = —-1- 5 _“ﬁi — 2J sin® 6 (116)
G = 1 (117)
G —1+i-‘; 2] sin?0 118
T 4716 | M; o (118)
_ 1. 1.,
Gy = —5tysin 6 (119)
1 1[ 3 . 3
Gy = a7t 8|aE 1] sin“ (120)
~ 1 5 23-3p
Go = ﬂm + o1 (121)
=~ 1 3 5
Gy = ————=— =
! 12M2 6 (122)
G = 1 (123)
~ 1 & 1
Gs = ﬂ“m + 5 (124)
= 1
Gi = —3 (125)
~ 1 5 1
Gs = Eﬂ_ffg + rh (126)
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4 Numerical Results
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Figure 1la: Integrated cross sections for scalar leptoquark pair production through v*v* — 55
(WWA spectrum) at future eTe™ colliders for /S = 500 GeV as afunction of B. Full line: o,y for

|@e] = 5/3; dotted line: oy, for |Qa| = 5/3; dashed line: oy, for |Q«| = 1/3; dash-dotted line; org;,
for |Qef = 1/3.
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Figure 11b: Integrated cross sections for scalar leptoquark pair production at future 7 colliders using
Laser back scattering for electron beam conversion. The parameters are the same as in figure 10a.
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Vector Leptoquarks /
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Figure 12a: Integrated cross sections for vector leptoquark pair production through v*y* — §§
(WWA spectrum) at future e*e™ colliders for /S = 500 GeV as a function of B. Integrated cross
Upper full line: [Qs] = 5/3, k46 = A = —1 (MM5); Upper dashed line: 1Qz| = 5/3,846 =

Aac = 0 (YM5); Upper dotted line: |Qg] = 5/3,ka6 = 1, a6 = 0 (MC5); The corresponding
lower lines are those for |Qg = 1/3.
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Figure 12b: Integrated cross sections for vector leptoquark pair production at future v colliders using
Laser back scattering for electron beam conversion. The parameters are the same as in figure 12a.

42




o~

MRt e
i

i

i

5 Comparison with Future Search Limits at other

Colliders
ﬁ =
Collider Mode VS Luminosity §§ Q | Scalar Leptoquarks || Vector Leptoquarks
y 1004 | 104 1004 | 104
TEVATRON PP 1.8 TeV 100p5~T 140 200 195 270
| 'TEV33 P 2.0 TeV 1f67 210 290 290 370
LIC pp 14 TeV 10/6° T 900 1206 1200 1500
IIERA ep 314 GeV 100p6~ 1 T 1/3T - - - 50
5/3 | 45 60 55 70
LEP &3 LHC ep 1.26 TeV 167 1/37 90 130 130 180
5/3 1 105 220 200 260
LINAC Y*y* | 500 GeV 10/6-11/3 ] 90 125 120 155
ete™ WWA 573 135 185 170 210
LINAC v 500 GeV 1067 '1/3°7 160 185 175 190
ete” Compton 5/3 1 200 205 200 205
LINAC Ay 1 TeV 10f6~1 1 1/3 ] 140 195 285 345
ete” WWA 5/31 220 325 435 470
LINAC y 1 TeV 10671 1 1/3] 300 340 390 405
ete” Compton 5/3 1 400 405 410 410

V: MC.
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