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® A Higgs particle was found at the LHC

Is it the SM Higgs boson , a SUSY Higgs boson,
a Higgs boson of a different model?

® Future linear collider: ILC
> eTe™ collider: Vs =250 GeV - -

> It may be constructed in Japan.

® Before e+ beams are ready,

other options are possible:
> an e e option
» o an e v option
use one e- beam to produce high energy photons
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vYe collider based on ee

Interaction point

Collision point
Compton scattering:
e Ylaser 2 E"Y

r/\l'
can transfer 80% of e-

(Un)Polarized electron beam energy to y

Backward Comptopn scattering

(Un)Polarized laser beam

nt weight of photon

02 04 a6 (1]
Photon energy/Initial electron energy

Good test for combining photon science
& particle physics!!
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» Higgs are produced by loop diagrams

At one-loop level

k1 € © k1’
77 -fusion diagrams
T Z~-fusion diagrams
k2 o W-related diagrams
gamma Z-related diagrams

(ky +k2)® =2ky - k2, t=(ky—K))* =2k - k] = ¢°,
(ky —pn)? = (K, — ko) = —2K} -k = m} — s — t

0, Kk e(ka)g=0

Si&:m
[l
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» Calculation is done in unitary gauge

» Use of FeynCaIC, PaVeReduce[Oneloop[p,-----]]
» Amplitudes are expressed in analytical form

Denner, Nierste, Scharf (1991)

Keith Ellis, Zanderighi (2008)
Denner, Dittmaier (2010)
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. . g . )
e-e-ycoupling :  i(—e)y, €-e-Z coupling : 'm’rp(fz¢+’7s) with  fz. = —1+4sin’ Oy

t-t-vcoupling : i(g.e)y, . . g . 8 .
kb t-t-Z coupling : tmyp [fze —7s]  with fz,=l—§sm20w
k1’
k1’
K1 k1‘7/
q q < p-q Higgs-t -t coupling : —i i
q+p ‘ ph 2mw
B P . -p k2 p g Higgs - W - W coupling :  igmyy g,
2
p-k2 p+k2
k1’
k1
/
q\7 p+q
l/‘w\ ph
P { w AL
k2 f\JN
ANNANNTIN -
- p-k2

Zo(k1)-WF (k2)- Wi (ks) coupling: — ig cos by [(kl — k2)AGu + (k2 — ks)utur + (ks — Ky ).,gx,,]

Ap'zv'W:'Wﬁ- coupling: — ieg cos by [2gpvguﬁ — Gualuvpg — gpﬂgva] 6/27



@ Contribution of two-photon fusion diagrams

» Top quark loops:
2%k g

A% = (0= 2)[u(14)v,.u(kl)] — o7 g )esl) 2B 514 md,m)

2t
Sy (t,mi,my) = 2- ;%TtBo(t;mnm:) + ;ﬁTtBO(mﬁ;mg,"@)

+{4mf —mj + t}CO(mIQnO’ t;mg,mg, mf)
(27'#)‘-"

Bo(p’; in? / [kz ”(k-i-p)2 ]

_ (2mp)t
Co(p?, p3,p3;mi,m3, m3) = in2 /lk-_, mJl(k+m)2_mzll(k+m+m)2 J

» W boson loops:

A = (ezm) [ 10| (2 ~ 2L s (l2) (g 57, (e, )

t (12my, +2md, (m} —t) —mit) [

B (T D) Bo(mi; miy, miy) — Bo(t; iy, miy) |

SJW)(t,m%l"mﬁ) =
+{t (1n,2l - 2t)
My

+ 12mi?y - 67"% + 6t}CO(m%,01t;"ll2Va"ll2V!"l‘2V)

2

2m‘,,v+ mL, +6 7127

2
B myt




@ Contribution of Z-photon fusion diagrams
» Top quark loops:

Ay = (gamz) [T (Fe+ 25 )th) | = (27 = 22 Jeplh) (22020 72 5 1m )

1
t —my 800829w)mw
» W boson loops:
A = (o) [ e+ ) utl)| ey (9 - ZE5) 0

1672

3
eg'mw
x( r )Szw)(t,mgv,mg)

The contribution of two-photon and Z-photon fusion diagrams
have the same transition form factors

2 2
‘S?T)(ta mgam%) Szw)(t’mw’mh)
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» GRACE gives other contributions to Higgs production in e -7/ collision

. q
~v-W coupling : i—=,(1—
e-v coupling tzﬁ'yp( Ys)

ki p ki 7 b K1’
nu 7
p-k1 p-kt1’ p-k1 —k1 !
y ! V\A/g/\\‘:\xr
w
k2 —» — H - =
p-k1-k2 ph p-k1'+k2
H ' ph=k1-I
B pheickr’ P
¢ )
w w
N L p-k1’ —k1 ~ -
e f\)rl\J nu 4 e e pr\’ nu M"f,p - =

k2 k2 /27



. g . )
e-e-Z coupling : tm'rp(fze-i-’}s) with fze = —1 + 4sin® Oy

. . . gm
Higgs - Z - Z coupling : toosﬂfvg'"'
H ; ph=I—k1’ H | ph=k1-1
> t
\ , _ ' -l
p-I (L, pki p-k1_~14 P
e o~z 7 . e .z 7y e
k1 27 p k1’ ot P : g Kt

k2
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@ Contribution of W-related diagrams

AY o = LT [al0) B,y (1~ r6)ulh)]elle)?

S (W)(ksg) u (W)(kig)
F(‘Z,...,};)ﬁ = (klph - 5'7)9)5(,7_..}?) (s, t,mj, miy ) + (klph + 27ﬁ)s(e7—¢}i) (s.t,m}, miy )

where

(W)(k ) (W)(ki,)
(e-,—..:;f)( t, ;.,m?v) and S(e'y—-eH)(s’ ,m,,,mw)

expressed as a linear combination of
Bo(s;0,m%,)  Bo(w;0,m},)  Bo(tmjy,my)  Bo(mp;miy, miy)
Co (0,0, s;miy,miy,0)  Co (0,0,u;miy, miy,0) Co (0,0, t;miy, 0, miy)
2 2 2

2. 9 2 2 2
Co (0, s, mp; myy,0,myy ) C (0,u,mp;miyy,0,miy)  Co (0,t, mp; miy,, my,,my,)

DO (01 0,0, m%; s, t; m%Va ma,,O, ma’) DO (O: 0,0, m%; t,u; m%Va 0, ma’a m?v)

11/27



® Contribution of Z-related diagrams

AZ o =~ (W) Fyeinp (2o + ) ulkr)]ekz)?

s (W)(ki,) u (W)(kS,)
F'(‘:Cy_.e}{)ﬁ = (klph - 575) S(e,_.e;‘;,) (s, t,mﬁ:m%v) + (k,lph + 575)5@7_.3};) (S,t,m%,m%v)

where
(Z)(k15) (Z)(k;,)
Serein(s:t.mim%) and S (s.t.mf,m%)

. expressed as a linear combination of
Bo(s; 0, m%) Bo(u; 0, m%) Bo (mﬁ;mzz,m%)
Cy (0,0, 5;m%,0,0) Co (0,0,u;m%,0,0) Co (0, s,mf;m%,0,m%) Cp (0, u,mj; m%,0,m%)

Dy (0,0,0,m3; s,u;m%,0,0,m%)

® Collinear divergences appearin ¢, (0,0,s;m%.0,0) Co (0.0,u;m%,0,0) Do (0.0,0,mf;: s, u;m%,0,0,m%)

but they are cancel out when they are added
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Co(0,0,s;m%,0,0) = (47”‘ )ci{ [log(sz -1)- z7r] - = [log(sz -1) - m]2

L (P£0) - Diog? (22 ) 4 I~ imog (27}

Co(0,0,u;m%,0,0) — (4"" ) { %log(l ~ uz) + Lia(7 “fz) - %logz(l ~uz)}

DO(Oa 0,0, ml2!; S, U] m?ZaO, 0, m%) = DO(OaO,mﬁyo; s,u;0,0, m?Z,m%) mz mz mz
1 dmpl\e o1 . [
_ By Z|— —1)— — — 1 4
su—my(s+ u){( my ) ¢ X e [log(sz 1 ‘nr] log(1 — uz) Tz, = 5(1 +1 Ty l)
. [(sz—1 . ugz . 1 )
+2L —2Lis | — —2L
12( sz ) 12( 1—uz) 12((1_32)(1—uz) 2z El(l—i}hi—l)
1- 1— -2 Z
+Lip (——Iz* ) +Lig ( . S — ) +Lig ( yzzll-ur) "Z)) + Lig (1 yzz0-uz) "Z))
zz (1—sz) rz,(1—sz) Tz Tz,

2 sz Sz t+uz —uzsz B
+ log (sz — l) + 210g((sz -1)(1—- uz)) log ((sz )= uz)) + 2log(sz — 1) log(1 — uz)

+1log?(1 — uz) + log (1 + I#) {log (— Z* ) —log(sz — 1)}

zz (1—sz) .

#log (14 =y ) {os (-3 ~ estoz -}

: sz Tz Tz_
I 14+ ——= log{14+ ——
s [Zlog (SZ +uz —UZSZ) N og( N rz (1- sz)) N ( * rz, (11— sz))]

2
_2L} (B:
3

® They appear in combination of {sCo (0,0, s;m%,0,0) + uCq (0,0, u;m%,0,0)

+[m22(8 + u) — su]DO (0’010’ m%; S, Uy m%,0,0, m2Z)} 13/27



« Parameters

mpy =125 GeV , my =173 GeV , mz =91 GeV , mwy =80 GeV
ow_mw_80 2_4 _Ar € 4T 91
OSW m Tz 1 S TTT 8 YT Gney V13T AR —s02
. bdependence
da 2
T =< 12X 1P}
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W-related
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da'(T)

md;mion) - 16; (1611r ) (ge )2(2";)

)
< (-3) (1~ rgys) @St o

(W)
= € gmwy
dt 167 s2 \ 1672

1 2su 2
<(2) (- ) bty

do'?) 1 1 42 2,2
(Zvy fusion) 2 3 th m;
dt = 167 32(161r2) (fze“)(eg Scos2 Oy 1nw)
—t 2su
*E—m2)e (1 2 = t)z)(NcQt) |5t . m:,mh)|
497 rusiony _ ( )’(eg"mw )2
dt 167 s2 \ 1672 4
—t 2su 2
Ve 0z (1 G ) bt
da(ey—oeH) - 1 ( 1 )(egsmw)i’
dt 16w s2 \ 1672

(W)(k (W)(k')
{ l| (ey— e;?,( s,t mh,mz)l |S(e-7_.e}1)(sa ,mh,mZ)I ]}

Pl _ () (eme)
dt 167 s2 \ 1672 16 cos® By,
Z)(k (Z)(k
f -t 6130+ 1) [ st )+ s i ot )]}
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s-dependence
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Feasibility to find Higgs in e+v—e¢+b+b channel

Photon beam has a energy band

do(e+~v— e+b+Db)

we examine
dmyg

k1

k2
gamma

Main background

k1’

Event weight of photon

ety—e+Z*—e+b+b

Compton scattering:
e Ylascr 2 E—Y

can transfer 80% of e-

energy to y

.0 02 04 06 0s

Photon eneray/Initial electron eneray
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do(e+~v— e+b+Db)
dmg

0.0020 Distribution of invariant mass for bb-bar
% — Signal
o — Background
-
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6. Summary |

» Higgs productionin € 7 collision was investigated in SM.
» The EW one-loop contributions to the amplitude e¢+v=—=e¢+ H
were obtained in analytical form.

» Numerical analysis was performed:
« Contribution of 77 -fusion diagrams is dominant for /s < 250 GeV
 Contributions of 77 -fusion diagrams, 7z~ -fusion diagrams and
W-related diagrams become the same order at /s = 500 GeV
« Contribution of Z-related diagrams is extremely small and can be neglected

« The feasibility to find Higgs in e~ collision was studied in
e+v— e+b+b channel

» This work is now in preparation.
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Thank you for your attention
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