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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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® In two-photon fusion process for Higgs production
in e/ collision, we may observe
the transition form factor of Higgs

in analogy of the 7"y — 7 transition form factor
observed at BaBar and Belle
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® The +*y — =" transition form factor p(@?)
observed at BaBar and Belle
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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] 8/27



@ Contribution of two-photon fusion diagrams

2
Ay = (25) [ ek 2 (927 - 2 ”fq’s L )es(ka) Py
;
Fry = 20 NQF 7,2, m) — o Sty )
» Top quark loops:
2% 2t
Sty (tsmy,mpy) = 2 mBo(t;mt?,m?) + mBo(m%;mf,m?)
h h

+{4m? —m} + t}CO(M?.,O’ tmg, i, m)
2 2 o _ (27"
Bo(piymy,ma) = —— /[kz m][(k+p)2 mz]

b} d4-n
i AAmingnd) = T |
» W boson loops: [k’ mJ[(kﬂm)’-mzH(kﬂm+m)2 J
2t mit
S (t.m2 m2) = 64+ Zh .
(W)( s iy, 12 ) + 2, 2,
t (12miy + 2miy, (m} —t) — mit)
N 2myy, (m; — t) [Bo(mh’

iy ) — Bo(t;my,miy) |

2
42 ) NPT S S Co(m2,0,t;m3, , m3, ,m2)
—mﬂ‘v_ mW LU O\ R, U, LI My , Ty, My
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@ Contribution of Z-photon fusion diagrams

ea®

Azy = (1692)[“(kl)'rn(fZe"f"Ts)u(kl)] =1 Cat— 2"5" — L )es(ks) Fzy

2

m
Foy = —8mw’::>s20 NeQ: f2:S77)(t,mZ,m}) + WSZ")“ miy, my,)
» Top quark loops: S (t,m,mi) = ST (t,m7, m3)
> W boson loops: e (& miy ,mi) = STV (8, my, , m3)

The contribution of two-photon and Z-photon fusion diagrams
have the same transition form factors
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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 11/27



. 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

12/27



@ Contribution of W-related diagrams

egs

Aw., = (o) T3 [BD) Fovua (1= s)ulkn)]e(ka)’?

1672

2ky , ko W, 2 .9 2k1, k2 gW. 2 2
Fiwyas = (—Ls —’Yﬂ)S(h) (S,t,mh,mw)'*'( " +’7ﬁ) (ke (88, M, miy)

where Note: S(W,cl'; —0 as u—0

v Ve 2 .2
St (s.tomi,miy) and Sy (s:tmi.miy)

. 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,)

Dy (0,0,0,m3; s, t;miy, miy,,0,miy)  Dyp (0,0,0,mp; t, u; miy, 0, miy, miy )

» When the initial electron is right-handed, Awy, =0
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® Contribution of Z-related diagrams

Az = (325) (- ot ) x [6(8) Pz (e +79)uth)|ella)?

2k1, ko

2k, ke
Fizas = ( ~8) Sty (s.tmim%) + (—2— +75) SE5 (5. t. 3, m3)

. QZe
where Note: SGiy — 0 as u—0

S&‘;)(s,t,mi,m%) and Sg‘?)(s,t,m%,m%)
. expressed as a linear combination of
Bo(s;0,m%) Bo(u;0,m%) Bo (mj; m7, m%)
Co (0,0,5;m%,0,0) Co (0,0,u;m%,0,0) Co (0, s,mf;m%,0,m%) Cy (0,u,mf;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)} 15/27



« Linear Collider: good polarizations for the initial colliding beams

Initial electron polarization: p. = +1
Initial photon polarization: P, =+1

 Differential cross section

da(e’y—ocﬂ)(pc’P'y) - 1
dt = Tors2 { 2

AP PP}
final electron spin

AP.,Py)) = A (P..Py)+ Az, (P..P,) + Aw, (P, P,) + Az.(P., Py)

« Angular momentum conservation in forward and backward directions
» In the massless limit of electron, its helicity is conserved

A(P..P,) vanishes at g=o0 A(P,,P,) <t

A(P..P,) with P.P, = —1 vanishes at g — A(P.P,=-1)—0 as u—0
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e To obtain A(P..F,) :

1+ Pe’75

u(ks) — u(k1)

€(ka, 1) €(k2, £1)5 = L Gap * 1 (galgpg - gazgpl) In the frame where the initial
- 2 photon is moving in the z-direction

« Contributions from 77 fusion, Zv fusion, “W-».” and “Z-¢” diagrams

do (PP, 1 5
2o - —x{ Y AR PR

final electron spin

3
- 16;s2(12:2)2 (") ™ {(s:u)?J“P’P‘(l—s?u)}’
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doz)(Pe.Py) 1/ eg® )2 —t

- L Fp?
dt 167 s2 \1672) (t — m% )2 &

x{(fze+2sze+1)(8 +")._,+P(sz,+2fz¢+P)(1— )}

+u
da(Wug)(Pc’ P'y) 1 egs 2mﬁ; 2
dt - 161r35(161r2) g (90 _P=){[S(‘Z")‘(s’t”"2’"‘%")l |S<wk'")‘(3’t’mﬁ,m?v)| ]

2 2
+p,l |S(‘:"')=(s,t,m§,m3v)| +|S(“'k,';‘(s,t,m?.,m?v)| ]}

do(ze)(Pe,Py) 1 reg’ \2¢ mz |2
dt B 161r32(167r2) (lﬁoossow) (=)
{(fz=+4pfze+6fze+4pfze+1)“ & (s, tomi,m3)| + I(k:,(stm,,,mz)|]

(5,2, m3)|

+P (sz¢+4f§¢+6szc+4fz¢+P)[

2
Ze
_IS(k,‘)(s,t,mi,m%)| ]} -

We See da(w,,‘)(Pe == +1) . 0 dO'(PeP = —1)
dt N dt

—0 as u—90
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« Parameters

dor/dt [fb/GeV?)

dorfdt [fb/GeV?)

my, =125 GeV, m, =173 GeV, my =91 GeV ,
mw 9 4
= ’ =4 em = Tho =
cos b myz € e 128 g sin Gy
« t-dependence  /5=200CGeV
@001 awif (Pe=+1, Py=-1)
w0 '; 104
s é """"
w R S
; s N
wek: .% 106 »
w g it
w0 g (Ca ¥ ..’;:;.-: ‘‘‘‘‘
06 ’. g lcrc_%; -
- ST as 10 s
—-t/m;

Black
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Orange
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dor/dt [fb/GeV?)

dor/dt [fb/GeV?)

t-dependence

aof| 5 =400GeV (P=+1, P,=+1) 4
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> The contribution from “Z-¢”

Vs = 400 GeV

acool

0

dor/dt [fb/GeV?)]

w?

105F

H
108k,

w*

aoorp
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wE
sk i

H
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o

diagrams is negligibly small
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® t{-dependence
» The case P.= -1

for —t/m} <1, a dominant contribution comes from the 77 fusion diagrams

for 1< —t/m} <15, the contributions from the 4y fusion, z, fusion and
“W-v.” diagrams becomes the same order

for —t/m? > 1.5, the contribution from “W-».” diagrams prevails other two

The interference between A,, and 4z, works constructively

A, and Aw,. works destructively

» The case F.=+1

No contribution from “w-».” diagrams

The interference between 4., and 4z. works destructively
Its effect is large even at small —t/m

do(.—.y/dt decreases rather rapidly as —t/mj, increases
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Higgs production cross section ey

o |fb]

o [fb]

® s-dependence
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Higgs production cross section (ey—eH)

® s-dependence

» The case PPy = -1
« very small at Vs = 130 GeV oL
» rises graduallyupto2fbfor (P.=-1,P,=+1) " V7 [GeV]
 increases rather slowly upto 0.4 fb for (P.=+1,P,=-1)

due to interference between A, and Az,

» Thecase pp, - +1
« large even at small /s
- rises above 3 fb around /s =200 GeV and then gradually decreases for (P.=-1,P, =-1)

due to interference between Aww. and A,

+ decreases as V5 increases for (P, = +1,P, = +1)
due to interference between A, and Az,
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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 production cross section for e(Fei) +v(yEe) — e+ H

in e (Eea)e (Eea) collider

Oey collision(Sees FLasery Pet1, Pe2, PLaser)

= Z/dy Ny, Eea, Evaser, Pe2, PLaser, p7)0'(e'y—.eH)(3, Pey, Py),
P7

» Photon beam has a energy band

» We study Higgs production through

bb decay channel

» Main backgrounds

[ E.,=125GeV, Ep,..=233eV
- (Ee2=250GeV, E13:r=1.17eV)

10
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S = YSee

V See = Eel + Ee = 2Elel

\/@ GeV | Pe1| Praser || Ocut b S/\/E
1 -1 0.50 | 6.17
250 1 1 0.36 | 4.48
-1 -1 0.80 | 4.51
-1 1 1.53 | 8.68
1 -1 0.11 | 2.93
500 1 1 0.19 | 1.31
-1 -1 1.22 | 10.6
-1 1 1.01 6.8

o [fb]
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7. 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 larger /s
« Contribution of Z-related diagrams is extremely small and can be neglected

« The feasibility to find Higgs in e~ collision was studied in
e+~ — e+b+5 channel

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