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[1] Introduction

The actual motivation of the GRAPE project

Need of a new dilepton generator for HERA physics

(— EW diagrams)

Significant background for
exclusive J/i, T productions, CC, LFV, W production, etc.

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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[ Electroweak(EW) Dilepton Production |

N p
(c) Z° on/off-shell production

Z ’_‘+ b_‘er

e
0 0
Wl vi z1 -

y/ Z°

——]

1

(a) Bethe-Heitler (type) diagrams

e 1 € .
1" v 1 ¢
v Z° + €
vz © !
q a q q
e e e e
VA . QqQ
L oyze :
1 AN
y +
q 1 q q

(b) QED Compton type diagrams
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(c) Z° on/off-shell production
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Existing generators

for dilepton production
In ep collisions

LPAIR* TRIDENT!

Calculation Exact ME with Exact ME with
numerically stable REDUCE
formula to avoid
gauge cancellations
Numerical stability || Stable at any Unstable at low
phase space point scattering angles
Included diagrams || Bethe-Heitler (BH) BH+CO (QED)

of two-pthon including ee
interference
in ee channel
Weight Unweighted Weighted

*, T : Please see PHYSICS at HERA vol.3

~L_

We want to have an event generator with

e the exact ME calculation,

e all related diagrams,
e and numerical stableness.

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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We suffer from
[ e a large number of diagrams (at most 48),]

e various singularities,
e numerical cancellations.

The automatic calculation by GRACE

i

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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[2] The GRACE System

— Automatic calculation of Feynman amplitudes —

[ e 5o |

1. Specification of a model file, order of per-
turbation, and initial/final state particles

2. Generation of all Feynman diagrams

3. Generation of FORTRAN source code
to calculate the Feynman amplitudes =—-Exact ME

4. Integration, event generation calculation
by BASES/SPRING program — Unweighted
events

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
ep Interactions with High E;
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In an input file # of generated diagrams
e Model:SM e 109 in covariant gauge
e EW=4, QCD=0 e 58 in unitary gauge
o Initial= {eT, u}
o Final= {et*, u, u™, p~}
Graph 1 Graph 2 Graph 5 Graph 6 Graph 7 Graph 9
€ z € z ¢ E— € E
Y ut Y ut o Z o
u ugy u u Y z u u u u u u z u
Graph 10 Graph 11 Graph 17 Graph 18 Graph 21 Graph 22
e er & "\r«’/‘y et - z+ et - 'j et . j+ et . j+
H Ll* H < Ll* u M u H u Iy u u
u usZ oy u_/,igroi,qu u ¢ uou 5 ut u ’ uou 5 u*
Graph 25 Graph 26 Graph 27 Graph 34 Graph 35

Graph 38 Graph 39 Graph 42 Graph 43 Graph 49
+
= et e et e et e e* e"w e e e"
H +
v
\4 Z H 4

u u u u u u u u u U U, —>e—s.,u u u

Graph 50 Graph 51 Graph 53 Graph 54 Graph 55 Graph 57 Graph 58
et —— e*
H: u‘r
H Iy
u z u

Graph 79
e e
Z
Y [,l+
u u

Graph 88
e e
N H

ETI

Graph 103 Graph 104

produced by GRACEFIG

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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In an input file

e Model:MSSM with R,

 J
o
o
Graph 1
et d
Ve
t—l et
d w
Ve
Graph 9
et e
d
oy Ve
d z
Ve
Graph 15
et d
/\\/ Ve
< by
t et
w
d
Ve
Graph 24
et d
~< Ve
< by
t 5+
2w €
d
Ve
Graph 31

/b
d r,/r+l\,ﬂve

Graph 51

produced by GRACEFIG

EW=4, QCD=0
Initial= {et, d}
Final= {e™T, d, ve, U.}

Graph 2
et d
Ve
f—l et
d H*-<
Ve
Graph 10
e &
d
de Ve
d z
Ve
Graph 16
et d
_‘< Ve
< b
T 1 1 et

[}
I
<
@

Graph 25

e d
~< Ve

b
5 2

H <
Ve

o

Graph 32

‘b
d ,,,,r*i»_,ve

Graph 52

Graph 4
et d
Ve
fz et
d w
Ve
Graph 11
e+

Graph 27

e" d
'< e
.0
tlz Ve
d
Ve

Z
d d
Graph 55
et Ue
w Ve
e
e+
Y
d d

# of generated diagrams

e 237 in covariant gauge
e 164 in unitary gauge

Graph 7

e+
e+
t Ve
d z
Ve

Graph 13

e+
<§ ;
G
d b, <

Graph 21
d

e+
< Ve

AL
w

Ve

Graph 29

e d
< et
o
t 7 Ve
d
v

e

Graph 40
et Ve

Graph 8
et d
e+
i~2 Ve
d z
Ve
Graph 14
e" e
Ve
P
a <
Graph 22
et d
b
t. > 1 et
d <
Ve
Graph 30
e" d
'< et
e
t 7 Ve
d
Ve
Graph 41
et Ve

T. Abe (Univ. of Tokyo)
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[3] Methods of GRAPE

So far GRACE has only fundamental particles.

——> Calculation of the Proton Vertex

eip — eTX l+l_I

Elastic—

Q

2
Qmin i

(1~3 GeV?

2
B {pei(m) ~(Px Py +pz—)}
2
(pi+q++gJ}/

~

M;,.a=Mp

Elastic

MP + MT[O < Mhad< Mcut

Quasi-elastic

Workshop on Mar. 28 2000
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Elastic process
(Mhad — Mp)

e New particle 'proton’ was added into GRACE
as a fundamental particle.

e Definition of ppvy vertex

M opy= ep (Fl(cf)v“ + 5 Msz(qQ)ia“”qu>

: Anomalous magnetic moment of proton
F1(¢?), F»(¢?) : Independent formfactors

(GE(QQ))z Fi(¢®) + fjfin(qQ)
Gu(a®) Fi(¢®) + & F2(¢?)

Dipole-Formfactor
2
GE(CJQ) — 1 — Gu(g?)

(1 . )2 p

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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DIS process

AND
(Mhad > Mcut)

4 e cq scattering («+ GRACE amplitudes) N

[ (— Kinematics)

e Interfaced to PYTHIA to get
\_ complete hadronic final states )

quarks

Uep—>eXl+l_(S): Z /d:l:
1

Geq(i) —>€q(i)l+l_ (§>

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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Quasi-elastic process
OR

(Mp—|— Mo < Mpga < Mcut)

e General form of the proton current

e Structure functions from the
experimental data

~ b

dO' ~ L'u,yW’ul/ I

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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Two sets of the parameterization for W1, W5
are used in the cross-section calculation.

Brasse et al. (M..<2GeV)

10°F

10

o(y*p)lubl

~ 600.0
U
& 3
a 3
ps z Qxx2 = 0.3 (GEVXx2)
ol 3
) 4g0.0 b :
3
O_tot
z %
)
= Y
© 200.0
T S
oL e M e e,
9]
[u.]
[a0
) 0.0 N
1.0 1.2 1.4 1.6 1.8
W (GEV)
FIG.n

TR VT R T Al P T
1 10 100 ,1000 10000 100000
WGeV’]

The exclusive hadronic final state is simulated

by
SOPHIA
as a result of the real-photon and proton collision
1000 ¢ total
i T direct chonnel |
s multipion prod. |
rrrrrr diffraction
? 100 B R
O L
O
= | R
5 10 ¢ -
0.1 100 1000
€ [GeV]
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Cross Section Comparisons with LPAIR

Process : ep — eXputTpu~ e e e e
(at HERA energy) ?If \*vé%iu-
with Bethe-Heitler onl y W Ty

y g Yy

Detector cuts

leCut(l) —15° < 6, < 164°, E, >2GeV
(for both muons)
e Cut(2) —15° < 6, < 164°, E, > 2GeV
(for both muons)
& 15° < 0. < 164°, E. > 4GeV
\ (for scattered positron)
Elastic
GRAPE LPAIR
Cut(1) || 8.493(+0.005) x 10 8.496(+0.008) x 10
Cut(2) || 6.094(40.008) x 10! | 6.091(£0.005) x 10~
(in unit of pb)
DIS
GRACE LPAIR
No cut || 9.463(4£0.002) x 107 9.464(4£0.002) x 107
Cut(1) || 3.651(+0.005) x 10 3.649(+0.004) x 10
Cut(2) || 4.311(4+0.005) x 10! | 4.313(4+0.004) x 101!
(in unit of pb)
Quasi-elastic
GRACE LPAIR
No cut || 7.029(40.003) x 103 7.025(40.002) x 103
Cut(1) || 4.855(+0.005) x 10 4.846(£0.004) x 10
Cut(2) || 4.254(4+0.004) x 10! | 4.255(4£0.004) x 10~
(in unit of pb)

Good Agreement in all cases

within statistical error of ~ 0.1 %

Workshop on Mar. 28 2000
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[4] Program Structure

(I nput)

(grape.cards}——

integ

bases.rz

bases.result

spring

l

(spring.result] [/PYJETS/

(grp.rz)

(I'n USRSTR)

Executable file

() Input/Output file

.1z  Ntuple file

x.result ASCII file

Printed by abe from helios

Mar 26 2000 16:32:48 grape.cards Page 1
C < Arcode of cthe Lepton Beam >>  (ll:electron, -ll:positron)
KFLBEAM -11

C << Polarization of the Lepton Beam >>

c (1) (2) (3)

EPOL 0. 0. 0.

C (1) Degree of the polarization(>=-1&<=+1)

C (2) Direction of the polarization vector (polar angle in degree)
C (3) Direction of the polarization vector (azimuthal angle in degree)
C

C << Momenta of the Beam Particles(lepton/proton) in MeV/c >>

[ [}

EBEAM 27520

PBEAM 820000

[¢] [N

c

C << Process in the Proton Vertex >> (1:elastic, 2:quasi-elastic, 3:DIS)
PROCESS 1

c

C << Produced Lepton-pair >> (l:di-e, 2:di-mu, 3:di-tau)
LPAIR 2

[}
C << ISR for the Beam Lepton >> (0:0ff, 1l:on)
ISR 1

[}
C o HH R E R HH R R R R R R R R R R R
[}

C << Electroweak Dilepton Production >>

C  1:BH(direct), 2:BH, 3:QED, 4:EW(-Higgs), 5:EW(+Higgs),
C  13:C0_only, 14:20_only, 15:Higgs_only

GRASEL 3

C
C R R R R AR R H R R BB R R R R R R R R R R R R

C << BASES Parameters >>
ITMX1 4
ITMX2 10
NCALL 1200000

o}
C R R R R R R R R HR R R BRI R R R R R R R R R R R R R R
Cc

C << SPRING Parameters >>
NGEN 100
NMOD 1000

[}

C << PYTHIA parameters >>
PSTSR
PSFSR
PSBRA
PSsUP
PYDECAY
PRIPT

FRON =

C
CH#HHHH R E R R F R R R R R R R R R R
[+

C << Mass Range for the Hadronic System >>
1.08 5.

Q2P 0. 1.E20

€ mm

C << Cuts for each Final-state Particle >>
C <p/q> <e+-> <1-+> <14->
THMIN 0. 0. 0. 0.
THMAX 180.  180.  180.  180.

EMIN 0 0

EMAX
PMIN
PMAX
PTMIN
PTMAX
c -

C << Mass cuts >>
MASSLL

:F.?O I:F.?O :F.?O

HorRomo
1
N}
S}

1 1

0. 0. 0.
1.E20 1.E20 1.E20
0 0

1 1.

:EZO l:EZO .EZO

E20
.E20

e

[+

T. Abe (Univ. of Tokyo)
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[5] Examples of Calculations

/° Effect

e+p — e+p ,uf"u_ (at HERA energy)

Detector cuts (2u visible)

15° < 0, < 164°, Py > 5GeV/c
(for both muons)

e e e e e p-e e
B R
oo o, N
" ! v e d
e Y ) .

p pp P P p
BH (W) Co(y)
Y
eﬁz" QKZ € Z<Li € ZYOA z_ Real or Virtual
o T e 2T
>l V! v e u
N G ; )
BH(Y2) co@)
S
-1f
D10 ¢ Z° effect
O [01002pb
~ 10 g
2 \
Q 10 ¢
1 BH (yy)+CO(y)
10 ¢ —— BH(yy)+CO(y)+BH(yZ")+CO(Z°)

: {BH(yy)+CO(y)+BH (yZ°)+CO(Z°)} / {BH(y)+CO(Y)}

F

Ratio
Hl\)w-bU'ICD\IOO@‘Q

O 10 20 30 40 50 60 70 80 90 100
M GeV
ML
T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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CO Effect

e"'q — e"'q ,u"l',u_ (at HERA energy)

Detector cuts
18° < 6, < 160° & Py > 5GeVic
(for at least one muon) &
Pty>15GeV & 64 > 10°

-2
D 10 e
S R .
Q o= T ——
3 Ir r
Q']_O = | -
- O e
-2 -
10 | .
a4l L \ \ e
10 —*H‘\“‘\“‘\‘9‘\9"5‘\‘1"‘\‘175‘\‘?‘\‘”\‘”
0 2 4 6 8 10 12 14 16 18 20
M + - GeV
at [GeV]
8,3
< 10 ¢
— 5 ++++@@@W=M-@-ﬂ=
S : F o
{F
o 8 {F
-4 'D_ - o o _o _@_
10 3 e e,
= N o
L | |
10_5 H‘\H‘ml‘omo‘”\‘l”\“2‘\”3‘\‘”\‘”
0 20 40 60 80 100 120 140 160 180
. + -
Opening angle of u'p [deg]
T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
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[6] Summary and Prospects

e The methods and the interface for the general proton
vertex have been established.

— Dilepton production (GRAPE-Dilepton generator)
— QED Compton

— Sbottom-W production

e New processes can be (will be) easily included
not only for ep but also for pp, pp collisions.

—— Future works

T. Abe (Univ. of Tokyo) Workshop on Mar. 28 2000
ep Interactions with High E;



