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Higgs@ILC

• Most important target : 
LHC : discovery of Higgs
ILC : detailed physics for Higgs

gauge structure, Yukawa coupling
Higgs potential

• Final states : 2-, 3-, 4-bodies
large scale calculation

• High statistics experiments 
higher order calculation required



Higgs@LC:tree cross sections

2 3,4  processes 
important

Main channels

WWH vs ZZH

Higgs Potential

Yukawa coupl.



Full 1-loop RC available

Httee →−+

ZHHee →−+

Hee νν→−+ GRACE, PLB559(2003)252
Denner et al., NPB660(2003)289
GRACE, PLB571(2003)163
You et al., PLB571(2003)85
Denner et al., PLB575(2003)290

GRACE, PLB576(2003)152
Zhang et al., PLB578(2004)349

Heeee −+−+ → GRACE, PLB600(2004)65

HHee νν→−+ GRACE,  at ECFA04(Sep.2004),
LCWS05(Mar.2005)

This talk.

ZHee →−+ A.Denner, et al., ZPC56(1992) 261;
B.A.Kniehl, ZPC55(1992) 605



Higgs Potential

H H

H

H H

HH

Something required to 
provide mass
Key for the structure of 
standard model

Window to New 
Physics

Double (triple) Higgs 
production Process



Full sets Production sets
tree 1-loop tree 1-loop

27 8292 6 1754
81 19638 12 3416

Number of 
diagrams

HHee νν→−+

“1-loop” includes counter terms      non-linear gauge fixing model

Large scale computation required 
automated systems

Gauge inv. check at a few p.s. points no e-scalar, integration

μν

eν



User
input

Theorymodel
fileDiagram generator

amplitude generator

Library
CHANEL, loop

Kinematics 
library

kinematics 
code

generated code

diagram description

convergence 
information

Make 
file 
etc.

symbolic code
REDUCE, Form  etc.  

PS file

Drawer

BASES(MC integral)

SPRING (EG manager)

parameter 
file

Diagrams
(figure)

EventsCross sections 
distributions

TREE
LOOP

FORTRAN code

.fin   .mdl .rin



Relative CPU time

HHee νν→−+

TYPE #graph CPU
CT,SELF 152 0.7%
FISH 434 0.9%
VTX 1804 7.8%
BOX 734 11.1%
PEN 218 12.5%
HEX 74 67.0%
total 3416



GRACE system

• 5-, 6- point functions reduction
sum of 4-point (and lower point)fuctions

• built-in check : non-linear gauge fixing
• full EW 1-loop corrections + soft – QED
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e+e- ννＨＨ
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News for GRACE
• Two new features: 

(ACAT05, May 05, Zeuthen)
(1) Multi-precision computation/Precision control 

by HMLib (with Hitachi)
Instability in the large scale computation, e.g.,  
Gram det.～0 (in “small” phase space)

(2) Acceleration of computation by factorization 
method.
Diagram computation vs. non-diagramatic
computation(e.g., Alpha). 



Double precision
ReJ[1] =  -1.49368718239238
ReJ[x] = - 6.86111482424926E-0002 

…
ReJ[w**3]   = 93763.26727997246             Blow Up!

…
Quadruple precision
ReJ[1] = - 1.49368718238777512062307539882045
ReJ[x] = - 6.861114708877389206553392789958382E-0002
…
ReJ[w**3]   = - 1.60389378482142986480454883491878

HMLib: New FORTRAN Library for 
High-speed Multiprecision operations

• Library in FORTRAN 
• Based on Integer operations

fast  & “lost bits” information for subtraction.
Example: Loop amplitude, reduction of numerator
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Factorization method

Electroweak theory (no color)

Basic Idea

1. Collect graphs with same propagator
2. Cut graphs at the propagator
3. Calculate amplitudes of sub-graphs
4. Multiply propagator & sub-amplitudes



Conclusion
• Most of  the 1-loop full EW RCs for Higgs 

production at the ILC have been completed.
• The last one, 4-body final state process

ee nunuHH, for the study of Higgs, is reported. 
The cross section is O(100ab) and 
is less than 5% for  W>600GeV.  

• The comparison with ee ZHH, WW HH is 
done to understand the structure of the process.

• News for the GRACE system: Precision control 
and Factorization method 

)( μδ GW
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