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MadGolem’s motivations

It's about physics

@ Heavy colored states as a BSM hallmark:

& SUSY = | squarks&gluinos |;

Q‘ Compositeness ‘ = | sgluons&colorons |;

& | Extra dim. = | KK gluons |;

@ QCD corrections quantitatively relevant : K ~ 1.5

@ QCD corrections qualitatively relevant: scale dependence, kinematics. . .
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MadGolem’s motivations

It's about physics ...

@ Heavy colored states as a BSM hallmark:

& SUSY = | squarks&gluinos |;

Q‘ Compositeness ‘ = | sgluons&colorons

& | Extra dim. = | KK gluons |;

@ QCD corrections quantitatively relevant : K ~ 1.5

@ QCD corrections qualitatively relevant: scale dependence, kinematics. . .

...and about techniques !

@ Many models & processes <> analogue technical challenges

@ Cost & time saving, robustness, accessibility, validation, EXP-TH interchange:
MadGolem;MadLoop/MGS5 [Hirsch et al., arXiv:1103.0621]; GoSam [Cullen et al.,
arXiv:1111.2034]; HELAC-NLO [Bevilacqua et al., arXiv:1007.4918]; aMC@NLO
[Frederix et al. arXiv:1104.5613]
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MadGolem'’s architecture: modules and flowchart

\ GOLEM [ MADGRAPH | QGRAF
one-loop ‘ ‘ tree-level ‘ one-loop
NLO Real emission amplitude
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NLO
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Handling the loops
& GENERATION «—  |[GEREBH] (Nogueira]

& TRANSLATION <+ _

vertices  propagators color Lorentz structures rel. signs sym. factors

A& CALCULATION «— [(GBIBM [Binoth et al ]

NLO __ NLO
M - M[color/helicity/llffunction] X Beotor @ Brel @ BiLfunction
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Tailoring the tool phenomenology

analytical processing

@ Amplitude coefficients as _ _

complex - & - structures
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. but everything diverges @ NLO !!

vat

tree-level virtual corrections O(cve., a?)
U

MSSM renormalization

& SUSY-restoration

real corrections O(cvew 2) OS divergent real corrections O(cveq o)
(3 (3
. . & . dipoles OS subtraction
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V divergences & Renormalizatio
® _ = tree-level diagrams + O(« ) 2-point functions
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Handling the divergences

V divergences & Renormalizat
® _ = tree-level diagrams + O(« ) 2-point functions G

$Z JleNZw

with

‘ decoupled heavy colored-states ‘ [Beenakker et al, Berge et al] & SUSY restoration.
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Handling the divergences

UV divergences & Renormalization

G

) _ = tree-level diagrams + O(« ) 2-point functions “8%*7
52
- .

‘ decoupled heavy colored-states ‘ [Beenakker et al, Berge et al] & SUSY restoration.

Zyy~Ty
with

IR divergences

®

[Catani, Seymour; Catani, Dittmaier, Seymour, Trocsanyi]

& Extended -I module [Frederix, Gehrmann, Greiner '07] for novel heavy colored

particles — ’ including a-dependence ‘
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Handling the IR divergences

IR subtraction performance
o _I results [Nagy, Trécsanyi]
] _, robustly convergent | — deep into the soft/collinear region

David Lépez-Val - ITP Universitdt Heidelberg A glimpse at MadGolem: Automated NLO calculations @ BSM



A glimpse at MadGolem: the tool from de Handling the NLO amplitudes:

Handling the IR divergences

IR subtraction performance
o _I results [Nagy, Trécsanyi]
] _, robustly convergent | — deep into the soft/collinear region
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A glimpse at MadGolem: the tool from inside Handling the NLO amplitudes:

Handling the OS Divergences

Automatized Prospino OS Subtraction [Beenakker, Hopker, Spira, Zerwas]

daR*]
O(1/(p2—m?2))
ug — wrx1j + uu%ﬂLﬂZHfLL)hj

dot  — doR]

regular
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daR*]
O(1/(p2—m?2))
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Automatized Prospino OS Subtraction [Beenakker, Hopker, Spira, Zerwas]

daR*]
O(1/(p2—m?2))
ug — wrx1j + uu%ﬂLﬂZHfLL)hj

dot  — doR]

regular

o= / do™ — [d ot do™ Iy, ) — daOS(rﬁL)]
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11

uu —r ’ELLsz — ﬁL)le uu —r ﬁLﬂL X B(’ELL — )21])
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Handling the OS Divergences

Automatized Prospino OS Subtraction [Beenakker, Hopker, Spira, Zerwas]

doB s doR do B~
7 U] 7 ]0(1/@277”2))

ug — wrx1j + uu%ﬂLﬁz — UL X1J

regular

o’:/ do’R—>/ [dUR+dUR*(FﬁL)—dO’OS(F{LL)]
m—+1 m+1

uu — Up iy — GLXx1j <—  wu—aprar X Blar = x17)

do_OS __ _Born Mag I‘{‘L /7\' + < 1
( )

amz 7 (M2 —m2 ) +m2I2 M2 — m2
ur, ur, ur,

) _ of the OS poles — - to CS dipoles
@ I'y, as - = dependence cancels in the final results
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Running MadGolem

L bas &

- g
ﬁ.opez@linl‘.’:.rremote.’lin17/10pez.’v90/5creencasts!MadGu'LemﬁVSﬂbeta>cp -r Template_nlo/ stop-pair ] 1
tOpETt T T TeMT e T o TSt ST T a st Made T e St TS toppa T
lopez@linl?:/remote/1inl7/lopez/v90/screencasts/MadGolem_V90beta/stop-pair=. /bin/newprocess_snlo
Running....

o vvvew.. tar of madevent.tar Cards HTML SubProcesses bin 1ib Source Events index.html README
eVersion. txt MGMEVersion. txt

rm -f madevent.tar.gz

gzip madevent.tar

lopez@linl?:/remote/1inl7/lopez/v90/screencasts/MadGolem _V90beta/stop-pair=cd SubProcesses/
lopez@linl?:/remote/1inl7/lopez/va0/screencasts/MadGolem _VeBbeta/stop-pair/SubProcesses>ls

addintegral_driver. f finitetermssusy.f MGVersion. txt projection. f
addmothers. f fort.28 minputdipoleged.mg python_data. txt
alphas_bsm. f fort.37 myamp. f ggraf_golem.sty
auto_dsig.f fort.71 onshellsum. f qgraf_model |
check dip.f genps. f onshellsum_tmp. f gqgraf_model_counterterms ‘
check_dip_ged. f @ PO_gg_t1tlx/ ggraf_model_hdim
check_intdip. f getpdf. f PO_uux_t1tlx/ qgraf_model_loop ‘
check sa.f golem_input.dat PO_uxu_t1ltlx/ randinit
cluster.f initcluster. f P1_gqg_tltlx/ reweight. f
cluster.inc @ P1_uux_tltlx/ run.inc
coloredparticles. dat @ P1_uxu_tltlx/ @
@ makefile PZ_gg_tltlxg/ @

cuts. f makefile_dip PZ_gu_tltlxu/ setcuts,
cuts. f-def makefile dip _ged PZ_gux_tltlxux/ setscales.f

@ makefile_dlhapdf P2 ug_tltlxu/ shrinktops.f
dbook. f makefile_dynamic P2Z_uux_tltlxg/ status
dbook. inc makefile lhapdf P2Z_uxg_tltlxux/ subprac.mg
dipeole. inc makefile_lo_vegas P2_uxu_t1ltlxg/ subproc. txt
dipole inc-def makefile_mo P3_gg_tltlxg/ sudakav, inc B
L =3 [ E i

R ) et | —— ‘1@‘«'- 1
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Running MadGolem

. linsoe
File Edt View Scrollback Bookmarks Settings Help

GNU nano

pp>tltl~ @ # for L0

QCD=99 # Max QCD couplings

QEl # Max QED couplings

HDIM=0 # Max effective higher dimensional couplings
end_coup # End the couplings input

pp>tltl~ @1 # for NLO (tree-level squared)

QCD=99 # Max QCD couplings

QED=0 # Max QED couplings

HDIM=0 # Max effective higher dimensional couplings
end_coup # End the couplings input

pp>tltl~j @ # for NLO (virtual+integrated-dipole)

QCD=99 # Max QCD couplings

QEl # Max QED couplings

HDIN=0 # Max effective higher dimensional couplings
end_coup # End the couplings input

pp>tltl~j @ # for NLO (unintegrated-dipole)

QCD=99 # Max QCD couplings

QED=0 # Max QED couplings

HDIN=0 # Max effective higher dimensional couplings
end_coup # End the couplings input

done # this tells MG there are no more procs

# End PROCESS # This is TAG. Do not modify this line

E Model information 1

# Begin MODEL # This is TAG. Do not modify this line
mssm_nlo

op MR TN PR T TV o
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Running MadGolem

FIo Bk e fodlbak Beckmarks ftroo Hep

lopez@linl?:/remote/1inl7/lopez/v90/screencasts/MadGolem V98beta>cp -r Template_nlo/ stop-pair
lopez@linl?: /remote/lln17/10pez.’v9@/screencasts/MadGo"Lem ¥90beta=cd stop-pair/

.tar cf madevent.tar Cards HTML SubProcesses bin 1ib Source Events index.html README
eVersion. txt MGMEVEFSlUﬂ ™t

rm -f madevent.tar.gz

gzip madevent tar

gU75creencasts/Nad
1opez@11n17 .fremote.’lln17/10pez.’v9@/screencasts/MadGnlem Vmeetalstnp palr/SuhPmcesses>15

addintegral_driver. f finitetermssusy.f MGVersion. txt projection. f
addmothers. f fort.28 minputdipoleged.mg python_data. txt
alphas_bsm. f fort.37 myamp. f ggraf_golem.sty
auto_dsig.f fort.71 onshellsum. f qgraf_model |
check dip.f genps. f onshellsum_tmp. f gqgraf_model_counterterms ‘
check_dip_ged. f @ PO_gg_t1tlx/ ggraf_model_hdim
check_intdip. f getpdf. f PO_uux_t1tlx/ qgraf_model_loop ‘
check sa.f golem_input.dat PO_uxu_t1ltlx/ randinit
cluster.f initcluster. f P1_gqg_tltlx/ reweight. f
cluster.inc @ P1_uux_tltlx/ run.inc
coloredparticles. dat @ P1_uxu_tltlx/ @
@ makefile PZ_gg_tltlxg/ @

cuts. f makefile_dip PZ_gu_tltlxu/ setcuts,
cuts. f-def makefile dip _ged PZ_gux_tltlxux/ setscales.f

@ makefile_dlhapdf P2 ug_tltlxu/ shrinktops.f
dbook. f makefile_dynamic P2Z_uux_tltlxg/ status
dbook. inc makefile lhapdf P2Z_uxg_tltlxux/ subprac.mg
dipeole. inc makefile_lo_vegas P2_uxu_t1ltlxg/ subproc. txt
dipole inc-def makefile_mo P3_ _0g_ t'ltlxg/ sudakav, inc B
o (a3 a

mm_ﬂ IS o iR
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Running MadGolem

S e wew s

addintegral_driver.T
addmothers. f
alphas_bsm. T
auto dsig. f
check_dip. f
check_dip_ged.T
check_intdip.f
check_sa.f
cluster.f
cluster.inc
coloredparticles, dat
@

cuts.f
cuts.f-def
@

dbook. T
chook.inc
dipole.inc
dipole.inc-def
dipolesub. f
dipolesubsusy. T
done

driver.f
driver_nlo_vegas. f
epsterms. f
epstermsqed. T
epstermssusy. f
finiteterms.T
finitetermsqged.f

R
lopez@linl7: /remote/1inl7/lopez/voB/screencasts/MadGolen_Voebeta/stop-pair=cd SubPracesses/
lopez@linl7: /remote/1inl7/ lopez/vSB/screencasts,/MadGolem_V90beta/stop- pair/SubProcesses=1s

Tinitetermssusy . T
fort.28
fort.37
fort.71
genps. f

@
getpdf.f
golem_input.dat
initcluster.f

makefile
makefile dip
makefile_dip_qed
makefile_dlhapdf
makefile_dynamic
makefile_Llhapdf
makefile_lo_vegas
makefile_ma
makefile_mo_dlhapdf
makefile_mo_lhapdf
makefile nlo
makefile nlo~
makefile_nlo_vegas
makefile sa

=

f *
makefile_snlo_vegas
message.inc

FRTpe——

MGVersion.txt
minputdipaleqed.mg
myamp. T
onshellsum, f
onshellsum tmn f

P_gg_tltlx/
PO _uux_tltlx/
PO_wu_t1tlx/
P1_gg_tlilx/
P1_uwux_tltlx/
PL_uwxu_tltlx/
P2 gg_tltlxg/
P2 _gu_tltlwxu/
P2 gux_tltlxux/
P2_ug_tltlxu/
P2_uux_tltlxg/
P2_uxg_tltlxux/
P2_wu_tltlxg/
P3 gg_tltlxg/
P3_gu_tltlxu/
P3_gux_tltlxux/
P3 ug_tltlxu/
P3_wux_tltlxg/
P3 uxg_tltlxux/
P3_wxu_tltlxg/

poles_check. T
proc_os.mg

projection.ft
python_data.txt
qgraf_golem.sty
qgraf_madel
qgraf_madel_counterterms
ggraft_model_hdin
qgraf_madel_loop
randinit

reweight.f

run.inc

seteuts. f
setscales
shrinktops.f
status
subproc.mg
subproc.txt
sudakov.inc
symmetry ., f
symmetry vegas.T
transform. f
transformint.f
transformos. f
unwgt . f
vegas. T
vegas_fxn.f

xinput.mg
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ynman diagrams ONLO

° IVirtuaI corrections I — O(a) virtual gluon/gluino/squark exchange

° : quark and gluon emission off the initial partons and the

final-state squark

g

o F - .
P Ly i 3
. N ‘ L
., 3
T '\ %
A .- -

g

i) self-energy insertions; ii) vertex corrections; iii) box diagrams; iv) real emission

David Lépez-Val - ITP Universitdt Heidelberg A glimpse at MadGolem: Automated NLO calculations @ BSM



A glimpse at MadGolem — the tool in use

ynman diagrams ONLO
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° : quark and gluon emission off the initial partons and the

final-state squark

o e B
i i -
/‘ -‘\ s =3
T E g
R B e
A g b -
A ‘-, -i'-k

i) self-energy insertions; ii) vertex corrections ; iii) box diagrams; iv) real emission
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A glimpse at MadGolem — the tool in use

ynman diagrams ONLO

° IVirtuaI corrections I — O(as) virtual gluon/gluino/squark exchange

° : quark and gluon emission off the initial partons and the

final-state squark

" i t
: X - i
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o0 ed
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t t

i) self-energy insertions; ii) vertex corrections; iii) box diagrams ; iv) real emission
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A glimpse at MadGolem — the tool in use

Feynman diagrams GNLO

° IVirtuaI corrections I — O(a) virtual gluon/gluino/squark exchange

° : quark and gluon emission off the initial partons and the

final-state squark

iy F

[
4 - -

X
R
N
k.
Ay
: \
o0l 0N
= \
T 13
\
I

i) self-energy insertions; ii) vertex corrections; iii) box diagrams; iv) real emission

A glimpse at MadGolem: Automated NLO calculations @ BSM

David Lépez-Val - ITP Universitdt Heidelberg



A glimpse at MadGolem — the tool in use

Feynman diagrams GNLO

+ 1 * ‘ i
inp([field.u], idxlrz, pl) * ’

inplorentz(+1, ivlr2L1l, pl, ZERO ) *

inpcolor(l, ivlr2C3) *

inp([field.ux], idx1rl, p2) *

inplorentz(-1, ivlrllLl, p2, ZERO ) *

inpcolor(2, ivlrlC3) *

out([field.tl], idx2r3, p3) * 0
outlorentz(+0, iv2r3L0, p3, MT1 s *
outcolor(1l, iv2r3(C3) *
out([field.tlx], idx3r3, p4) *
outlorentz (-0, iv3r3L0, p4, MT1 ) *
outcolor(2, iv3r3C3) *

vertex(ivl, GG ,ONE,

[field.ux], idx1rl, -1, p2, ivlrlLl, -3, ivlrlC3,
[field.u], idx1lr2, +1, pl, ivlr2l1l, +3, iv1r2C3,

ITEERAR) B L — 0 ()05 G0 —
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A glimpse at MadGolem — the tool in use

ynman diagrams ONLO

e ) & et s

[field.u], idxlr2, +1, pl, lverLl +3, ivlr2cs,
Lfieldogl,—idnled,—alqy—eplepd—inlrld 48— lr3Ce) &
vertex(ivz2,GT1GOP ,ONE,

[field.go]l, idx2rl, +1, k1+p3, iv2rlll, +8, iv2rlc8,
[field.t], idx2r2, +1, -k1, iv2r2Ll, +3, iv2r2C3,
[field.tlx], idx2r3, -p3, iv2r3L0, -3, iv2r3C3) *
Vertex(iv3, oTId0m , UNE,
[field.tx], idx3r1l, -1, k1, iv3rlL1l, -3, iv3ri1C3,
[field.gol, idx3r2, +1, -kl+p4, iv3r2Ll, +8, iv3r2(8,
[field.tl], idx3r3, +0, -pd4, iv3r3L0, +3, 1iv3r3C3) *
vertex(ivd, GGl ,UNE,

[field.go], idx4rl, +1, -kl-p3, iv4rllLl, +8, iv4rlCs,
[field.go], idx4r2, +1, kl-p4, iv4r2L1, +8, iv4r2Ce,
[field.g], idx4r3, +2, pl+p2, iv4r3L2, +8, iv4r3C8) *
prop([Tield.qg], idx4ar3, idx1r3} ¥

propcolor(+8, ivar3C8, ivir3(8) *

TR =70 o R, —
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A glimpse at MadGolem — the tool in use

Feynman diagrams GNLO

o o

s e
[field.go], idx4r2, +1, kl-p4, iv4r2L1l, +8, 1iv4r2(s,
[field.g], idx4r3, +2, pl+p2, iv4r3L2, +8, iv4r3C8) *
prop([field.g], idx4r3, idxlr3) * ]

propcolor(+8, iv4r3C8, ivlr3C8) *
proplorentz(+2, -pl-p2, ZERO , iv4r3L2, iv1lr3L2) *
prop([field.t], 1dx3rl, 1idx2r2) *
g propcolor(+3, iv3rlC3, iv2r2C3) *
proplorentz(+1, -k1, TMASS , iv3rll1l, iv2r2L1) *
prop([field.go], idx4rl, idx2rl) *
g - propcolor(+8, iv4rlC8, iv2rlC8) *
i proplorentz(+1, kl+p3, MGO , ivdriLl, iv2rlll) *
prop([field.go], idx4r2, idx3r2) *
propcolor(+8, iv4r2C8, iv3r2C8) *
proplorentz(+1, -kl+p4, MGO , iv4r2ll, iv3r2L1)

*.-#] diagram4: !
TR NG e —— 0D © o000 ——
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A glimpse at MadGolem — the tool in use

Running MadGolem

& At this point the user is able to:

@ Select diagram topologies = detailed analysis of the virtual corrections

@ Access the analytical output in several stages = very useful for cross-checking (and to
dig out some physics!)
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A glimpse at MadGolem — the tool in use

Feynman diagrams GNLO

1
it e o o © o e e
G diagram4 = + Den( - k1 - k2, 0)*1ntM(Den(q1 TMASS2) ,Den(k3 + ql1,MG02)
,Den( - k4 + q1,MG02))*SUNF(Glul9,Glul7,Glul8)*SUNSum(Col10,3)*
SUNSum(Glul7,8)*SUNSum(Glul8,8)*SUNSum(Glul9,8)*SUNT(Glul7,Col3,
Col10)*SUNT(Glul8,Col10,Col4)*SUNT(Glul9,Col2,Coll)*GG2*scalar3*
scalar4*Pi~(-2) * ( 1/64*Spinor(k1,0,-1)*g_(2,7_,Lor5)*Spinor(k2, ]
0,1)*g_(2,7_,k4,Lor5,k3,ql)*i_ *GT1GOP1*GT1GOM2*GGI2 + 1/64*
Splnor(kl 0 -1)*g (2,7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,k4,Lor5,
k3)*i *TMASS*GT1GOP2*GT 1GOM2*GGI2 + 1/64*Spinor(kl, 0, -1)*g_(2,
7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,k4,Lor5,k3)*i_*TMASS*GT1GOP1*
GT1GOM2*GGI2 + 1/64*Spinor(kl,0,-1)*g_(2,7_,Lor5)*Spinor(k2,0,
1)*g_(2,7_,k4,Lor5,q1,ql)*i *GT1GOP1*GT1GOM2*GGI2 + 1/64*
Splnor(kl 0 -1)*g_(2,7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,k4,Lor5,
ql)*i_ *TMASS*GT1GOP2*GT 1GOM2*GGI2 + 1/64*Spinor(k1, 0, -1)*g_(2,
7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,k4,Lor5,ql)*i_*TMASS*GT1GOP1*
GT1GOM2*GGI2 + 1/64*Sp1nor(k1 0 -1)*g_(2,7_,Lor5)*Spinor(k2,0,
1)*g_(2,7_,k4, Lor5)*1_*MGO*TMASS*GT1G0P2*GTlGOM2*GG12 + 1/64*
Spinor(kl,0,-1)*g_(2,7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,ql,k4,
Lor5,k3)*i_ *GT1GOP2*GT1GOMI*GGI2 + 1/64*Spinor(kl1,0,-1)*g_(2,
7_,Lor5)*Spinor(k2,0,1)*g_(2,7_,q1,k4,Lor5,ql)*i_*GT1GOP2*
GT1GOM1*GGI2 +|1/64*Sp1nor(k1 0 -1)*g_(2,7_,Lor5)*Spinor(k2,0,
1)*u (2.7 .al.k4.Lor5)*i *MGO*GT1GOP2*GT1GOM1*GGI2 - 1/64%*

> N ) A x®
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A glimpse at MadGolem — the tool in use

nman diagrams ONLO

S L S v - o

Qon s
BUBd4(S12,MG02,MGO2) :

e T

5] BUBA4(S12,MT12,MT12) :
6] BUBdA(S12, THASS2, TMASS2) :
FUN[ 7] TADAA(MT12) :
FUN[ 8] TRIQ4(MT12,MT12,512,MT12,8,0):
FUN[ 9] TRIA4(MT12,MT12,512, TMASS2 ,MGOZ, MGDZ) «
FUN[ 10] TRIA4(MT12,512,MT12,MT12,MT12,0)
FUN[ 11] TRIJ4(MT12,512,MT12, TMASS2, THASE2, MGO2) :

#

# 2 non-zero out of 4 helicity amplitudes found
# 1 unigue helicity amplitudes found

#

NUM_HELIS :=
base_helis :=
unigue_helis
symmetry_helis
HELI[ 2]
HELT[ 3]:=[-1,
#
Referencevector = [k3b, k3b, k1, k1]:
FINAL_GRAPH_LIST := [2, 3, 4, 5, 6, 7]:
#
GRAPH_COEFF[
GRAPH_COEFF [
GRAPH_CODEFF[
GRAPH_COEFF[
GRAPH_CDEFF [
GRAPH_CDEFF [
SPINOR_FAC[ 4,

1= - 1/16*GE2¥GGI2=(S232- 2xMT 1 2% 23+ MT 127 24523%512) < (MT 1 26T 1GDP2=GT1GOML +HMT1
1= 3/16%6GZ=GGI 2% (52372 2°MT12¥523+4MT12°2+523~512) # (MT12* 6T 1G0P2+GT1G0ML+MT 12
1= 1/32*4GEZ=GGI2* (52372 2=MT12*5234MT 12 24523=512) # (- 2-MT12=GT1GOP1*GT160M2 -2
i= - 3/32-GG2*G6I2= (523M2- 2*MT 12=523+MT 124 2+523=512) =( -2#MT 12=GT 1GOP1=GT1GOMZ -
- 1/167GG2¥GGI2* (5237 2- 2-MT 12°S23+MT 127 2+523512) = -MG0 " 2"MT12*¥GT1G0P L¥GT16

1= 3/16%GGZFGGI 3% (S2372- 25MT 1245234 MT 127245 23%812) # [ - MG0" 2#MT12=GT1GOP1~GT1G0
F, k2] #InvEpbb{kl, k3) :

o S S

=
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A glimpse at MadGolem — the tool in use

Running MadGolem

lupez@llnSDc Iremuteﬂln17/10pez.’v90/5creencasts/MadGclem VQBbeta/stnp pair/GOLEMproc=perl run_golem.pl *

WoTKLnG on SUbprocess Contained dn

SGULTTGCEs e T2, thitags
Number of tree-level diagrams before topology selection: Z i
Number of higher dimensional contributions before topology selection: @
Number of one-loop diagrams hefore topology selection: 856
WARNING: 84 loop diagrams proportional to squark quartic couplings removed
Number of one-loop diagrams after topology selection: 678
WARNING: singlet-actet mixing self-energies in the S-channel automatically removed
WARNING: singlet-octet self-energies in the U-channel automatically removed
WARNING 467 S us loop diagrams with wrong power-counting on g_s were removed
1agrarﬁ‘-§ after grouping common structures: 170
Numher nf counterterm diagwams before topology selection: 18
n'feegraphs
Jcountergraphs:
;‘ nloopgraphs:
/' nhdimgraphs:
Particle names:
Particle types:
Masses:
Coleur Structure:
Colours: 33 '
1 I index: Col012,C0k022,Col4 |
%1 index: C01011,C41621,Col3 |
“Spin-Colour average * Symmetry/ factor: 256
#ek Distinct IR poles & UV peles
#HFProcess- Dependent Refe,b‘énce Vectors being used
wahmAnINE WURKING ON TREE" GRAPHS, , . *xrexxes
Making dife =
Pre processing J.nput f:.'l.es

0 MT1 MT1

——
@

aog pa azek et wa 2t

= -n-_ﬂ Bo muum e
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A glimpse at MadGolem — the tool in use

Running MadGolem

e un_solem ol - Ke o
Flo Edt Vew Tools Settings Help
Onen {joren [l sove [fsovens | @ close iido (5o | @ enlargerort [ nd et ) indprevious @ fnd  GotoLine

$scalar_tchannel = 1; %

$scalar_uchannel
$fermion_schannel
$fermion_tchannel = 1;
$fermion_uchannel
$zboson_schannel
$wboson_schannel
$aboson_schannel
$gluon_schannel

$zboson_tchannel
$wboson_tchannel
$aboson_tchannel
$gluon_tchannel

$zboson_uchannel
$wboson_uchannel
$aboson_uchannel =
$gluon_uchannel =

## specific selector for counterterm topologies: 1 if included, 0 if discarded®
$selfenergyCT
$vertexCT
$WFcorr

## specific selector for one-loop topologies: 1 if included, 0 if discarded

$boxes2
$boxes3
$boxes4
$vertices
$selfenergies
$hdimoperators
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A glimpse at MadGolem — the tool in use

Running MadGolem

i lep 13 bair o
R S Gee Semimk dewsys Simitz s

e ® - = -
e ® e o

® ® = =

® ® = ®

= ® = =

= * = =

= * = =

= ® = =

= * = =

= * = =

= * = =

. * i = mass_f98.inc

= * I = store/

e * & *  store_hdim/
7 i 'l = store_tree/
3 i e = wirtual_correc
e % 'S #  wvirtual_dummy.
8 * s e

lopez@linl7: /remute!llnl?/lopez#vgﬂlscreencasts/MadGulem Voobeta/stop- palr/GULEMproc!fur>cd store

z@1linl7: /remotes1inl7/lopez /y90/ screencast -

ct 1/ loop_11/ Lloop 15/ loop 19/ loop 22/ Lloop_26/ loop 3/ loop_33/ Lloop_37/ Ioop740/ oop_d4/
ct 2/ loop_12/ 1loop 16/ loop_2/ loop_23/ loop_27/ loop 38/ loop 34/ loop 38/ loop 41/ Lloop_ 45/
ct 3/ loop 13/ loop 17/ loop 28/ loop 24/ loop_28/ Lloop 31/ loop 35/ Lloop 39/ loop 42/ Loop 46/
1leop_ 18/ 1loop 14/ 1loop 18/ loop 21/ 1loop 25/ loop_29%/ loop 32/ Toop 36/ 1loop 4/ loop 43/ loop 5/
(B L L = o L =1 - L = i = o e [P L= = = s e
lopez@linl7:/remote/1inl7/1lopez/va0/screencasts/MadGolen_Woobeta/stop-pair/GOLEMproc/for/store/loop_l2=1s
€22 PMSS_g_12 1 1.f90 ¢22 PMSS_g 12 1 2.f30 coupl_fdd.inc Makefile_12 mass_f90.inc

a I 13 Fas - st s a b a3 L Ly

CTSERET Sl ——C 0 D G DTS —
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A glimpse at MadGolem — the tool in use

Running MadGolem

TR ERRANS

R EEEREHS

mass_f90. inc
matrixl. jpg

maxamps . inc
mng.sym

ncombs . inc
nexternal.inc
ngraphs..inc

pmass. inc

props.inc
qgraf_counter
qgraf_hdim. ou
qgraf_lo.out

qgraf_nlo.out
agraf_wfcorr.

qmass . inc

@
@

@

@

@
@
@

virtual_corre
xinput.mg A

e
Fla Edt View Scrolback Bookmarks Settings Help
opez@in50c :/remote/1in17/lopez/v90/screencasts/MadGolem_V90beta/ test-stop-pair/SubProcesses>cd P2_uxu_tltlxg/
LopezLinS0c/remote/Linl7/Lopez/v90/screencasts/MadGolen_V90beta/ test-stop-pair/SubProcesses/P2_uxu_tltlxg-ls
dipol0ll.f *
auto_dsig.f dipol0ll.ps * * p *
auto_dsig_nlo. dipol012.f * * * *
auto_dsig_nlo. f.bak dipol012.ps * * * *
card. jpg @ * < * *
* * * *
dipolsum. f * * p *
coloramps.inc dname .mg * p p *
configs.inc driver_nlo_vegas.f * < p *
coupl_90.inc driver_nlo_vegas. f.bak * < < S
@ 9 « x x *
@ @ * " o *
@ * * * *
@ getpdf * * * *
decayBW. inc golen_; 1nput dat * * * *
diagrams. html * * * *
dipol001. f intdipoles. * * * *
dipol00l.ps iproc.dat * * * *
dipol002. f Teshouche. inc * * *
dipol002.ps * * * *
dipol003. f * * * *
dipol003.ps * * * *
dipol004. f * * * *
dipol004.ps * * * *
dipol005. f * * * *
dipol005.ps * * * *
dipol006. f * * * *
dipol006.ps * * * *
dipol007. f * * * *
dipol007.ps * * * *
dipol008. f * * * *
dipol008. ps * * * *
dipol009. f * * * 4
dipol009.ps * * * *
dipol010. f * * * *
dipol010.ps * * *
Topez@Lin50c : /remote/1in17/lopez/v0/screencasts/MadGolem_V90beta/ test-stop-pair/SubProcesses/P2_uxu tlt'Lxg>l
- lins0c - stop-pair : bash - shots-mg-2013 : bash




A glimpse at MadGolem — the tool in use

Running MadGolem

Stage 1

& At this point the user is able to:

@ Select diagram topologies = detailed analysis of the virtual corrections

@ Access the analytical output in several stages = very useful for cross-checking (and to
dig out some physics!)

param_ card.dat, run_card.dat <
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A glimpse at MadGolem — the tool in use

Running MadGolem

LS =3

opez@linSac:/remote/linl7/lopez/v90/screencasts/MadGolem_VI0beta/test-stop-pair=./bin/generate_events_nlo 2 2
at Apr 6 17:39:30 CEST 2013

el

Cleaning SubProcesses....... ...c.ooivvnn.nn
Compiling libraries
working on subprocess;:

PO_uxu_tltlx walting until less then 2 jobs are running te launch, now @

PO_uux_tltlx walting until less then 2 jobs are running to launch, now @

PQ_gg_tltlx waiting until 1less then 2 jobs are running te launch, now @

PL_uxu_tltlx waiting until less then 2 jobs are running to launch, now @

P1_uux_tltlx walting until Tless then 2 jobs are running te launch, now @

P1_gg_tltlx waiting until less then 2 jobs are running te launch, now @

P2_uxu_tltlxg /usr/bin/lds dynamic variable "__constante_MOD_s_null' is zero size
susr/bin/ld: virtual_corrections.o(.text+0x75ed): unresolvable R_X86_64 323 relocation against symbol *_ const
ante MOD_s_null'
susr/bin/ld: virtual_corrections.o(.text+0x93d3): unresolvable R_XB6_64_ 325 relocation against symbol *_ const
ante MOD_s_null'
fusr/bin/ld: virtual_corrections.of.text+0xb210): unresolvable R_XB6_&4_ 325 relocation against symbol
ante MOD_s_null'
fusr/bin/ld: virtual corrections.o(.text+Bxd@53): unresolvable R_XB6_64 335 relocation against symbol °_ const
ante_MOD_s_null'

__const

Jusr/ein/ld: virtual_corrections.o(.text+0xe36T): unresolvable R_XB6_64 325 relocation against symbol *_ const
ante MOD_s_null'
fusr/bin/ld: virtual_corrections.ol.text+@xf678): unresolvable R_XB6_&4 325 relocation against symbol °_ const

ante MOD_s_null'

fusr/bin/ld: virtual _corrections.o(.text+0x1097b): unresolvable R_X86_64_325 relocation against symbol °_ cons
tante MOD_s null’

Jusr/bin/ld: virtual corrections.o(.text+0x11cB2): unresclvable R_X86 64 _325 relocation against symbol °_ cons [
tante_MOD_s_null'

fusr/bin/ld: wirtual_corrections.o(.text+8x12f87): unresclvable R_X86_64_325 relocation against symbol °__cons
tante MOD_s null' =
L]

SN - J =
ITSER N i —— )]
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A glimpse at MadGolem — the tool in use

Running MadGolem

MadGolem results
K-factor=(P1+P2+P3)/P1= 1.647
Total LO cross section 204.221
Total NLO cross section 336.318

Graph _[Cross Sect(th) [Error(fb) [Events (K) [Eft[Unwat [Luminosity
NLO CONTRIBUTION: TREE-LEVEL SQUARED

1ot 187.220] 0438 a[0.0 I 5.0
P1_uux_titlx| 22.421 0.029 0[0.0 [ 0.00|
1w tieis| 22411 0029] G600 [ 0.0
total NLO (tree-level squared) = 232051
EADING ORDER
kx| 150570 0348 0[0.0 [ 0.00|
PO_uux_titi| 26833 0035 0[00 0.00
PO_usu ﬂtlx} 26818 o.oas‘ o}oo [ 0.00 ‘ And the user
total LO = 204.221 .
LD CONTRIBUTION: Virtue prt retrieves the results !
P2_aq_tt| 104100 0448 0[0.0 0.00
[P2uux titlkg[ 236§ 0.013 0fo.x 0.00
P2_uxu_titixg [ 2.119| 0012 ofo.L 0.00|
P2 que fitbos| 02093 0003 000 0.00
[P2_uwxg_ttbaux 208 0.003 0[00 0.00
P2_qu_tithu TLies| 0043 0[0.0 0.00
P2_ug itk 1 0044 afoo 0.00

total NLO (virtual part)= 105.
NLO CONTRIBUTION: Real part

P3_qq_tilxg 1523 002 0.00
P3_uux_tltlxg 0689 0.003 0jo.0 0.00
P3_uxu_titxg 08BE| 0003 0j00 0.00

[P3_qu_tebaux 0111 0.001 0fo.o 0.00
[P3_uxa_tithux 0112 0.001 0[0.0 0.00
[ P3_ug_titbu 1986 0014] 0jo.o 0.00
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A glimpse at MadGolem — phenomenology applications

Outline

© A glimpse at MadGolem — phenomenology applications

David Lépez-Val - ITP Universitdt Heidelberg A glimpse at MadGolem: Automated NLO calculations @ BSM



A glimpse at MadGolem — phenomenology applications

Portraying BSM phenomenology

First complete fully automated NLO calculations of BSM 2 — 2
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A glimpse at MadGolem — phenomenology applications

Portraying BSM phenomenology

First complete fully automated NLO calculations of BSM 2 — 2

arXiv:1108.1250 arXiv:1203.6358
arXiv:1211.0311 arXiv:1303.0845
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A glimpse at MadGolem — phenomenology applications

Portraying BSM phenomenology

First complete fully automated NLO calculations of BSM 2 — 2

arXiv:1108.1250 arXiv:1203.6358
arXiv:1211.0311 arXiv:1303.0845

BSM phenomenology @ NLO

@ Total NLO rates and K factors
@ unconstrained Parameter space surveys

@ Anatomy of the NLO quantum effects — separated contributions for each one-loop
topology & partonic sub-channel

@ Analytical expression for the one-loop amplitudes
@ Scale dependences

@ NLO distributions & comparison to jet merging
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A glimpse at MadGolem — phenomenology applications

NLO rates & K-factors

10°f

pp — GG* 3 _:

VS =8 TeV 10

0 0 B

H/2<py, <21 10° B =

= 10’ =

= E

© 10’ E

10" 5

107 NLO,g¢  _NLO, ¢g -

5 S N S SOV BRI ] s I N N =
200 400 600 800 1000 200 400 600 800 1000

g, [GeV] g, [GeV]

Gongalves-Netto, DLV, Mawatari, Plehn, Wigmore, PRD 85 (2012) 114024 arXiv:1203.6358
[hep-ph]
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A glimpse at MadGolem — phenomenology applications

NLO rates & K-factors

10°F

pp — GG* 3 _:

VS =8 TeV 10

0 0 B

H/2<py, <21 10° B =

= 10’ =

= E

© 10’ E

10" 5

107 NLO,g¢  _NLO, ¢g -
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Gongalves-Netto, DLV, Mawatari, Plehn, Wigmore, PRD 85 (2012) 114024 arXiv:1203.6358
[hep-ph]
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@ Large rates: o ~ O(1) pb for mg = 0.5 TeV
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NLO rates & K-factors
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@ Decreasing rates & Growing K-factor with mg @_
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A glimpse at MadGolem — phenomenology applications

Portraying BSM phenomenology

First complete fully automated NLO calculations of BSM 2 — 2

arXiv:1108.1250 arXiv:1203.6358
arXiv:1211.0311 arXiv:1303.0845

BSM phenomenology @ NLO

@ Total NLO rates and K factors
@ unconstrained Parameter space surveys

@ Anatomy of the NLO quantum effects — separated contributions for each one-loop
topology & partonic sub-channel

@ Analytical expression for the one-loop amplitudes
@ Scale dependences

@ NLO distributions & comparison to jet merging
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A glimpse at MadGolem — phenomenology applications

Parameter space survey

pp — UL UL,

UL UL ULUR
MSSM benchmark
CMSSM 10.2.2
CMSSM 40.2.2
CMSSM 40.3.2
mGMSB 1.2
mGMSB 2.1.2
mAMSB 1.3

o in fb, V'S in TeV, m in GeV;
MSSM benchmarks from [Abdus Salam et al. arXiv:1109.3859]

Gongalves-Netto, DLV, Mawatari, Plehn, Wigmore, arXiv:1211.0286
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A glimpse at MadGolem — phenomenology applications

Anatomy of the virtual corrections
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& Sensitivity to threshold enhancements <—= 8 = &

@ Coulomb singularity - from long-range virtual gluon exchage
@ Log-enhancement from gluon real emission _
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A glimpse at MadGolem — phenomenology applications

Scale dependences
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@ Canonical estimate of the theory uncertainties: ﬁ

@ Remarkable scale stabilization

MG /510 ~ OBO%) = | AN /N~ 0(30%) |

@ Larger sensitivity to pugr

Binoth, Gongalves-Netto, DLV, Mawatari, Plehn, Wigmore, PRD 84 (2011)
075005 arXiv:1108.1250 [hep-ph]
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A glimpse at MadGolem — phenomenology applications

NLO distributions & Comparison to multi-jet merging
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NLO distributions & Comparison to multi-j
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@ Normalized distributions in very good agreement

@ Common to heavy particle production — [Plehn, Rainwater, Skands '07], [Alwall, de
Visscher, Maltoni '09]
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Distributions & Theoretical uncertainties
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2D distributions
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2D distributions
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One final glimpse | Take-home ideas

Take-home ideas

MadGolem

@ automates the calculation of NLO cross-sections and distributions for
generic 2 — 2 processes

@ Analytical, Feynman-diagrammatic one-loop amplitudes

o Fully automated UV renormalization, and subtraction of IR and OS
divergences

o Highly modular, independent add-on to MadGraph/MadEvent

o Tailored for BSM studies:

o | Majorana fermions ‘

o | SUSY-restoration

effective O9>4 operators ‘

° ’ most easily extendable to new models. ‘

o Tailored for NLO analyses:

° _I, scale dependences , distributions
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One final glimpse | Take-home ideas

And looking ahead . ..
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One final glimpse | Take-home ideas

Future plans

Ongoing & next-in-line progress directions

o Prepare, release & support process-specific standalone modules

o Extend the supported BSM structures & scenarios: e.g.
higher-dimensional operators for EFTs

o Consider some further phenomenology applications —
3rd generation squarks & 4 VS 5 flavor schemes ‘

o Streamlining MadGolem with the MadGraph-based tools: FeynRules,
MadAnalysis5, MadWeight, KaBoom
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One final glimpse | closure

Thanks a lot !!

MadGolem contributes to extending bridges
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Theory Experiment
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Thanks a lot !!

MadGolem contributes to extending bridges

2 W

Theory MERCI BEAUCOUP ! Experiment
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