


e BSM@NLO

® |ngredients
® How does it work!?
® Examples :

® Charged Higgs production
e SUSY QCD
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FeynRules

-

A.Alloul, N. D. Christensen, CD, C. Duhr
and B. Fuks, CPC185 (2014) 2250

‘Output : vertices
* C.Degrande



FeynRules outputs

FeynRules outputs
can be used
directly by event
generators

UFO : output with the
full information
used by several

generators

CD, C. Duhr, B. Fuks, D. Grellscheid, O. Mattelaer and T. Reiter, CPC 183 (2012) 1201
C. Degrande




UFO

Generator independent output with full model
information

Contains the list of particles, parameters,
vertices, decays (| to 2), coupling orders

vertices are split into Lorentz structures, colours
and couplings and all are included in the model!

_igs TZC; T
Used in MG5, Herwig, Gosam, Sherpa

C. Degrande



Plan

® FeynRules in a nutshell

* BSM@NLO

® |ngredients
® How does it work!?
® Examples :

® Charged Higgs production
e SUSY QCD

C. Degrande



Why NLO/Loop BSM?

® Discovery :
® | oop-induced production/decay
® NLO :Refine search strategies

® Measurement of properties/couplings : NLO
corrections

® QCD corrections are large at the LHC

® Quantification of the constraints NP should not
be limited by the th. error on EFT

C. Degrande



Madgraph5 aMC@NLO

Wide BSM support
+

Automated NLO computation

)

| Computatlon of the Ioop ,1|i'

e ———— ————————

° Matchlng with parton
shower ‘a I MC@NLO

e Computation of the born 1‘ MadFKS (IR)
@ Computation of the real “
T | S L—p

v\\,”; :
P

MG5

MadLoop

C. Degrande



MadLoop

AlTloor =N "d; Box; + » ¢; Triangle; + » b; Bubble,

+ Z a; Tadpole, + R

® Box, Triangle, Bubble and Tadpole are known
scalar integrals

® | oop computation = find the coefficients

® Tensor reduction (OPP)

® UV counterterm vertices have to be provided

C. Degrande



To be provided : R;

1 _ N (g _ _
d9g—— (a) , D; = (G + pi)° — n?

1 N (q
Rs = lim I /ddﬁ_ — (4 q,_e)
e—0 (27-‘-)

Finite set of vertices that can be computed once
for all
C. Degrande



Computed in MadlLoop :R|

Due to the & dimensional parts of the denominators

Like for the 4 dimensional part but with a different set of
integrals

~2 -2 2
n- 4 e s o (P py)
d"g—— = ——— |m; _ O
/ quD] 9 mz+mj 3 + (6)7
~2 -2
_ q (I
Ig=—t— = - 40
/ "D,D. D, y 7O,
~4 2
_ q (I
gt = — 40
/ "D,D, D, D, g O

Only R = Rj+R; is gauge invariant [ > Check

C. Degrande



Relations fixed by the Lagrangian (finite part)‘

Finite set of vertices that can be computed once
for all

C. Degrande



Renormalization

External parametersl
rxo — T+ ox,

1 1
do = (L+50Zpp)¢ + > 50ZexX

Same for the conjugate field

Internal parameters are renormalised by replacing the
external parameters in their expressions

qq (140Z44)TL
gqg (Z 1(5(13 + 35Zgg TL '> Fixed by
9999 (1 + 5048 +20Z4,)TL

C. Degrande



Renormalization conditions

On-shell scheme (or complex mass scheme):

Renormalized mass = Physical mass

Two-point function vanishes on-shell (No external
bubbles)

8ij (p —my) + i [f (0) prv— + £ (0°) prs + £5F (0%) 7= + £57 (0°) 4]
Js @ mee 5760, = ¢
PUse) me o], = o
J i 105 02) 4 5 00 me 535 %) + 137 090+ 75 ) + 22 69) )|, = 0
Similar for the vectors and scalars

C. Degrande



How does it work!?

FeynRules

Renormalize the Lagrangian

Mo e .MO
i model.gen L‘ ﬁmOdel nlol
FeynArts
Write the amplitudes

NLOCT.m ' | CD,CPC 197 (2015) 239
Compute the NLO vertices

C. Degrande



Restrictions/Assumptions

® Renormalizable Lagrangian, maximum dimension of
the operators is 4

® Feynman Gauge
¢ {fY,ua fY5} =0
® ‘t Hooft-Veltman scheme

® On-shell scheme for the masses and wave
functions

® MS by default for everything else (zero-momentum
possible for fermion gauge boson interaction)

C. Degrande



R2 :Validation

® tested™ on the SM (QCD:P. Draggiotis et al.
+QED:M.V. Garzelli et al)

® tested™ on MSSM (QCD:H.-S. Shao,Y.-].
Zhang) : test the Majorana

*Analytic comparison of the expressions

C. Degrande



UV Validation

e SM QCD :tested* (W. Beenakker, S. Dittmaier,
M. Kramer, B. Plumper)

e SM EW :tested™ (expressions given by H.-S.
Shao from A. Denner)

*Analytic comparison of the expressions

C. Degrande



Tests in event generators

e aMC@NLO

e The SM QCD has been tested by V. Hirschi
(Comparison with the built-in version)

e SM EW (MZ scheme): comparison to published
results for ME by H.-S. Shao and V. Hirschi

e Various BSM

* gauge invariance

e pole cancelation

C. Degrande



Test EVW

aa>tt~ ['QED'] == == ub>1td ['Q?D']Izz
aa>ttva ['QED'] == == U d~ >t b~ | ?ED ! —=
aa>wtw- ['QED'] == ==ug>tdb~v ['QED'] ==
ab>tw ['QED'] == == u u~>aa ['QED'] ==

d~ d > w+ w— ['QCD'] == == u u~ > e+ e- ['QED'] ==

d~ d > w+ w— ['QED'] == == u u~>9ga ['QCD QED'] ==
d~d > z z ['QCD'] == == U u~ >u u~ ['QCD QED'] ==
dN d > 7 7 [IQEDl] — == U U~ > U U~ a [IQCD QEDI -
e+ e- >t t~ a ['QED'] == == U Uu~>uu~g ['QCD QED'] ==
e+ e- >t t~ g ['QED'] == fi u u~ > w+ W_.[ QgD ] ==
gb>tw- ['QED'] == ==y u~>2za ['QED'] ==
gg>hh ['QCD'] == == u u~ >z z ['QED'] ==
gg>tty ['QED'] == == u~d>w-z ['QCD'] ==
gg>tt~yg ['QED'] == == u~ d > w— z [ ?ED ! ==
gg>ttyh ['QCD'] == == u~ U > w+ w— ['QCD'] ==
gg>ttvyh ['QED'] == == u~ U > w+ w— ['QED'] ==
hh>hh ['QED'] == fi U~ U > z Z [.QCD. fi
Lhn e e 2 e -

t t~ > w+ w- [ QED ] == —= Wt W— > h h [IQEDI] ——

Massive and massless b

C. Degrande



Future development

® EFT : done but 4F operators (in progress)
® any gauge

o UFO@NLO in Gosam (N. Greiner)

® DRED (asked by Gosam)

e UFO 2.0

C. Degrande



Plan

® FeynRules in a nutshell
e BSM@NLO
® |ngredients

® How does it work!?

0 Examples

e e — Em— n ——

® Charged Higgs productlon
e SUSY QCD
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Example |: Charged Higgs production

® Motivations :
® needed for the LHC current and future runs
® First searches in the high mass region
® First searches in the threshold region

® 4F NLO fully differential matched with parton shower

® Shape comparison with the 5F
C. Degrande
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H™ production : 4F vs 5F

C. D., M.Ubiali, M.Wiesemann and M.Zaro, |HEP 1510 (20|5)

H bt production at the 13 TeV LHC

LO,NLO+Pythia8, F=4
mp-=200 GeV, tanp=8

5FS yp2, NLO

5FS y{ (x0.1), NLO
4FS yp2, NLO

4FS y? (x0.1), NLO
5FS yp2, LO (x0.5)

5FS y;? (x0.05), LO
4FS y2, LO (x0.5)

4FS y;? (x0.05), LO

MadGraph5 aMC@NLO

200

400

107 ¢

1072 3

106

0.8
0.6

o1
0.8 |
0.6 |
' NLO/LO K-factor

e

1.5
1

05 L

45

5FSyp2, NLO ——
H™bt production at the 13 TeV LHC 5FS y2 (x0.1). NLO ——
LO,NLO+Pythia8, F=4 4FS yp2, NLO ——

mp-=200 GeV, tan3=8

| I | I |

4FS y (x0.1), NLO
5FS yp2, LO (x0.5)
5FS y; (x0.05), LO
4FS y2, LO (x0.5)
4FS y{? (x0.05), LO

MadGraph5 aMC@NLO

1L 2: Ratio over 5F =

i,
——

0

[GQVCIoser (Shape) at NLO °

|
300
) [GeV]

1 OO 200

|
400 500

C. Degrande



H™ production : 4F vs 5F

MadGraph5 aMC@NLO

107 ¢
8 . . 5FS yp2, NLO ——
H'bt production at the 13 TeV LHC ¢ y2 (x04) NLO ——
LO,NLO+Pythia8, F=4 4FSyp2, NLO —
102 L my-=200 GeV, tanp=8 4FSy? (x0.1), NLO —— |
: 5FS yp2, LO (x0.5) =====- ]
5FS y{ (x0.05), LO ------
I 4FS yp2, LO (x0.5) -==---
O 4FS y{ (x0.05), LO ===+
c 107 & e
o) C
@
o
b 4| | e
10 © REEEE
1% | Ty
anti-kt R=0.4 pt>25GeV Inl<2.5 )
106 ' '
1.2 [ yp%: Ratio over 5FS, NLO
1L
0.8 [ T e e T e
0.6 . L
1.2 [y Ratio over
1L
0.8 -
0.6 | A e
o [ S5FSNLO/
1.5 [
1L
05 L I I | |
0 50 100 150 200

pr(b1) [GeV]

Top decay

hard gluon splitting

O per bin

102 ¢

107 |

0.6

1.5

0.5 L

LO,NLO+Pythia8, F=4
mp-=200 GeV, tanp=8
anti-kt R=0.4 pt>25GeV Inl<2.5

-4 L BFS 2, NLO
:"* B5FSy (x0.3), NLO
4FS yp2, NLO

4FS y{? (x0.3), NLO

H™bt production at the 13 TeV LHC

5FS yp2, LO (x0.5) ====-==s. ‘=
5FS v (x0.15), LO :
4FS yp2, LO (x0.5)
4FS y{ (x0.15), LO

MadGraph5_ aMC@NLO

foeneean e proreseeens fresansaes froeeesan.. prosessnes fommmreenns poeemsnees foezansenes preseeeees fromresees -
_N'LOI_{EIm‘a—C'lLJ—T_'— I
— — e ———]
ﬁ —'—'_'_'_'__.—c—
! ! ! ! . !
-2 -1 0 1 2
n(o4)

more exclusive in b more different

C. Degrande



= =9

( : oo -~ 00O
OO= 01N O=Nd O0O=NA®

—

o

H™ production : 4F vs 5F

2 1
H™bt production at the 13 TeV LHC 5ES y‘r;F(i’oy:)’ Etg ] - H'bt production at the 13 TeV LHC
t 1), u
LO,NLO+Pythia8, F=4 4FSyp?Z, NLO — 1 108 L LO,NLO+Pythia8, F=4 i
mp-=200 GeV, tanp=8 4FSy{# (x0.1), NLO —— 1 - my=200 GeV, tanB=8 ]
i 5FS yp?, LO (x0.5) ===+ | - anti-ky R=0.4 pr>25GeV Inl<2.5 ]
5FS y{2 (x0.05), LO ------ E i ]
4FS yp2, LO (x0.5) --=--- ] i ]
4FS y?2 (x0.05), LO ===+ ] :F__F._—"'—_F-’_—T ““_“P"“———%
1 L
© | e
. TR _
3 - L .
] Q FRTC ——— 3
o L= IR ===t
: o ! : (@)
) B e del-l-teleieletei=fofufaffofefefefefefofeiofeiejolefofeieioafioigiialeiodofelot T T =
& AASEEISTII T ST _g
i 3] Tl
fine, - %I 5FS yp2, NLO —— 5FS yp2, LO (x0.5) ==---- %l
Lo Y LTy T 10 | 5FS y{? (x0.3), NLO —— 5FS y{? (x0.15), LO ==+ un
anti-ky R=0.4 pr>25GeV ™.~ T T8 i 4FS yp2, NLO —— 4FS yp2, LO (x0.5) === 18
Inl<2.5 15 4FS y2 (x0.3), NLO —— 4FS y2 (x0.15), LO === 14
g 15
! | ! | ! L L L - = | ! | ! ! | ! =
— Yp°: Ratio over 5FS, NLO | 1.2 [y’ Ratio over 5FS, NLO ]

_ | | | | ] - | | | . R
- NLOLO K-falctor | | | | B 1.5 | NLO/LO K-factor ]
N ERUSSNS ==~ o - f i il i _ ] 1 ] — E_
. | . | . | . | . | . 0.5 I | ! | ! | ! | ! | |
0 20 40 60 80 100 120 -2 -1 0 1 2
pr(b) [GeV] N(bo)

Only LO in 5F C. Degrande



o [pb]

[%] [%]

[%]

102

101

100 |

o
- -

H™ production : mp~m¢

Charged Higgs production at the LHC

13 TeV, NLO total cross-section :
H*Wbb ——
ixBR = = -,
T
tanB=1 —
tanf=8 —— !
tanp=30 —— !

MadGraph5_aMC@NLO

[ NLO/LO K-factor!

: s : i
— tanp=8 E Scaleunc. &= PDFunc. - - : -
E:_-_-_-_ T I R R L il i ol T _'_L_ - - = _'_'E
_ | . | ; I s | . | s | s | s i s | _
— tanB=30 : Scaleunc. L PDFunc. = - . —
: Sl ol e ol o e o s T T _'_L_ o . =C _'_';
;_ | 1 | I | | | | | ; | _:
130 140 150 160 170 180 190 200 210
mpy+ [GeV]

1607.05291 : C.D., R.
Frederix ,V. Hirschi, M.Ubiali,
M.Wiesemann and M.Zaro

C. Degrande



Example ll: Gluino pair production

CD, B. Fuks,V. Hirschi, J. Proudom and H.S. Shao, PLB 755, 82 (2016)

|2 scalar triplets
no mixing

Lsqcp = DMQEDMQL + DMQEDMQR + =gDg

2
~T ~ 2 ~T ~ 1 P
— qu qrdr — Mgpdr4r — 5M599
+v2g,| = L T(5PLg) + (aPLg)Tin + hc|
~ % (3T an - 2} 70 [1hTdn - 4T

Full QCD sector of the MSSM

C. Degrande



do [pb per bin]

Example ll: Gluino pair production

n —— : z = L
= P - "=l Qi Pythia 8 2 -E i —— LO+Pythia 8 §
- —— NLO+Pythidg=—._| | Q & L —— NLO+Pythia 8 g;
- - fLO N | o )
o S -. o :
- -= - fNLO |:' = i -= - fNLO o
: Z ég - %é
B \s =13 TeV % \s =13 TeV %
10° e © 10 o
- | (m_,m ) = (1000, 50) GeV
10t 104 |
- - ! (m,m,) = (2000, 50) GeV
10'5 :— E 10_5 - : _I_ 1=
= A LE B — —
I~ : ’; L _- - Lo |—
15 I O TN v A s DT o Sl M= e O OO e = s SRR ARSI 1 5 I ”_-:._-_-_ =T ____ ----- I T Tt TT A i
| - FTTTT ':- - r —l_
EE S — memy=aosnedy | [1] Loy LT
- - 1 (m_, m,) = (2000, 50) GeV
05 b T O U 1 0 ¥ S
[T T S N — I I I L [I—— \ |:|||:|||||| PN T T N T T T VO T T T N T T NV T T N W A A L1l

0 200 400 600 800 1000 1200 1400 1600

p.(i,) [GeV] 10020

300 400 500 600 700 800 . 900 1000
p, () [GeV]

Non flat K-factor Gluino decay

C. Degrande



More examples

Squark and sgluon production [ CD, B. Fuks, V. Hirschi, J. Proudom and H.
S.Shao, PRD 91 (2015) no.9, 094005]

GM [CD, K. Hartling, H. E. Logan,A. D. Peterson and M. Zaro, PRD 93
(2016) no.3, 035004]

Heavy neutrino [CD, O. Mattelaer, R. Ruiz and J. Turner, arXiv:1602.06957]

Spin-2 (dim-5 operators) [G. Das, CD,V. Hirschi, F Maltoni and H. S. Shao,
arXiv:1605.09359]

Top dim-6
e FCNC [CD F Maltoni,).Wang and C. Zhang, PRD 91 (2015) 034024]

® Pair prodution [D. Buarque Franzosi and C.Zhang, PRD 91 (2015) no.
11, 114010]

e tth [F Maltoni, E.Vryonidou and C. Zhang, arXiv:1607.05330]

C. Degrande



Final remarks

® Automatic BSM@NLO
® Renormalizable (Public)
® Pheno

® Spin 2

® Charged Higgs threshold
® Top EFT

® Jointly by FeynRules and Madgraph aMC@NLO
teams
C. Degrande



Back-up
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Example |: Charged Higgs production

mg+ = 200 GeV and mpg+ = 600 GeV

tan 0 = 8 but yf, y; and yyy,

NNPDF2.3 at NLO/ NNPDF3.0 at LO with 4/5F
as(Mz) = 0.118 (SF) as(Myz) = 0.1226 (4F)

mP°'® = 4.75 GeV mP°'® = 172.5 GeV
g () = 4.3377 GeV.

UR,F = HT/3:—Z\/m 2+ pr(i)?

Anti-kt AR=04 pr(j) = 25GeV,  In(j)| < 2.5.
C. Degrande



Renormalization conditions

Zero momentum scheme available for the gauge couplings

0

. 1 1 1 !
Pepy (Pr,p2) = igTy, p, [W (?9 + 502vy + 5025 R + 5025k + %5ZVIV)

+ (v“hv (K?) +7Hysh (B2) + (p1 —P2)" s (k%) + W (k:2)> }

¢ 2m 2m
0og 1

Y T 30%vv 5ZFF + 5ZFF + 7 3g02vv + R (0 +17(0) = 0

= 0.

- Only from
two-point

g/
iéZﬁF - 5525}? + ﬁ(szv,v + b (0)

By gauge invariance

functlons




How does it work!?

FeynRules :

Lren = OnShellRenormalization] LSM ,
WriteFeynArtsOutput[ Lren , Output -
GenericFile -> False]

CDOnly ->True]

FeynArts / NLOCT :

FeynRules :

Get["SMQCDreno.nlo"];
WriteUF : ounterterms -> UV$vertlist

R2Vertices -> R2$vertlist] - sarahde




Example |: Charged Higgs production

5 Flavours 4 Flavours
® mp=0 (but mpy>0) ® my>0
® |n the PDF ® Not in the PDF
® |n the running of X ® Not in the running of X
® Handle collinear ® Contributiontob
logarithms observable at LO
® (X ® (>

C. Degrande



Example |: Charged Higgs production

PR/L = (1 :|2’75>/2

my
Yt/b = V2L

sm., On-shell sc. g2 3 My
5yt/b:\/§ Ut/b —i 5mt/b:_12ﬂ-2mt/b (;+4_610g ,utR)

MS sc. s _ _V2gimy
'.__Eb "= —

v 4m2€

Type-” ZHDM Vier- = —1 (ytPR ta1115 + yp Pr, tanﬁ)

Input : -FR model
-running of the b yukawa mass

Validation : -Comparison with S. Dittmaier, M. Kramer, M. Spira
and M.Walser, PRD 83 (2011) 055005
-Recover ttH

C. Degrande



Example |: Charged Higgs production

- 2 E
- - i yp2iPY8 F=4 :
: H™bt production at the 13 TeV LHC ‘\Ytz (x0.1)'PY8 Fea :
| 4FS, NLO (+Pythi Voo PY8F=1 x|
~ =200 GeVftanB=8 ¥y (x0.1), PY8F=1  x 3
- : yp?, fNLO —— ]
i v (x0.1), INLO —e— -
E o x - x -. x E
. .
E 1 1 1 1 1 1 | | .- E
£ yp2: Ratio over fNLO pxx XX KRN KIXHX R Xy
E_ 1 1 1 1 3% xI | | _E
Eytz:RatiooverfNLO XXX XXXXXX KX X%y ]
B M x " %]
e ey
3 | E

w -

1 2
log1o[pr(sys)/GeV]

o = Hr/3= 5 37 v/mli)? + pr(i)

MadGraph5_ aMCE@NLO

O per bin

Vb2, HW++ F=4
(x0.1), HW++ F=4
Vo2, HW++ F=1
y{ (x0.1), HW++ F=1  x
Y2, fNLO

yf (x0.1), fNLO

H bt production at the 13 TeV LHC y2

4FS, NLO (+Herwig++)
my=200 GeV, tanp=8

MadGraph5 aMC@NLO

§ yp2: Ratio over fNLO

1 1
xx"""xxxxxxx’—

mnJ#7mﬂHr’”ﬂr**AQLKé:;::L—eﬂ_h_—q_rlJ_j

=g

yi%: Ratio over fNLO

X X x XXX X x XX XXXy X

o

=

2 3
log4o[pr(sys)/GeV]
0.1 1
— S < lsh £ 58

F

C. Degrande



Example |: Charged Higgs production

o(my— = 200 GeV) [fb) 2 NLO N Reduced
b
. +17.8% +12.4% +52.2% +36.3%
Inclusive 50407 [foe 42437500 421270700 28.68700 00 TOP
+17.5% +12.2% +51.9% +36.1% I
~ FO 54T 3831 3826758 26.09° 30 leptonic
> 1jy  Pythia8 | 434471097 36.6711500  36.8170%0%  25.09130 1% de cay
Herwig+-+~_.|  42.64 36.04 36.08 24.61
+10.9% +6.5% +50.4% +35.0%
- FO. 11.55;%%5) 9.761110004%7 11.22;%%0 7.79;%%57%
> 2jp  Pythia8 12.557 0% 10.677 50 11737520 812707
Herwig++ 11.03 9.33 10.09 7.00
tanj =9 # K-factor
NLO LO
o(my- = 600GeV) [fb
(s ) [ v vi Y vi
. +20.3% +13.1% +54.9% +40.1%
Inclusive 24007557 21177 08 179475000 1.3397 5. 2o
+19.9% +12.6% +54.7% +39.9%
- FO. 2.187;%88;) 1.925;%%% 1.649;%%0 1'232128'8?
> 175 PYTHIAS 21157590, 1.86971 0,  1.60175500, 119775 o
HERWIGH+ 2.077 1.836 1.570 1.175
+12.6% +5.9% +53.8% +39.2%
- FO. 0.6301120%  0.548T29%  0.5481238%  0.413739-2%
> 2j,  PYTHIAS 0.697118-7%  0.61119.8%  0.5881323%  0.443139-5%
HERWIGH+ 0.602 0.532 0.498 0.376

C. Degrande



Example |: Charged Higgs production

¥+ renorm.

1077 ¢

o per bin

1072 |
1078 |

1074 |

: NLO =
H'bt production at the 13 TeV LHC 1o .
LO/NLO(+Pythia8, F=4) NLO+PY8
mp-=200 GeV, tan=8, 4FS LO+PY8 ... B
2

| |
[ ] e . N
B

anti-kt R=0.4 pt>25GeV Inl<2.5

o
n
b=
=]
a
1 a 111 1 L1 1 11l
MadGraph5_ aMC@NLO

= yp2: Ratio over

; Vt2

: Ratio over NLO+PY8
YL LL LN N

o =

PS effects

1072 ¢
- Hbt production at the 13 TeV LHC

LO/NLO(+Pythia8, F=4)
my-=200 GeV, tanp=8, 4FS

fNLO =
fLO =@
NLO+PY8
LO+PY8 ---..-

MadGraph5_ aMC@NLO

0.5 | o

1.25 Ly Rlatio over NLOI+PY8 ' '
1E .
0.75 £
05 --ﬁm . -

. | . | . | | | =
1.25 £ E
1E
0.75 &£ ....I..-!--..!----:-ﬂ-n-ugu..ﬂ-n-n.ﬂﬂ.u.uﬂ.u.'.:'.E.D.HF.F_HP.E.?.E---P__......----__.._j
. |

ulnuuuﬂluu | |
;! 40 60

pr(b2) [GeV]

FO~PS

]
80 100 gy 120
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Example |: Charged Higgs production

- O(ypy1) / o(all)

0.06

0.05 -

0.04 -

0.03

0.02

0.01

Interference : < mg

H™bt production at the 13 TeV LHC
4FS >

my-=200 GeV LO ----..
my-=600 GeV LO -.....
my-=200 GeV NLO —
my-=600 GeV NLO ——

MadGraph5 aMC@NLO

0.1

tanB

Other terms
are enhanced

107 ¢

0.1
0.08 [
0.06 +
0.04 |
0.02 |

o~ ]

H bt production at the 13 TeV LHC Yo LO == :

Vi LO i

4FS, my-=200 GeV -YpYt LO --ee- ]
tanB=7.27 @LO (0Lo(yp?)=0L0(y{")) yp>NLO ——

tanB=7.67 @NLO (onLo(yb)=0NLO(Y1)) yENLO —— 7

Yoyt NLO —— -

MadGraph5 aMCE@NLO

More important

at low energy
C. Degrande



Example |: Charged Higgs production

102 ; 10 ¢ -
] C 2 ]
Hbt production at the 13 TeV LHC ] ~  Hbt production at the 13 TeV LHC  gg ysz(i'o’fﬁ’)j Ex ]
NLO+Pythia8/Herwig++, F=4 | - NLO+Pythia8/Herwig++, F=4 4FS y“zF(foygj’ EQ -
my-=200 GeV, tanB=8 "~ my=200 GeV, tanp=8 5FS Y2, MW+ -
108 L 103 | 22b-jet selection 5FS yt: F(goy:)% :w: T
______ 1 4FS yZ (x0.1), HW+
C C
o e
s o 107 :
Q104 | ; o :
o E o ]
5FS yp2, PY8 ] 1
5FS y{ (x0.1), PY8 —— 19 19
4FSyp2, PY8 —— 12 5 Z
4FS y2 (x0.1), PY8 2 10 F 15
10 F 5FS yp2, HW++ ===--- 0 ST i
E 5FS y2 (x0.1), HW++ =-==-- 15, s
I— 4FS yp2, HW4+ ==---- ] g _g
3 4FS y¢? (x0.1), HW++ 1S Ik
- | . | . | . | . . . . = 1076 =
1.2 [ yp?: Ratio over NLO+PY8, 5F i ’ 1.4 .
- 1.2
- 1 -
. _-:.:':_.: ;--_._._-_._.---_"'_'""'""'-": d el "_'"'" ] 0.8 &
0.6 SjSSmmmepeEs iy N A 0.6 -
1.2 [ yi?: Ratio over NLO+PY8, 5F ] 1.4
1 B ; 12 — —
¥ | R e B B PP -1 2. oo o
0.8 Fir, |, oo et o - 0.8 [ | trmemere 5
0.6 |- . | . | . | . | . | . | : | pomnec] 0.6 L | | | | | N
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5
AR(B1,Bo) AR(B4,Bo)

Shower dependent in 5F C. Degrande



Example ll: Gluino pair production

| Majorana gauge singlet (bino-like)

T 1 B
Ldecay — §XC(/9X — §mXXX

+ V2 [ — G Y, (XPLq) + (GPLX) Yyinr + h.c.}

C. Degrande



Example ll: Gluino pair production

Zero-momentum for the massive d.o.f.

Yo P as [ny  1ln as |1 m%
= —— — + — |- —log —-
Qg 2mE | 3 6 O I
agne | 1 m% Q 1 m2
stvcC = _1 S = _1 _q
" T6r L o6 uR] " 247TZ L o6 uR]

q

Finite CT to remove SUSY artificial breaking
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Example ll: Gluino pair production

Validation : Comparison with Prospino (degenerate
spectrum)

mi, = 171eV, m; =16TeV, mg, = 15TeV
No resonant squark

mg [GeV] o™ [pb] o [pb)
200 2104750 5% T3 0% 318371050 T1 3
500 15,4675 15 105 24901135007
750 12067506 53 5t 200911530 3%
1000 1608 - 107 150 e 2743107 Tyiag g
1500 6.264 - 10723000 oy, 10561078 o
2000 4217107 RS 0N 6827 10T G

C. Degrande



