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Overview

Different models Different processes

e SM e Gluon fusion

e 2HDM o (Bottom quark annihilation)
o MSSM

e NMSSM

Different approaches

o Analytic resummaton | s
¢ MC@NLO
e POWHEG

The resummation of logarithms b
log(pr/me) is necessary to obtain
reliable result for small pr
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Gluon fusion

Resummed pr distribution

e with exact quark mass dependence
[Bagnaschi, Degrassi, Slavich, Vicini '12; HM, Wiesemann '12; Grazzini, Sargsyan '13;
Banfi, Monni, Zanderighi '13]

¢ and with squark contributions in the MSSM

[Bagnaschi, Degrassi, Slavich, Vicini '12; HM, Wiesemann "12]

Real emission:

e Quark ¢
known analytically

[Spira, Djouadi, Graudenz, Zerwas '95]

e Squark
known analytically
[Mhlleitner, Spira '06; Bonciani, Degrassi, Vicini '07]
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Gluon fusion / virtual corrections

e Quark-gluon known analytically ¢
(at higher orders)
[Spira, Djouadi, Graudenz, Zerwas '95; Harlander, Kant '05] CILYNg
e Squark-gluon/squark g,
known analytically e
[Anastasiou, Beerli, Bucherer, Daleo, Kunszt '06;
Aglietti, Bonciani, Degrassi, Vicini '06; Muhlleitner, Spira '06] AN
e Quark-squark-gluino
semi-analytically known,
but no public code N, 0
[Anastasiou, Beerli, Daleo '08; Muhlleitner, Rzehak, Spira '10]

e Taylor expansion in the Higgs mass: m, < mq, mg, , mg,, m;
[Harlander, Steinhauser '03 '04 + Hofmann '05; Degrassi, Slavich '08]
— top-stop-gluino

o Expansion in SUSY masses: my, mq < mg, , Mg,, Mg
[Harlander, Hofmann, HM *10; Degrassi, Slavich *10 + Di Vita'11°12]
— bottom-sbottom-gluino
— top-stop-gluino
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Codes for gluon fusion

POWHEG
Implementations in POWHEG-BOX:

g9-H_quark-mass-effects, gg-H_2HDM, gg_-H_-MSSM
[1111.2854, Bagnaschi, Degrassi, Slavich, Vicini '12]

powhegbox.mib.infn.it

POWHEG-SusHi [HM unpublished] v
Amplitudes from SusHi [1212.3249; Harlander, Liebler, HM '12]

|
b j@@
Y "V
W
SS/W

<
<
<

MC@NLO

aMCSusHi [1504.06625, HM, Wiesemann *15] S0V
cp3.irmp.ucl.ac.be/projects/madgraph/wiki/aMCSusHi
Script for MadGraph5_aMC@NLO, link to SusHi

Analytic resummation

MoRe-SusHi [1409.0531, Harlander, HM, Wiesemann "14] v v v v
Analytically resummed pr distribution at NLO+NLL
sushi.hepforge.org/moresushi

v/ = published, v = only private code
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Codes for gluon fusion
POWHEG matching scale

Implementations in POWHEG-BOX:

g9-H_quark-mass-effects, gg-H_2HDM, gg-H-MSSM
[1111.2854, Bagnaschi, Degrassi, Slavich, Vicini '12]

powhegbox.mib.infn.it hfact

POWHEG-SusHi [HM unpublished]
Amplitudes from SusHi [1212.3249; Harlander, Liebler, HM '12]

MC@NLO

aMCSusHi [1504.06625, HM, Wiesemann '15]
cp3.irmp.ucl.ac.be/projects/madgraph/wiki/aMCSusHi
Script for MadGraph5_aMC@NLO, link to SusHi

shower scale

Analytic resummation

MoRe-SusHi [1409.0531, Harlander, HM, Wiesemann '14] resummation scale
Analytically resummed pr distribution at NLO+NLL
sushi.hepforge.org/moresushi
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Scale determination

BV method

[Bagnaschi, Vicini]

HMW method

[Harlander, HM, Wiesemann]

Restrict resummation to region in
which the collinear approximation is
valid — deviation between mairix
element and collinear approximation
should be smaller than 10%

mpy = 125 GeV

— top
HQEFT

bottom

O ] S interference
O L

) 50 100 150 200 250 300
P (Gev)
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MSSM (mf-scenario), pp @ 13 TeV
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pr distribution can be negative!

Too large Q overemphasizes the
Sudakov contribution
= large cross section at small pr

unitarity constraint:

do NLO+NLL
[ () o
T

= compensation at large pr
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Scale determination

BV method HMW method
[Bagnaschi, Vicini] [Harlander, HM, Wiesemann]
bottom

Restrict resummation to region in
which the collinear approximation is
valid — deviation between mairix
element and collinear approximation
should be smaller than 10%

(do™®S/dpr) / (do*/dpy)

100 150 200 250 300
pr(GeV]

mpy = 125 GeV

top bottom interference

— top

HQEFT
bottom 2
. - interference
O L0 § st
g
Sl
0.5 53 Quoe - 64 GeV
g Qo = 66 GeV
8 05F Quos = 68 Gev 1
Qros =70 GeV - - - -
----- Qyes = 72 GeV
0.0 - R - 0
0 50 100 150 200 250 300 L L L L
p'j (GeV) 100 150 200 250 300 350
pr(GeV]
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BV vs. HMW

Preliminary
.
e Both methods do not dependent on the
S ] scenario!
bottom, BV
120 top, HMW —— ]

i MW — - - Only dependence: Higgs mass me

100 Fbottom, HMW --------

60 |-

scale in GeV
@
3
T

wf e Large threshold effect for BV,
Ny ’ - much less pronounced for HMW
0 1‘00/ s \;00 e Agreement up to a factor of two

mg in GeV
pseudo-scalar Higgs

140 [ top, BV —— T T T Bottom

bottom BY « Differences are below 20%
o Bottom scales smaller than the top

120 F  top, HMW ——
int, HMW - - -
100 [ bottom, HMW ----

% ok scales, but larger than my
% 60 [

200 ¢ Large differences

0 0 = 160 260 3‘00 42)0 52)0 600

mg in GeV
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Running the codes

3 different matching scales = 5 runs of the code:

ot(Qt) + 06(Qp) + [06+:(Qint) — ot(Qint) — o6 (Qint)]

SusHi-related codes:
Input file in the SLHA format, similar to a SusHi input file:

Block MORESUSHI

1 50000 # Number of integrations
Block DISTRIB2

1 1.d0 # Minimal Higgs pT in GeV

2 100.d0 # Maximal Higgs pT in GeV

5 1.d0 # Stepsize of Higgs pT in GeV
Block MORESUSHIKEYS

1 1 # gluon-gluon channel: 0=off, l=on

2 1 # gluon-quark channel: 0=off, 1=on

3 1 # quark-quark channel: O=off, l=on

11 0 # heavy-top approximation: O=off, I=on

Block SCALES

4 68.d0 # Resummation scale Qres in GeV
Block SUSHI

1 0 # Chosen model: 0=SM, 1=MSSM, 2=2HDM

2 11 # ll=scalar, 2l=pseudo-scalar

3 0 # Particle collider: O=pp, l=ppbar

4 13000.d0 # center-of-mass energy in GeV
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Comparison in the SM

Preliminary

| Approach | Method |
doldp+(e) 1/0 [1/GeV] POWHEG HMW

107" E ggH@LHC 13 TeV | ! ! J '

| SM, My=125 GeV — AR HilWscales ] MC@NLO HMW

- MC@NLO, HMW-scales

POWHEG, HlWscales | analytic resummation | HMW

dofdp+(¢) 1/0 [1/GeV]
10" T ggHELHC 13 TeV |

104

T T T
—— POWHEG, HMW-scales

\ large-top, M=125 GeV/ POWHEG, BV-scales
" .- INLO

i
&

2
&

000 === 000 -t
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I I
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pr(¢) [GeV]

000 ~mnoo0 Ann
SorNroRoR D
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. . |
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o
o
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Hendrik Mantler, Radcor-Loopfest 2015, UCLA, June 15-19, 2015 10/13



Comparison in the 2HDM

Preliminary

do/dp(¢) 1/0 [1/GeV]
T T T T

-1 T T
10 \EQQH@LHC 13 TeV — AR, HMW-scales
Scenario B, M=300 GeV ... MC@NLO, HMW-scales

-- POWHEG, HMW-scales _|
- fNLO

102

108

104

10

L L L L
100 150 200 250
pr(9) [GeV]

Il Il
300 350 400

Scenario B from [1312.5571, Harlander,
Muhlleitner, Rathsman, Spira, Stal '13]

tang = 40 = Bottom is dominant
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Approach | Method |

POWHEG HMW

MC@NLO HMW
analytic resummation | HMW

do/dp(9) 1/0 [1/GeV]

107 FggH&LAHC 15 Tev |
“Scenario B, My=300 GeV

10

—— POWHEG, HMW-scales
POWHEG, BV-scales
--- INLO

000 ~ms 00O mom
RoR-NAD AoBaNAD

L

L L L L 1iEd
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pr(¢) [GeV]
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Comparison in the 2HDM

Preliminary
| Approach | Method |
do/dpr(9) 1/ [1/GeV] POWHEG HMW
107 £ ggH@LAC 13 TeV | i ! ! i i
4 'g::ge'im, MA=27: GeV ... :/I?:gmg,sﬁzﬁ-scales M C@ NLO . HMW
3 POWHEG, HMW-scales analytic resummation HMW

dofdpy(e) 1/0 [1/GeV]

1 T T T T T ]
10 9gH®LHC 13 TeV — POWHEG, HMW-scales
\large-int, MA=270 GeV POWHEG, BV-scales

.- fNLO

d et Il Il
0 50 100 150 200 250 300 350 400
pr(¢) [GeV]

Scenario with a large interference term

; . .
0 50 100 150 200 250 300 350 400
pr(9) [GeV]
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Comparison in the NMSSM

Preliminary
10' T T T T T 10° T T T T T
gg-H,@LHC 13 TeV POWHEG+PYTHIA6 —— gg—A{@LHC 13 TeV POWHEG+PYTHIA6 ——
AR = = - AR = = -
3 100: NLO = = - 3 s 101k NLO = = - o
[ [
2 107 g
= = 10~2
=] o
~ 102 <
= =
[-% Q 10-3
k=) k=]
B 10° ®
©° ° "
104 -

1.6 1.6

1.4 1.4

1.2 1.2

1 1

0.8 0.8

0.6 0.6

0.4 I L I L L 0.4

94 } } } } } 94

1.4 B 1.4

1.2 FEr T 1.2

1 - e 1

0.8 0.8

0.6 0.6

0.4 1 1 1 L L 0.4

0 50 100 150 200 250 300 0 50 100 150 200 250 300
pr[GeV] pr[GeV]
HMW-scales for all approaches

Parameters:

tang =2, A. = —20 GeV, A = 0.62, . = 200 GeV, my+ = 400 GeV,
m;, = 544.7 GeV, m;, =941.2 GeV, mp, = 749.4 GeV, mp, = 757.4 GeV,
Ms =1.5TeV, kK = 0.5, my, = 297.5 GeV, ms, = 166.5 GeV
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Conclusion

o Codes for three different approaches (POWHEG, MC@NLO and analytic
resummation)

e Two independent methods (BV and HMW) to determine the matching
scales

o Study of the 2HDM including a comparison between the different
approaches and methods ongoing

o New codes for the NMSSM will be available soon

o What about the squark contributions?
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Conclusion

o Codes for three different approaches (POWHEG, MC@NLO and analytic
resummation)

e Two independent methods (BV and HMW) to determine the matching
scales

o Study of the 2HDM including a comparison between the different
approaches and methods ongoing

o New codes for the NMSSM will be available soon

o What about the squark contributions?

Thanks for your attention!
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Backup
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Matching scales

me [GeV] HMW [GeV] BV [GeV]
Model (page)

Q| Qo | Qut | Wt | W | Wint

SM (10) 125 45 | 21 31 48 18 9
2HDM (11+17) 300 59 | 39 | 47 | 111 | 38 | 23
2HDM (12+18) 270 57 | 37 | 44 | 110 | 35 | 22

NMSSM (13,left) 297.5 59 | 39 | 47 - - -

NMSSM (13,right) 166.5 49 | 27 | 35 - - -
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Comparison in the 2HDM

Preliminary
| Approach | Method |
do/dpy(¢) 1/0 [1/GeV] POWHEG HMW
107" E ggH@LHC 13 TeV | ! ! T I
\“]gjge'mpy My\=30eO GeV .. :/I?:gmg,sﬁzﬁ-scales M C@ N LO . H MW
102 s POWHEG, HiiW-scales | analytic resummation | HMW

doldpy(¢) 1/0 [1/GeV]
107" E ggH@LAC 13 TeV |

—— MC@NLO, HMW-scales ]

\Jarge-top, M=300 GeV MC@NLO, BV-scales
3 .- fNLO
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Comparison in the 2HDM

Preliminary

doldpy(9) 1/0 [1/GeV]

107 £ ggH@LAC 13 TeV |
| large-int, Ma=270 GeV
)

T T T T
—— AR, BV-scales
........ MC@NLO, BV-scales
POWHEG, BV-scales
o= fNLO

pr(¢) [GeV]

Scenario with a large interference term
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Approach | Method |

POWHEG BV

MC@NLO BV
analytic resummation BV

dofdpy(e) 1/0 [1/GeV]

107 E ggH@LAC 13 TeV '
\Jarge-int, Ma=270 GeV

T T T
—— AR, HMW-scales
AR, BV-scales
- fNLO

L L
0 50 100 150 200 250 300 350 400

pr(9) [GeV]
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nalytic resummation

pr distribution at NLO+NLL:

<do_)NLO+NLL 7 do’NLO B |:do_logs:| N |:do_res:|
dpr dpr dor Jnio dor ] i,

SM, my = 125.6 GeV, pp @ 13 TeV

1.2 T T T T T
' NLO - - - -
1 | 3
3 08 H B
[¢] .
3 \
= 0.6 v ]
& "
2 \
8 0.4 5 1
0.2 R B
0 | | L IATrAT e
0 20 40 60 80 100 120 140

pr[GeV]
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nalytic resummation

pr distribution at NLO+NLL:

dpr dpr

SM, my = 125.6 GeV, pp @ 13 TeV

1.2 T T T T T
' NLO - - - -
, NLO+NLL —— ]

do/dpr [pb/GeV]

pr[GeV]
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< do )NLO+NLL 7 do’NLO B |:do_logs
= de
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Analytic resummation

pr distribution at NLO+NLL:

()

unitarity constraint:

NLO+NLL do’NLO

de

d

NLO+NLL
uJo
/ ( dpr )
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dpor =0

|:do_logs :| |:do_res :|
- +
dor Jnio dor |y,

NLO
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Analytic resummation

pr distribution at NLO+NLL:

()

unitarity constraint:

NLO+NLL do’NLO

de

d

NLO+NLL
uJo
/ ( dpr )

new unphysical scale:

dpor =0

|: do_logs :| |:do_res :|
- +
dor Jnio dor |y,

NLO

resummation scale Q
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Analytic resummation

Suppression of the error bands for large pr:

d(pr) = {1 +expla(pr —me)]} ™', a=0.1GeV™
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MC@NLO

<@) :/dcbn {B-&- v+/d¢¥0 KMC] 74°(0)
do MC@NLO

+ / [don 1R — doRS K ] 7V°(O)

B = Born

V = virtual corrections
R = real emission

K"© = subtraction term
1{5(O) = shower

Shower scale corresponds to the starting scale of the shower
choosen event by event from a distribution
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POWHEG

s R° (@)
‘B(®s)

do = B® (¢5) dog { P A dq>,} + R'd® + Ryegdd

B*(®5) = B(®s) + V(®5) + [ do, R°(P,)

B = Born
V = virtual corrections
R = Riey + Raiv = real emission

The real emission can be split into channels that are regular (Rrg) and
divergent (Rgy,) in the limit of collinear emission

Rayy = R®+ R’
° = singular part of Ray Damping factor D(h) =
z
R' = finite part of Ry, R®=D-Ry,, R =(1-D)-Rg
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Results for analytic resummatio

pp @ 13 TeV

[1409.0531, Harlander, HM, Wiesemann ’14]

Ns(pr)

0.8

0.6

0.4

0.2

Scenario(Ma, tan g8)

dz _1do
d,OT o de
da's/dp'r
N, =
s(pr) WGem/dpr
pp @ 13 TeV

T T T
tauphobic(800,16) ——
tauphobic(800,29.5) - - - -
mhmodp(800,17) |
mhmodp(800,40)
mhmodm(800,16.5) —— o
mhmodm(800,40) ——

50 100 150 200 250 300
priGeV)
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Ns(pr)

Ns(pr)
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mhmodm(500,16.5) ——- |
h‘ghts!au(‘SOO‘IZ) —

50
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pp @ 13 TeV

T T T
tauphobic(800,16) ——
tauphobic(800,29.5) - - - - |
mhmodp(800,17)
mhmodp(800,40)
mhmodm(800,16.5) —— o
mhmodm(800,40) —— 1

100 150 200 250 300
pr1GeV)

23/13



Results for analytic resummatio

pp @ 13 TeV

[1409.0531, Harlander, HM, Wiesemann '14]

Scenario(Mj, tan 3) g osep 1
® el ) tauphobic(800,16) —— |
: . tauphobic(800,29.5) - - - -
Rs (pT) _ dos /de mhmax(300,6.5)
- 092 | mhmodp(500,17) 4
dosm /de mhmodm(500,16.5) ——
lightstau(500,12) ——
09 | | I 0 |
0 50 100 150 200 250 300
pr[GeV]
pp @ 13 TeV pp @ 13 TeV
100 T T T T T T T T
tauphobic(800,16) —— tauphobic(800,16) ——
tauphobic(800,29.5) - - - - tauphobic(800,29.5) - - - -
mhmodp(800,17) 107 | mhmodp(800,17) |
L L mhmodp(800,40) i mhmodp(800,40)
10 mhmodm(800,16.5) —— mhmodm(800,16.5) ——
_ mhmodm(800,40) —— — mhmodm(800,40) ——
& &
73 73
z z
\ \ \ s LT
0 50 100 150 200 250 300 0 50 100 150 200 250 300
pr[GeV] pr[GeV]
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The pr-shape for the bottom-quark (red, solid) and the top-bottom interfer-
ence contribution (green, dotted), normalized to the top-contribution (black,

dash-double dotted):

pp @ 13 TeV

R B e e B ELBLELa

2 only-b ——
my = 798 GeV only-b, f.0. = ==~

[ H bt-int - ]
=15 bt-int, f.0. —-—-- ]
Qo 4
o ]
L 3
Bos 5

D05 [

R C ]
f<} - ]
N ]
0 H ]
'0-5_....1....1....1....1....1....__
0 50 100 150 200 250 300

pt [GeV]
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