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pT resummation

» production of colorless particle (mass M)
> problem: pr distribution diverges at pt — 0
> reason: large logs In p%-/M2 for pr < M

as:  In(pF/M?), In*(p%/M?)
a5 i In(pT/M?), In*(pT/M?), In*(pT/M?), In*(pT/M?)

do/dpH! [pb]
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» solution: all order resummation
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Transverse momentum resummation

» developed already 30 years ago

[Parisi, Petronzio '79], [Dokshitzer, Diakonov, Troian '80], [Curci, Greco, Srivastava
'79], [Bassetto, Ciafaloni, Marchesini '80], [Kodaira, Trentadue '82], [Collins, Soper,

Sterman '85]

da(res)

/db Jo(bpr)S(b, A, B)Hn fu fy, Hn = Hy Cn C

> we use newer formulation including various improvements:

[Catani, de Florian, Grazzini '01], [Bozzi, Catani, de Florian, Grazzini '06]
» H embodies whole process dependence
> L=In(Qb2/b2) = L' = In(Q? b2/ B +1)

— reduction of impact at high pr (low b)
— unitarity constraint
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Matching

» matched (resummed) cross section:

do

2
de f.o.+l.a.

dotdpf [pb]
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Matching

» matched (resummed) cross section:

do

— =
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Matching

» matched (resummed) cross section:

do do do(res)
112 = | 53,2 T aa2
de f.o.+l.a. de f.o. de f.o.
do/dp¥ [pb]
0.02 A
0015 | B
444444 fixed order
--- logs
001 |
0.005 |
0
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Matching

» matched (resummed) cross section:

do do C10.(res)
apz =zl Tl
de f.o.+l.a. de f.o. de f.o.
do/dpt! [pb]
0.02 H T
0015 [ E
444444 fixed order
--- logs 3
001 —-— Ifo-logs| —
0.005 -
0 EL
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Matching

» matched (resummed) cross section:

do do do(res) do(res)
In2 = | 95,2 T T aa2 Tap2
de f.o.+l.a. de f.o. de f.o. de l.a.
do/dp¥ [pb]
0.02 H T
0015 | E
444444 fixed order
--- logs ]
001 £ /7 —— Ifo.-logs! E
—-.- resummed logs ]
i
0.005 i
i
j,
0 &
0
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Matching

» matched (resummed) cross section:

do do do(res) do(res)
dp2 ~ |dp2 - Tdp2 dp2
PT f.o.+l.a. PT f.o. PT f.o. PT l.a.
do/dpH [pb]
0.02 A
0015 | E
444444 fixed order
--- logs 3
001 £ /7 —— Ifo.-logs! E
—..- resummed logs
—— matched
0.005
0 R
0 20 40 60 80 100
pH [GeV]
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Matching

> unitarity (due to L — L'):

do
/ dp%— T = |:O'(t0t)i| .
d f.o.
PT f.o.+l.a.
do/dpi [pb]
0.02 T
0015 é
— matched
=g total 1
001 *;
N
0.005 £ T E
£ o E
1% R
0
0 20 40 60 80 100
i [GeV]
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Applications

>

M. Wiesemann

SM Higgs production through gluon fusion (heavy-top limit)

[Bozzi, Catani, de Florian, Grazzini '06]

Slepton pair production

[Bozzi, Fuks, Klasen '06]

Vector boson pair production: WW and ZZ

[Grazzini '06], [Grazzini, Frederix '08]

Drell-Yan

[Bozzi, Catani, Ferrera, de Florian, Grazzini '10]

SM Higgs production through gluon fusion with full mass

dependence
[Mantler, MW '12], [Grazzini, Sargsyan '13]
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Applications

>

M. Wiesemann

SM Higgs production through gluon fusion (heavy-top limit)
[Bozzi, Catani, de Florian, Grazzini '06]

Slepton pair production

[Bozzi, Fuks, Klasen '06]

Vector boson pair production: WW and ZZ

[Grazzini '06], [Grazzini, Frederix '08]

Drell-Yan

[Bozzi, Catani, Ferrera, de Florian, Grazzini '10]

SM Higgs production through gluon fusion with full mass
dependence

[Mantler, MW '12], [Grazzini, Sargsyan '13]

Recently: Higgs production through bottom annihilation
[Harlander, Tripathi, MW '14]

new: MSSM Higgs production in gluon fusion

[Harlander, Mantler, MW '14]
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2. SM vs. MSSM Higgs production
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SM vs. MSSM Higgs production

—10%= S e
g 3
— E =
© r %
0% =1
10 —~
1= -
107 =
F M,=125GeV 7
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102 E
EC o L L L L L oo 14
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\s[TeV]
» SM:
» gluon fusion by far
dominant

» bbH sizeable only with
b-tagging
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SM wvs.
» SM:

M. Wiesemann

MSSM Higgs production

—gg—A
—=-gg— h/H

=10° — s
!
5 H
,
10 AN B %
g 1S ushi @gH + 5FS bbF) T RSusHi(ggH+5FSBOF) ~ 33
= — {s= 8 TeV =l S fs=8TeV |}
X 1 N 3 102§ ' H
>4 Sk :
.Y 10p g
T T E
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o s 1
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st il 3 0o vl 3

107 tanp=5 10°E tan=30
£ M moq SCENArio E M}, mog SCENAriO N
104162 ‘ I D 10-41(32 l I T l‘103
M, [GeV] M, [GeV]
» MSSM/2HDM:

gluon fusion by far » 3 neutral Higgs: h, H and A
d(iminant > yb/y: enhanced by tan 3

bbH si.zeable only with » h: constrained to be SM-like
b-tagging » bbH/A dominant for large tan 3
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Associated H(bb) production

4-flavour scheme 5-flavour scheme
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Associated H(bb) production

4-flavour scheme 5-flavour scheme

» exclusive up to NLO » inclusive up to NNLO
[Dittmaier, Kramer, Spira '04] [Harlander, Kilgore '03]
[Dawson, Jackson, Reina, Wackeroth '04] » exclusive up to NNLO

[Buehler, Herzog, Lazopoulos,

Mueller '12]

» NLO+NLL py resummation
[Belyaev, Nadolsky, Yuan '06]
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3. bbH: NNLO-NNLL distribution in the 5FS
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bbH: Ingredients of the calculation

l do ] _ [ do ]
a2 — | an2
de f.o.+la. de f.o.
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bbH: Ingredients of the calculation

dpgr f.o.+l.a. dpg’— f.o. dpzr f.o.

» analytic pr-distribution [Ozeren '10]

» resummation coefficients from Drell-Yan
A(l), A(2), B(l) [Kodaira, Trentadue '82], C(l) [Davies, Stirling '84],
A(3) [Becher, Neubert '11], C(2) (7‘[(2)) [Catani, Cieri, de Florian, Grazzini '12]
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bbH: Ingredients of the calculation

M. Wiesemann

NeW: [Harlander, Tripathi, MW '14]

dpgr f.o.+l.a. dpg’— f.o. dpzr f.o.

analytic pr-distribution [Ozeren '10]

resummation coefficients from Drell-Yan

A(l), A(2), B(l) [Kodaira, Trentadue '82], C(l) [Davies, Stirling '84],

A(3) [Becher, Neubert '11], C(2) (H(2)) [Catani, Cieri, de Florian, Grazzini '12]

HbEH(l) =3Cr

HbPH() = 10.47 +0.08 (numerical result)
HEPHE) = Cr | (B~ 37 Cr + (38 + ) M

5269 5,2 9
+ (W v ZC3> CA}
from universal form of H(z) [Catani, Cieri, de Florian, Grazzini '13]

— see Leandro’s talk
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bbH: Ingredients of the calculation

l do ] l do ] lda(res)] lda('es)]
_ [ = + | —
dpgr f.o.+la. dpg’— f.o. dpzr f.o. dpgr l.a.

analytic pr-distribution [Ozeren '10]

v

» resummation coefficients from Drell-Yan

A(l), A(2), B(l) [Kodaira, Trentadue '82], C(l) [Davies, Stirling '84],

A(3) [Becher, Neubert '11], C(2) (H(2)) [Catani, Cieri, de Florian, Grazzini '12]
+ HbbH(1) jnd HbPH(2)

third term: modified version of HqT
[Bozzi, Catani, de Florian, Grazzini '03 '05]

v

v

[de Florian, Ferrera, Grazzini, Tommasini '11]
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bbH: Checks

» analytic pr-distribution checked against numerical H + jet
calculation at NLO [Harlander, Ozeren, MW '10]

do/dp!! [pb]
002 T

> unitarity: f%dpr = total

» for various pr, pug values 001s E

— matched
= total

> integral Qes-independent

0 20 40 "r: 80 B 100
do/dp}! [pb] HiGev)
. PT LP
» fixed order (pr — 0) = logs (pr — 0) o2 : : :
» for various ur, pug values oos b ]
» independent of Qs o ixed order
001 F ~— If.o-logs | E
0.005 E
0 - =
0 20 40 60 80 100

i (Gev]
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bbH: Results

NLO+NLL distribution:
[Harlander, Tripathi, MW '14], [Belyaev, Nadolsky, Yuan '06]

_ | do do(res) do(res)
— | dp? | Tdp? + dp2
NLO-+NLL T INLO T INLO T JINLL

do
dpzT

do/dp} [pb/GeV] do/dp} [pb/GeV]
. R —
LHC@8 TeV : LHC@8TeV |3
001 L5 Q=my/2 myy = 125.6 GeV 001 Q=my/4 myy = 1256 GeV ||
\ Ho =my Ho =my E
Qp=my/2 Qy=my/4 ]
0.001 —— NLO+NLL El 0.001 J— NLO+NLL€
0.0001 4 o001 [ 4
1e-05 1 reosh 4
1e-06 L 1 je06 L ]
le07 Lo vt v vt ] le07 Lo vt vt ]
0 50 100 150 200 250 300 0 50 100 150 200 250 300
H H
pr[GeV] pr [GeV]
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bbH: Results

NLO+NLL distribution:
[Harlander, Tripathi, MW '14], [Belyaev, Nadolsky, Yuan '06]

do _ | do dolres) dores)
dp? — | dp? | Tdp? + dp2
T INLO+NLL T INLO T INLO T INLL
H H
| doldpr [pb/GeV] | doldpr [pb/GeV]
AL B BRI BN SN SN LB L BN L BN L BN L SO L SN L L
LHC@8 TeV E . LHC@8 TeV E
001 Q = mH/2 myy = 1256 GeV | | 001 Q = mH/4 my = 1256 GeV | ]
Ho =my 3 Ho =my 3
Qy=my/2 ] Qy=my/4
0.001 —— NLO+NLL 73 0001 —— NLO+NLL 73
0.0001 0.0001 -
le-05 le-05 &
le-06 le-06 L
le07 Lo vt v vt ] 1e-07 N N S S ST
0 50 100 150 200 250 0 50 100 150 200 250 300
o H
higher order effect! [Banfi, Monni, Zanderighi '13] pr[GeV]
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bbH: Results

NNLO-+NNLL distribution:
[Harlander, Tripathi, MW '14]

do _ | da | dolres) + do(res)
dp2 dp? dp2 dp2
T INNLO+NNLL T INNLO T INNLO T INNLL

do/dp} [pb/GeV] do/dp} [pb/GeV]
T — 0.01 Frrrr e e
. LHC@8 TeV LHC@8 TeV
001 L Q=my/4 my; = 125.6 GeV my, = 125.6 GeV
ANy o =my 0008 [ o =my
S Qy=my/4
0.001 —— NNLO+NNLL 0.006 [ NNLO+NNLL Qy=myy/2

1 NNLO+NNLL Q)=my/4

0.0001
0.004
le-05

1e-06 0.002

le07 Lo v v v v v v v b v v e 0
0 50 100 150 200 250 300 0 10 20 30 40 50 60 70 80 90

P Gev] P IGeV]
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bbH: Results

Scale uncertainties:
[Harlander, Tripathi, MW '14]

do do da(ves) do.(res)
dp2 = clp2 - dp2 + dp2
T INNLO+NNLL T INNLO T INNLO T INNLL

do/dp} [pb/GeV] do/dp} [pb/GeV]
X1 e ——
. . LHC@8 TeV ] LHC@8 TeV ]
0016 | Q-variation my=1256Gev [ 0016 & Q—FNF-F,UR- my; = 125.6 GeV [
0014 [ Ho =my E 0014 | HE Ho =my E
Q=my/4 |1 variation |q =my/4 |1
0012 |- . NLO+NLL 7: 0012 |- NLO+NLL 7:
001 | & NNLO+NNLL ] 001 NNLO+NNLL ]
0008 1 ooos i
0.006 1 0006 E
0.004 1 oo ]
0.002 1 o002 E
0 vl b b b b Ly TTTT ] 0 s ool b b by v by o By y VTP ]
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90

P Gev] Pl [Gev]
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bbH: Results

Comparison to 5FS NLO+PS:
[Frederix, Frixione, Maltoni, Torielli, MW]

do/bin [pb]
analytic resum: bbH@LAC 13 TeV ' "5FS NNLO+NNLL rescaled
101 L Mp=125 GeV —enee: BFS NLO+NLL rescaled i
MUF = UR = mT/4 - 5FS HW++ NLO+PS
Bl g —o- 5FSPY8 NLO+PS
NLO-+PS: 102 | ’

pF = pr = Hr /4

MadGraph5_aMCENLO

Ll o b b b P =
0 20 40 60 80 100 120 140 160 180 200
pY [GeV]
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bbH: Results

Comparison to 4FS NLO+PS:
[Frederix, Frixione, Maltoni, Torielli, MW]

MadGraph5_aMCENLO

do/bin [pb]
analytic resum: bbH@LAC 13 TeV ' '5FS NNLONNLL rescaled
1071 L Mp=125GevV =~ -—- 4FS HW++ NLO+PS
MUF = UR = mT/4 —o- 4FS PY8 NLO+PS
NLO+PS: 102
pE = pr = Hr /4
108
104 |
n | | | |4 | | | |4 et
1.6 H T T T T T T T T T
1.4
1.2 H
08 Ee™ BRI e RPN P
06 :
0.4 £ | | | | | | | | |
1.6 & T T T T T T T T T
1.4 E
1'? A o e T 5 -
0.8 £ — T
06 Ek P
04 F

pt [GeV]
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bbH: Results

Comparison to 4FS NLO+PS:

[Frederix, Frixione, Maltoni, Torielli, MW]

do/bin [pb]

bbH@LHE 13 TeV
L My=125 GeV

analytic resum:

pF = g = mr /4
NLO—+PS:

pE = pr = Hr /4

102

108

104 L

'5FS NNLO+NNLL rescaled

——-= 4FS HW++ NLO+PS
4FS PY8 NLO+PS

) |
MadGraph5_aMCENLO

T —

. i}
vy e {11281,

R

Ry

OO =~=~000 L=
ProoavbrorORNMED

— Qshower
significantly lower
than Higgs mass
(peak around 45 GeV
, similar to uF)
(default shower scale
in MG5__aMC
distribution peaks
around 190 GeV)

M. Wiesemann (University of Ziirich)

pt [GeV]

el b b b b b b b Ly g
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4. Gluon fusion: NLO-+NLL distribution in the MSSM
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Gluon fusion: Ingredients of the calculation

» NNLO-+NNLL in heavy—top limit [Bozzi, Catani, de Florian, Grazzini '05]

» MSSM effects? — new: MoRe-SusHi (on sushi.hepforge.org)

do do_f.o. do.logs do'es

+
dpr  dpr dpr dpT

M. Wiesemann (University of Ziirich) Higgs p7 spectrum in the MSSM September 5, 2014 19 /23



Gluon fusion: Ingredients of the calculation

» NNLO-+NNLL in heavy—top limit [Bozzi, Catani, de Florian, Grazzini '05]

» MSSM effects? — new: MoRe-SusHi (on sushi.hepforge.org)

do do_f.o. do.logs do'es

M. Wiesemann

Amplitudes from SusHi
[Harlander, Liebler, Mantler '12]
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Gluon fusion: Ingredients of the calculation

» NNLO-+NNLL in heavy—top limit [Bozzi, Catani, de Florian, Grazzini '05]
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Gluon Fusion: Results

NLO+NLL ratio in the MSSM/SM (light Higgs):
[Harlander, Mantler, MW '14]

Rs(pr) = dos/dpr J Ns(pr) = dos/dpr .ZSMJ

— dosw/dpr = dosm/dpr  os
ratio to SM shape-ratio to SM
pp @ 13 TeV pp @ 13 TeV
. _'|i'g'ri'1"c'I'-I'i'g'g;'s;i,l,',',',’ ] . 0a Llight nggs |

1.02

= =
e L= [
< z
094 tauphobic(800,16) ——— | y tauphobic(800,16) ——
: tauphobic(800,29.5) - - - - 0.98 L tauphobic(800,29.5) - - - - |
mhmax(300,6.5) -+ ' mhmax(300,6.5) -
092 . mhmodp(500,17) . F mhmodp(500,17)
mhmodm(500,16.5) — 0.96 I mhmodm(500,16.5) —--—-- i
Iightstau(500,12) : lightstau(500,12) ——
0.9 PRRFIRFSRTIN RS S NS SR NS SR S n PR B PRI U S U T SRR
0 50 100 150 200 250 300 0 50 100 150 200 250 300
pr [GeV] pr [GeV]

Benchmark Scenarios from [Carena, Heinemeyer, Stal, Wagner, Weiglein '13]
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Gluon Fusion: Results

T T T 104 T T T T
tan(B) =16 —— tan(B) =16 ——
| N tan(B) =29.5 - - - - tan(B) =29.5 - - - -
I w
5 [ B .
10 % heavy Higgs pseudo-scalar
= Ty =
[ ~ Iy [+
g : $ s
s 5
(=} i=}
© el
107 k tauphobic, ma = 800 GeV 106 = tauphobic, ma = 800 GeV
; ; ; ; ; ; ; ; ; ;
T T T T T T T T T T
g tan(B) =17 —— s tan(B) = 17 ——
[N tan(B) =40 ——-- N tan(B) =40 — -
104 iy . 3 i R
~._ heavy Higgs 104 ‘ pseudo-scalar 4
s W s
5] W &
5 105 Wi 3
s 5
& &
3 g 10°
© el
106
mhmodm, ma = 800 GeV mhmodm, m = 800 GeV
107 I I 106 ! ! ! ! ! =
0 50 100 150 200 250 300 0 50 100 150 200 250 300
pr [GeV] pr [GeV]
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Gluon Fusion: Results

NLO+NLL distribution in the MSSM (left: heavy, right: pseudo-scalar):

[Harlander, Mantler, MW '14]

_ dos/dpr  asm
NS(pT) ~ dosm/dpr  os
pp @ 13 TeV
LR LA BN BN S LR 1.4 T
16 | tauphobic(800,16) —— 13

tauphobic(800,29.5) - - - -
mhmodp(800,17) -+~ 4
mhmodp(800,40)

mhmodm(800,16.5) —--—-- =

mhmodm(800,40) ——

Ns(pt)
T

0.8 [
0.6 |-
04 F heavy Higgs

oo b
0 50 100 150 200 250 300

pr [GeV]

M. Wiesemann (University of Ziirich)

Ns(pT)

Higgs pT spectrum in the MSSM

pp @ 13 TeV

pseudo-scalar

—_—
tauphobic(800, 16)
tauphobic(800,29.5) - - - -
mhmodp(800,17) -
mhmodp(800,40) —
) .....
) ——

mhmodm(800,16.5
mhmodm(800,40

50

100

150 200 250 300
pr [GeV]
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Conclusions and Outlook

Conclusions:

>

vV vV vV VY

>

bbH and gluon fusion crucial in MSSM/2HDM

bbH:

missing hard coefficient at two-loop for H(bb) determined
first calculation of NNLL pr-effects for H(bb) production
strong reduction of resummation scale dependence

consistent with NLO+PS results

remarkable agreement of 5FS NNLO+NNLL with 4FS NLO-+PS
gluon fusion:

MoRe-SusHi: MSSM effects included in analytic resummation

> h: quite SM-like
» H/A: significant shape/normalization distortion from b-loop
Outlook:

>

>

>

M. Wiesemann

first NLO4-PS in 4FS
complete differential comparison 4FS and 5FS for H(bb)
inclusion of bbH into MoRe-SusHi
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Resummation coefficients: determination of beH( )

» hard-collinear function:
be(2) be(z) 5
= + known
bb%bb( ) ( ) [Catani, Cieri, de Florian,

Ferrera, Grazzini '12]

> use unitarity:

(res) res)
tot) /de dop | |dogg +/ dp’ Tbb
f. dp% dp% dp%
f.o. l.a.
o)
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Resummation coefficients: determination of beH( )

» hard-collinear function:
be(2) be(z) 5
= + known
bb%bb( ) ( ) [Catani, Cieri, de Florian,

Ferrera, Grazzini '12]

> use unitarity:

(res) (
t t do do, b
o) /d [ bb _ d;g +/de bg
.a.
=26 1)
— numerical result: H?*"®) = 10.47 + 0.08
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Resummation coefficients: determination of HfbH’(z)

— numerical result: HEEH’(z) = 10.47 +£0.08

» recently: universal Form of H(®) determined
[Catani, Cieri, de Florian, Grazzini '13]
— for both gg- and gg-initiated processes
— process dependence: finite part of virtuals

» anlytical result from two-loop virtuals:
[Harlander, Tripathi, MW '14]

5 21 1 2
-] (3o ()

5260 5 , 9
+ ( 576 12 4<3> CA]

=10.52...
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Results

PDF+c«s uncertainties:
[Harlander, Tripathi, MW '14]

PDF uncertainties [%]
T

-10

PDF uncertainties [%]

T T T T
NLO+NLL MSTW
r  wem NNLO+NNLL MSTW

T T T
LHC@8 TeV
my =125.6GeV |
Ho = my

Qy=my /2

Pl [Gev]
PDF uncertainties [%]

T T
NLO+NLL CT10

LHC@8 TeV
10 | msm NNLO+NNLL CT10 my =125.6GeV |
Ho=my
=my/2
sEo Qp=my
0+
5L
-10 [ ]
1 1 1 1 1 1 1 1

T T T T
NLO+NLL NNPDF
= mm NNLO+NNLL NNPDF

L L L L L

T T T
LHC@8 TeV
my =125.6 GeV |
Ho =my

Qy=my /2

L L L
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pIGev]
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bbH: Results

Q=my/2vs. Q= my/4:
[Harlander, Tripathi, MW '14]

4PT | NNLO+NNLL

do do(res) do(res)
dp2 | dp2 + dp2
T INNLO T INNLO T INNLL

1 do/dp} [pb/GeV]

. do/dp} [pb/GeV]

001 e T
LHC@8 TeV
my = 125.6 GeV
0.008 Ho=my
0006 | NNLO+NNLL Qy=myy/2

s NNLO+NNLL Qy=myy/4

0.004

0.002

0 10 20 30 40 50 60 70 80 90
PHIGeV]
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0.008
0.006
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pT resummation

» determination of resummation coefficients:

» expand resummation formula in asg
» compare to small pr region of fixed order cross section

> QO << M:
Q2 (res)
Qs . /Old02 ] —/ l ] dpgr
0 dpT | vio dp? NLO
F(AD, B, W HD) = Ky In?(QF/M?) + K1 In(QF/M?) + Ko

+0(Q5/M?)

» known for Drell-Yan and gg — H up to NNLL
[Kodaira, Trentadue '82], [Davies, Stirling '84], [Catani, D'Emilio, Trentadue '88],
[de Florian, Grazzini '01], [Becher, Neubert '11], [Catani, Grazzini '11], [Catani,

Cieri, de Florian, Ferrera, Grazzini '12]
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Gluon fusion: Choosing the resummation scale

> Qp = Qi = my in SM suggested due to appearance of terms
[Grazzini, Sargsyan '13]

~ In(my/pT)

v

vanish as pr — 0 = no factorization breaking, no Sudakov logs
directly related to In(mp/my) in total rate

HOWEVER: could spoil collinear/soft approximation

= Sudakov resummation would be unsufficient

BUT: if small, treated as all other finite terms (power
corrections in pr)

» choosing Qp (and Q) — 2 proposals:
1. analyze size of finite terms
[Banfi, Monni, Zanderighi '13]

2. consider validity of collinear/soft approximation
[Bagnaschi, Vicini]

v

v

v
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(do™®S/dpr) / (do'/dpy)

Gluon fusion: Choosing the resummation scale

05

M. Wiesemann

» bad high pr matching for large Q

> due to unitarity: cross section will even become negative

» pragmatic way to determine Q: [Harlander, Mantler, MW '14]
require that cross section remains positive for @ = 2 Qg

N
Qres = 94 GeV —-——— N Ques = 42 GeV ——— -
r Qe = 96 GeV RN Qe = 44 GeV ] = 1
Ores = 98 GV bottom e -4ecev interference
Qs = 100 GeV - - - - Qres =48 GeV - - - -
r Qpes = 102 GeV —— Qres =50 GeV —-— Qres =64 GeV ———
Qres = 66 GeV
N Qrgs = 68 GeV
L N o ] Qreg=70GeV - --- ]
RN Ques =72 GeV ——
N
s N R
S N =
100 150 200 250 300 350 150 200 250 300 00 150 200 250 300 350
pr(GeV] pr(GeV] priGev]

high pr matching — Q; =49GeV, Qp = 23 GeV, Qs = 34 GeV
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(do™®S/dpr) / (do'/dpy)

Gluon fusion: Choosing the resummation scale

M. Wiesemann

» bad high pr matching for large Q

> due to unitarity: cross section will even become negative

» pragmatic way to determine Q: [Harlander, Mantler, MW '14]
require that cross section remains positive for @ = 2 Qg

e
Qres = 94 GeV —-——— Ques = 42 GeV ——— -
r Qres = 96 GeV Qpes = 44 GeV T ) 1
top Qg =98 GeV bottom ae-4scev interference
Qs = 100 GeV - - - - Qres =48 GeV - - - -
r Qres = 102 GeV —— R Qpes =50 GeV —— T Qres =64 GeV ———
Qres = 66 GeV
N Qrgs = 68 GeV
= \\‘m o =N Qres=70GeV ---- |
NN Qres =72GeV ——
N
NN N
- N =
L L L L L L 1 h T~ e d L L L L
100 150 200 250 300 350 150 200 250 300 00 150 200 250 300 350
pr(GeV] pr(GeV] pr(GeV]

high pr matching — Q; = 49 GeV,
finite terms (for p¥*°) — Q; ~ 60 GeV,
soft/collinear approx (10%) — Q; ~ 55 GeV,

(University of Ziirich)
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Qp = 23GeV, Qi = 34 GeV
Qp = Qp ~ 35GeV
Qb ~ 25 GeV
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1. size of finite terms

. iet .. .
> considered for p’f ., efficiencies
[Banfi, Monni, Zanderighi '13]

1 : :
o~ my =125 GeV =
8 -
iy m, = 173.5 GeV; m,, = 4.65 GeV 7
g 08l , ]
g S
E 7y
5 06 ;Y i
5 S/
< y
e /
§ o4 . i
=y 7/ Vi
e E )
g o2f 7 It
g _-7 27 |bP+2RelT] — -~
o oo (R —
0 . 1
1 10 100
Ptveto [GEV]

finite terms < 50% — Q: ~ 60GeV, Qp = Qs ~ 35GeV

M. Wiesemann (University of Ziirich) Higgs p7 spectrum in the MSSM September 5, 2014 9/11



2. validity of collinear approximation

> at matrixelement level for pr Higgs — more in Alessandro’s talk
[Bagnaschi, Vicini]

t-onl b-onl
y l y
14k
12|
121
10
10 \
08
. . . . . " v . . . . L piH
50 100 150 200 250 S0 POV BQ 100 150 200 250 300

max 10% deviation — Q; ~ 55GeV, Qp ~ 25 GeV
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Gluon Fusion: Results

NLO+NLL distribution in the SM:
[Harlander, Mantler, MW '14]

|: do _ |: do ] |:do("es):| + [da('es)]
Tz = |5z — |5 S
4PT | NLoNLL 4P7 InLo 47 o 4T i
SM, my = 125.6 GeV, pp @ 13 TeV PP @ 13 TeV
100 " T T T 13 T b+t T
12 F tmm g

do/dpr [pb/GeV]
(do*/dpr) / (daM/dpr)

1 0,4 | | | | | 07 | | | | |
0 50 100 150 200 250 300 0 50 100 150 200 250 300

pr [GeV] pr [GeV]
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