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LHC HIGGS XS WG 2014
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19.7 b (8 TeV) + 5.1 fb' (7 TeV)

m, = 125 GeV
Combined CMS "
u=100+0.12 | Preliminary

LHC HIGGS XS WG 2014

Untagged
u=0.87+0.16

VBF tagged
u=1.14+0.27

VH tagged
u=0.89+0.38

M, =125 GeV
MSTW2008

ttH tagged
u=276+0.99
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See talk by Z.Troscanyi...

WW

LHC HIGGS XS WG 2013

N
N

-1 T g9
=/ IO
- CC -

—

@
QO
-
>
e
®)
|_
+
oC
m
0
(@)
Ry
L

—
Q
(%)

4 |
1050 700 120 140 160 180 _ 200
My [GeV]

M. Wiesemann  (University of Ziirich) Higgs physics overview (theory perspective) September 14, 2015 4



Universitat
Zurich™"

See talk by Z.Troscanyi...

19.7 b (8 TeV) + 5.1 fo'' (7 TeV)
Combined CMS my, =125 GeV
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Backgounds (only slide)

Automatic NLO tools:
MG5_aMC@NLO [Alwall et al. '14]
Sherpa [Krauss et al.]
POWHEG-BOX [Alioli et al.'10]
HELAC-NLO [Czakon et al.]

NNLO revolution for 2—2 processes:
YY [Catani, Cieri, de Florian, Ferrera, Grazzini 'l |]
W/Zy [Grazzini, Kallweit, Rathlev, Torre 'l 3], [Grazzini, Kallweit, Rathlev 'l 5]
ZZ [Cascioli et al. '14], [Grazzini, Kallweit, Rathlev "I 5]
WW [Gehrmann et al.'14]

tt [Bernreuther, Czakon, Mitov '12], [Czakon, Mitov 'l 3], [Czakon, Fiedler, Mitov 'l 3]

NEW: NNLO+NNLL pt resummation:
YY [Cieri, Coradeschi, de Florian 'l 5]
ZZ/WW [Grazzini, Kallweit, Rathlev, MW '| 5]
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Top-physics from a Higgs physicist perspective
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Top-physics from a Higgs physicist perspective

top-quark decay (almost to 100%)

W+

b

top very unstable (decays before it can form hadrons)

— |Import background from top-pair and Wt production to Higgs physics:
obvious: ttH

also: H & WW
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ttbar and Wt at NLO

OpenlLoops+Sherpa

F.Cascioli, S.Kallweit,
S.Pozzorini,P.Maierhofer (2013);
see also R.Frederix (2013)

The separation of the ttbar and Wt processes
is quite subtle

Use of 4F and massive b-quarks allows a
unified description of the two processes
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Fig. 2 Representative tree topologies without top resonances and with
two (left) or only one (right) resonant W-boson.

O0b-jet (pi’;Il‘l,It.)—j et) [fb]

It allows a consistent study of the o and 1
jet bin relevant as a background to Higgs
production
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Finite width effects in the o-jet bin grow to
up to 40% at low pr threshold
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from talk by Massimiliano Grazzini in Warsaw 2014
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Top pair production >m<
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inclusive cross section at NNLO(+NNLL)
[Bernreuther, Czakon, Mitov 'l2], [Czakon, Mitov '| 3], [Czakon, Fiedler, Mitov 'l 3]

New method: Sector Improved Residue Subtraction Scheme (STRIPPER)
[Czakon ’10 "I 1]

NEW: fully-differential cross section at NNLO

STRIPPER [Czakon, Fiedler, Mitov '14]
Antenna Subtraction (only qq) [Abelof, Gehrmann-De Ridder, Majer "I 5]

colorful gt subtraction (only gq) [Catani, Grazzini, Torre, Sargsyan '| 5]

transverse momentum resummation for top pair system
(N)NLL [Zhu, Li, Li, Shao,Yang 'l 3]

method including azimuthal correlations [Catani, Grazzini, Torre '14]
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Top pair production >m<

t
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inclusive cross section at NNLO(+NNLL)
[Bernreuther, Czakon, Mitov 'l2], [Czakon, Mitov '| 3], [Czakon, Fiedler, Mitov 'l 3]

Let's discuss the NNLO(+NNLL) results

and their application...

colorful gt subtraction (only gq) [Catani, Grazzini, Torre, Sargsyan '| 5]

transverse momentum resummation for top pair system
(N)NLL [Zhu, Li, Li, Shao,Yang 'l 3]

method including azimuthal correlations [Catani, Grazzini, Torre '14]
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[Czakon, Fiedler, Mitov; 2013]
= Where we are

Tauatrun.mbinatinn" L =_1B.B i’ ATLAS+CMS Prelim inary July 2014 _
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from talk by David Heymes at SM@LHC 2014
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Summary of combinations of total cross section measurements

K(Jombining measurements from CDF and DO gives a \
Tevatron cross section at 1.96 TeV c-o-m of

7.60 £ 0.41(5.4%) pb , to be compared with the theoretical
calculation (NNLO+NNLL) 7.247022(3.4%)pb (Czakon et.
al).

® Combining measurements from ATLAS and CMS gives a LHC
cross section at 7 TeV c-o-m of 173 +10(5.8%) pb, to be
compared to the theoretical calculation (NNLO-+NNLL) of
172.07%2(4.1%) pb.

® The most precise measurements at 8 TeV are from the ATLAS
and CMS dilepton channel: 238 :=11(4.6%) pb and

227 4 15(6.6%) pb.
The NNLO+NNLL SM prediction is 245.87 5. (4.0%) pb.

S. Protopopescu, TOP 2013, 15t September 2013

from talk by Michal Czakon at SFB/TR9 Meeting 2014
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MC, Fiedler, Mitov, preliminary
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from talk by Michal Czakon at Radcor/Loopfest 2015
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April 2012

v T decays (N3LO)

DIS jets (NLO)
Heavy Quarkonia (NLO)
e'e jets & shapes (res. NNLO)
Z pole fit (N3LO)
Y pp —> jets (NLO)

arXiv:1307.1907 (CMS-TOP-12-022)

Vs =7 TeV; mf°® = 173.2 GeV
1 1 1 I 1 1 1 | 1 1 1 | 1 1

———
—— CMS, L=2.3fb"

- .- Top++ 2.0, ABM11

--@ = Top++ 2.0, CT10

----- % Top++ 2.0, HERAPDF1.5

---l-- Top++ 2.0, MSTW2008

—4— Top++ 2.0, NNPDF2.3

‘,lIII|III|III|IlI|II

0.112 0.114 0.116 0.118

CMS, Vs =7 TeV, L = 2.3 f’"; NNLO+NNLL for o; mP*® = 173.2 = 1.4 GeV

=—QCD 0(My)=0.1184 £ 0.0007 T
1'0 1 (')0 Default as(mz) of respective PDF set E
Q [GeV]

ABM11

First determination of the
strong coupling at NNLO

from a hadron collider
T-decays ro- MSTW2008 H

Lattice o] 5 |
| NNPDF2.3 — :I
|
|
|

CT10 H

HERAPDF1.5 H

DIS o Competitive to other I R T == — T
ete” annihilation —OT— 0.108 0.11 0.112 0.114 0.116 0.118 0.12 0.122

Z pole fits | N collider determinations ag(m)

013 with NNPDF: (g (mz) = 0.11511—8:8833
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M P
0.11 0.12

from talk by Michal Czakon at SFB/TR9 Meeting 2014
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Forward-Backward Asymmetry 4"-

How much more is the top in direction
of the Proton than the anti-top?

Tevatron A,
CDF Lepton+jets (9.4 fb™)
PRD 87, 092002 (2013) 16.4 = 4.7
CDF Dilepton (9.1 fb™
CDF Public Note 11161 1 2 = 1 3
CDF Combination (9.4 fb™)
CDF Public Note 11161 16.0 4.5
DO Lepton+jets (9.7 fb™) .
PRD 90, 072011 (2014) 10.6 3.0
DO Dileptons (9.7 fb™) .
DO note 6445-CONF (2014) 18.0=8.6
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
. NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007

20 0
Asymmetry (%)

20 40

differential

N(Ay >0) — N(Ay < 0)
N(Ay > 0) + N(Ay < 0)

Ay =y —yi

asymmetry (bin wise)

T
| NLO EXXJ
NNLQO s

DO!—O—I

m.=173.3 GeV
MSTW2008 pdf

-0

1.5 2
[Czakon, Fiedler,

.4

Mitov '14]

| m =173.3 GeV
MSTW2008 pdf

L | 1 I .

500 550 600 650 700
M., [GeV]

350 400 450

M. Wiesemann (University of Ziirich)

Higgs physics overview (theory perspective)

September 14, 2015



Forward-Backward Asymmetry 4"-

N(Ay >0) — N(Ay < 0)
N(Ay > 0) + N(Ay < 0)

How much more is the top in direction

of the Proton than the anti-top?

Ay =y —yi

Tevatron AffB
CDF Lepton+jets (9.4 fb™)

PRD 87, 092002 (2013) 1 16.4 =47
oo 28
i ‘9'41"” 10045
vt 106s00
DO Dileptons (9.7 fb™) 18.0 = 8.6

DO note 6445-CONF (2014)
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)

NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007

inclusive asymmetry:

» DO compatible with NNLO

CDF ~1.50 above NNLO

20 0 20 40
Asymmetry (%)

differential asymmetry (bin wise)

T
| NLO EXXJ
NNLQO s

DO!—O—I

m.=173.3 GeV
MSTW2008 pdf

T T

NLO B2
NNLO s
CDF +—=—

| m =173.3 GeV
MSTW2008 pdf

500 550 600 650 750
M., [GeV]

350 400

Mitov '14]

450 700

1.5 2
[Czakon, Fiedler,

M. Wiesemann (University of Ziirich)
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Single-top production
q
q I~ w
1% W _
7 th
b th t 1 ’ b/V;VVMW

t-channel s-channel Wt-associated

{ gﬁafffm/ !

data in good agreement with Monte Carlos

CMS Preliminary 190.7 fb™! (8 TeV) CMS Preliminary 19.7 fb (8 TeV)
— LRI L L L L L L L I = fFrTrrgyTITIT [Trr[rrrrrrrprrrprrrprrrproTs L
s S paa i 50.35 Data =
S 050 —— POWHEG (5FS) + Pythia6 A 8 —— POWHEG (5FS) + Pythia6 3
5 E e aMC@NLO (4FS) + Pythia8 1 5 03 e aMC@NLO (4FS) + Pythia8 —
- C wmn. COMPHEP + Pythiab ] = -mm COMPHEP + Pythia6 ]
0.4F - 0.25 ]
0.3'?'“""“ S _: ...........
02—_ nanganna, -
C T ]
0.1F
0= — CMS, 8TeV,
g 15 g T 3
‘ e 319.7fb1
gle = :
@ 05 E°0.
@ 02072060 80 100 120 140 160 180 200 220 240 070270408 08 T 72 74 76 T8 2 CMS PAS
top py (GeV] ey TOP-14-004

t-channel: cross section at NNLO [Brucherseifer, Caola, Melnikov '14]
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Single-top production

inclusive cross section:
t-channel: NNLO corrections small ~ 2%
[Brucherseifer, Caola, Melnikov '14]

very good agreement with experiment

60 | | | | | | |
LO
NLO
55 ® NNLO
P .y md2 < P <2m
5 n
O 45+
|_
(ol 40
N\
- oA
(aN 35 |
h [ |
o 30 F
25 ok
[ |
20 | | | | | | i
0 10 20 30 40 50 60 70

PT.cut

80

~ ATLAS + CMS Preliminary TOPLHCWG ™ 2i555sshamet

PRD90(2014) 112006, ATLAS-CONF-2014-007
Single top-quark production Jan2015 T SRS

JHEP12(2012) 035, JHEP06 (2014) 090

Illl

ATLAS Wt production

PLB716(2012) 142, ATLAS-CONF-2013-100
CMS Wt production

PRL110(2013) 022003, PRL112(2014) 231802 —
LHC combination, Wt production
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 ~ ]

80

ATLAS s-channel, 95%C.L.
ATLAS-CONF-2011-118, arXiv:1410.0647
CMS s-channel, 95%C.L.
CMS-PAS-TOP-13-009

4 d % e o

2

== NNLO arXiv:1404.7116
m,,= 173.2GeV, MSTW2008nnlo

scale uncertainty

60

== NLO+NNLL PRD83(2011)091503,
PRD 82 (2010)054018, PRD 81(2010) 054028
m,,= 172.5GeV, MSTW2008nnlo
Wt production: tf contribution removed
scale ® PDF @ o, uncertainty,

Total inclusive cross-section [pb]

40

II|III|II

—— NLO arXiv:1007.3492, 1406.4403
M= 1725GeV, b = p =m

Y q iops
CT10nlo, MSTWZOOSnIi), NNPDF2.3nlo (PDF4LHC)™]
il fialil malialind il Wt production: p: veto for tt removal= 60 GeV
4 * and n.=65 GeV
el e e Sy Y S

scale uncertainty

20

scale ® PDF @ «, uncertainty

—_ All exp. results are w.rt. m‘op= 172.5GeV

0 1 I 1 1 1 1 I 1 1 1 1 1 1 1 “ 1
/s [TeV]

differential cross section:
NNLO corrections still small
[Brucherseifer, Caola, Melnikov '14]

but K-factor not completely flat!

M. Wiesemann

(University of Ziirich)
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19.7 b (8 TeV) + 5.1 fb' (7 TeV)

m, = 125 GeV
Combined CMS "
u=100+0.12 | Preliminary

LHC HIGGS XS WG 2014

Untagged
u=0.87+0.16

VBF tagged
u=1.14+0.27

VH tagged
u=0.89+0.38

M, =125 GeV
MSTW2008

ttH tagged
u=276+0.99

3
Best fit cs/csS

30 40 50 60 7080 10° 0 1 2

\'s [TeV]

4
M
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Gluon Fusion

Inclusive cross section

Milestone: First N3LO computation! [Anastasiou, Duhr, Dulat, Mistlberger "I 5]

heavy-top limit (htl) } > } _____

triple virtual (real-virtual)>  real-double-virtual double-real-virtual triple real

m3; <5< S =13TeV

2
. ™m
threshold expansion around » = —2 = 1:
S
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Gluon Fusion

Inclusive cross section

Milestone: First N3LO computation! [Anastasiou, Duhr, Dulat, Mistlberger "I 5]

heavy-top limit (htl) ZD > :i@ _____

triple virtual (real-virtual)>  real-double-virtual double-real-virtual triple real

m%{§§§5213T6V

2
threshold expansion around z = WZH = 1:
“(Z"‘) =6"'(z)+ > M)A -2~
N=0
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Gluon Fusion

Inclusive cross section

Universitat
Zurich™"

Milestone: First N3LO computation! [Anastasiou, Duhr, Dulat, Mistlberger "I 5]

heavy-top limit (htl) } > j;i@ _____

triple virtual (real-virtual)?  real-double-virtual double-real-virtual

T

triple real

my <5< 8 =13TeV

2

@ threshold expansion around z = WZH = 1
o0(z) _ )+ Z N
2 ;

soft term (function of (1 — z), [log" (1 — 2)/(1 — 2)]4)
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Gluon Fusion

Inclusive cross section

Milestone: First N3LO computation! [Anastasiou, Duhr, Dulat, Mistlberger "I 5]

heavy-top limit (htl) } > j;i@ _____

triple virtual (real-virtual)>  real-double-virtual double-real-virtual triple real

T

m%{§§§5213T6V

2
My

threshold expansion around z = = 1:

A

S

G(2) -

soft term (function of §(1 — z), [log" (1 — 2)/(1 — 2)]4) functions of log™(1 — 2)
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LHC @ 13TeV ]
pp—~>h+X gluon fusion -
MSTWO08 68cl s
H=HR=HF=Mp 7
gg—-h+X subchannel -

Truncation order

from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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LHC @ 13TeV .
pp—>h+X gluon fusion -
MSTWO08 68cl .
H=HR=HF=Mp 7
gg—>h+X subchannel

" 13.11 2014
******* Next- T(r—Soft Corrections D

\
\
\
\
\
\
[Anastasmp, Duhr, Dulat, Furlan, Gehrmann,
| Herzog, Mistlberger '14]

\

\

\

\

\

1832014

Truncation order

from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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LHC @ 13TeV !
pp—>h+X gluon fusion
MSTWO08 68cl
H=HR=HF=Mp
gg—>h+X subchannel

Truncation order

from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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[Anastasiou,

Duhr, Dulat, Mistlberger "I 5]

I I

I I 4

I
1 3Te\|/ 7

I I | I I | I I
LHC @
| gg—->h+X subghannel 7

. MSTWO08 68cl
| H=UR=HF=Mp

Truncation order

from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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[Anastasiou,

Duhr, Dulat, Mistlberger "I 5]

— | — | w | — w |
LHC @ 13TeV
\

| | gg-h+X subc‘hannel .
oy :z>01 TR
| MSTWO08 680!

| H=UR=HF=Mp

I I I I 4

Truncation order

from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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[Anastasiou, Duhr, Dulat, Mistlberger "1 5]

I I
LHC @ 13TeV
pp—h+X gluon fusion
MSTWO08 68cl
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Gluon Fusion

Inclusive cross section

Conclusion: Radiative corrections in htl under control ~ 2-3% uncertainties
Other uncertainties?

top-mass effects

bottom-mass effects

EWV effects

PDFs
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Gluon Fusion

Inclusive cross section

Conclusion: Radiative corrections in htl under control ~ 2-3% uncertainties
Other uncertainties?

top-mass effects

bottom-mass effects

EW, effects

PDEs

Let's concentrate on mass effects...

M. Wiesemann  (University of Ziirich) Higgs physics overview (theory perspective) September 14, 2015 26
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Gluon Fusion

Inclusive cross section

oo
1
top-mass effects by |/m, expansion: o= Z 2k o)
k=0  top

M. Wiesemann  (University of Ziirich) Higgs physics overview (theory perspective) September 14, 2015 27
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Gluon Fusion

Inclusive cross section

top-mass effects by |/m, expansion: = Z 2k

n [Harlander, Mantler, Marzani, Ozeren ’10]
50 :
40 |-
30 F -

10 | =
20 |
-30 Fl C ] C ] ]
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Gluon Fusion

Inclusive cross section

1
v . . . k
top-mass effects by |/me, expansion: = o (k)
P m2k
k=0 = top
n [Harlander, Mantler, Marzani, Ozeren ’10]
O'gg/OO
40 i tme ;
30 1/m(t)\;-.\,.\"\..\.. ]
20 Tl ;
10 | e :
0 a '\"\.\ E
_30 Lol C ol TR
107 10 10"
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Gluon Fusion

Inclusive cross section

top-mass effects by |/m, expansion:

n [Harlander, Mantler, Marzani, Ozeren ’10]
Ogg/oo threshold

50 :““\ T T ““..“\ ‘,.\ T T T

k. P 4
40 o o /m% 1 /m;
%0 - my TRuL t
20 RPN

~NLe Lt
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Gluon Fusion

Inclusive cross section

top-mass effects by |/m, expansion:

n [Harlander, Mantler, Marzani, Ozeren ’10]
Ogg/oo threshold
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Gluon Fusion

Inclusive cross section

top-mass effects by |/m, expansion:

n [Harlander, Mantler, Marzani, Ozeren ’10]
Ogg/OO threshold
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Gluon Fusion

Inclusive cross section

top-mass effects by |/m, expansion:

n

Oy g/00

[Harlander, Mantler, Marzani, Ozeren ’10]
threshold

'?'\';~-\._'1./rn$
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“1/mt

1 /m?

|
|
|
|
|
|
|
|
|
|
|
T
|
|
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|
|
|
|
]

ogg(Mtn) /o
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[Harlander, Mantler, Marzani, Ozeren ’10]

1 1 exact
ors | NLO, pp @ 14 TeV |
105 [ 1n=0246810
1.025 [ ]
— e e
0.975 B~ —
095 [ ™ ~ 3
0925 | ™ o
9 :\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:
100 120 140 160 180 200 220 240 260 280 300

[Harlander, Mantler, Marzani, Ozeren ’10] M,,/ GeV
e —-
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Gluon Fusion

Inclusive cross section

00
v . _ 1w
top-mass effects by |/m¢p, expansion: o= 5 O
m
k=0 top [Harlander, Mantler, Marzani, Ozeren ’10]
NNLO, NNLO
(0) /O' eff
1.1 :‘ UL L IR L T T T T T “_'_:
1.075 | PPE@THTeY ;
F 1M/, n=0,...,6 :
1.05 :
1.025 | E
1 \t ______ :
0.975 | T~ ST
095 | ~ _
r ~ ]
0.925 ¢ ~
N ~
09 | P P P P P P P |

100 120 140 160 180 200 220 240 260 280 300
[Harlander, Mantler, Marzani, Ozeren ’10] M, /GeV
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Gluon Fusion

Inclusive cross section

©.@)

1
Vi = o N k
top-mass effects by |/m¢p, expansion: o= E P o)
m
k=0 top [Harlander, Mantler, Marzani, Ozeren ’10]
NNLO,; NNLO
o /o e
1.1 AL DL I I T T T T T T
1075 [ pp @ 14 TeV E
O_NNLO — O m, ) ) NNLO ' E1/M,", n=0,...,6 g
eff — top htl 105k ]
1.025 =
1 \t —————— _ :
0.975 | T~ ST
good approximation ! 0525 | -
E v b b b b b b by g by ﬁ
o o o 1 0-9 100 120 140 160 180 200 220 240 260 280 300
0 0 0 X = m2/3 [Harlander, Mantler, Marzani, Ozeren ’10] M, /GeV

— top-mass effects <| % see also: [Pak, Rogal, Steinhauser ’10]
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Gluon Fusion

Inclusive cross section

©.@)

1
v 1 . — k
top-mass effects by |/m¢p, expansion: o= E P o)
m
k=0 top [Harlander, Mantler, Marzani, Ozeren ’10]
NNLO, NNLO
(0] /o eff
1.1 [rrrrrr T T T T T T T T T ]
1075 - pp @ 14 TeV ]
O_NNLO — o m ) . NNLO ' - 1M, n=0,....6 |
eff = top htl oS E
1.025 F .
1 \t ______ _ :
0.975 | T~ ST
good approximation ! 0525 | -
E Lo b b by b b b b 1y ﬁ
o o - 1 09 100 120 140 160 180 200 220 240 260 280 300
0 0 0 X = m2/3 [Harlander, Mantler, Marzani, Ozeren ’10] M, /GeV

— top-mass effects <| % see also: [Pak, Rogal, Steinhauser ’10]
bottom-mass effects:

~7% at NLO, mainly from interference:

expected to further decrease (smaller K-factor)

assume same K-factor (~1.3) = uncertainty at most +/-2% at N3LO
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Gluon Fusion

se o UZH
Zurich
differential cross sections
NEW: NNLO corrections at large ptr ~20% (H+jet computation)
heavy-top limit:
only gluon-gluon channel
[Boughezal, Caola, Melnikov, Petriello, Schulze '1 3]
[Chen’ Gehrmann’ G|Over’Jaquier ' |4] :Boughezal, Caola, Melnikov, Petriello, Schulze 'l 5]
- T e 1150
k NLO mmm | §
all channels NNLO £
[Boughezal, Caola, Melnikov, Petriello, Schulze '15] | | NNPDF23, 8 TV 100
[Boughezal, Focke, Giele, Liu, Petriello "1 5] %
-+ 90 g}
=
fiducial cross section —
[Caola, Melnikov, Schulze ' 5] 115

=1

75 100 125 150
pJ_’H [GeV]
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Gluon Fusion

differential cross sections

top-mass effects on NLO corrections at large pr

Top-Expansion
O(1/m,)

+O(1 /mtz)

+O(1 /mf)

Vs =13TeV

50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
H
[Neumann, MW '14] pr [GeV]

Universitat
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=) ék o)

k=0 mtOp

|K: dO'NLO/dO'LO ’

see also:

[Harlander, Neumann, MWV '12]
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Gluon Fusion

differential cross sections

top-mass effects on NLO corrections at large pr

Top-Expansion
O(1/m,)

+O(1 /mtz)

+O(1 /mf)

Vs =13TeV

50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
H
[Neumann, MW '14] pr [GeV]

Universitat
Zurich™"

o=, ék o)

k=0 mtop

lK: dO'NLO/dO'LO l

~

Meop effects below ~2%

for pr< 150 GeV

see also:

[Harlander, Neumann, MW '|2]
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Gluon Fusion

differential cross sections

top-mass effects on H+jet cross section at LO

unmatched
Js =13TeV

| —
O
o
|
_~<E.._.
~—
=

Top—-Expansion
O(1/m;)
+O(1 /mtz)
+O(1 /mt4)
exact

1jet

LO

o

30 50 100 150 200 250

jet
[Neumann, MW '14] Prmin [GeV]
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Gluon Fusion

Zurich™
differential cross sections
. . —~ 1
top-mass effects on H+jet cross section at LO o= o O
k=0 top

10.0 = unmatched
‘ Js = 13TeV

matched unmatched matched unmatched

Ot ot ]1/mfop — [Utot ]1/m{fop — [021jet ]1/m{fop - [Ozljet ]1/m1’fop

[ matched

] . [ unmatched matched unmatched
O>1jet  l1/mb =

0-2 1Jet ]l/mfop _|_ [O-tOt ]1/mtl:€op . [O-tOt ]1/m1]3€Op

jet
[Neumann, MW '14] Prmin [GeV]
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Gluon Fusion

differential cross sections

top-mass effects on H+jet cross section at LO

unmatched
Js =13TeV

| —
O
o
|
_~<E.._.
~—
=

Top—-Expansion
O(1/m;)
+O(1 /mtz)
+O(1 /mt4)
exact

1jet

LO

o

30 50 100 150 200 250

jet
[Neumann, MW '14] Prmin [GeV]
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Gluon Fusion Ziirich™
differential cross sections
. . — 1
top-mass effects on H+jet cross section at LO o= o O
k=0 top

matched
Js =13TeV

| —
O
o
|
_~<E.._.
~—
=

Top-Expansion
o(1/m?)
+O(1 /mtz)
+O(1 /mt4)
exact

1jet

LO

o

30 50 100 150 200 250

jet
[Neumann, MW '14] Prmin [GeV]
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Gluon Fusion

differential cross sections

top-mass effects on H+jet cross section at LO

matched
Js =13TeV

| —
O
o
|
_~<E.._.
~—
=

Top-Expansion
O(1/m;)
+O(1 /mtz)
+O(1 /mt4)
exact

1jet

LO

o

30 50 100 150 200 250

jet
[Neumann, MW '14] Prmin [GeV]
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convergence of meop

expansion recovered !
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Gluon Fusion

differential cross sections

top-mass effects on H+jet cross section at NLO

matched
Js =13TeV

| —
O
o
|
_~<E.._.
~—
—

1jet

NLO

Top-Expansion

O(1/m;)
+O(1 /mtz)
+O(1 /mf)

=

o

30 50 100 150 200 250

jet
[Neumann, MW '14] Prmin [GeV]

Universitat
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matched cross section:

reliable NLO prediction
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Gluon Fusion

differential cross sections

Small Transverse Momenta:

divergent — requires resummation of log(pt/mp)
state-of-the-art still NNLO+NNLL:

HqT [Bozzi, Catani, de Florian, Grazzini '03 '05], [de Florian, Ferrera, Grazzini, Tommasini 'l ]
HRes [de Florian, Ferrera, Grazzini, Tommasini 'l 2], [Grazzini, Sargsyan 'l 3]

[de Florian, Ferrera, Grazzini, Tommasini 'l 1] [de Florian, Ferrera, Grazzini, Tommasini 'l 1]

0.6 T T | —T T 7 | — T T | — T | T 1.50 T T | | | | | T T T | T T
: | \\ : - O.].OO FT T 17T | T TTT | T TTT | T TTT | T TT I: —
Lo \ | - » q4 -
- \ : - 0.050 | — A
0.5 — 1.25— -~ s 1
- j . - NNLL+NLO  0.020 — —

|
| i} - 0.010 ]
o 041 pp—H+X my=125 GeV | o 1.00p g 1 -
e ! § 3 - 0.005 — .
~ - Vs=14 TeV MSTW2008 - S i N 1 -
@ O 8 __; __ & 075 0002 1111 | 1111 | 1111 | | I\I | | 1111 __
& - . e 100 120 140 160 180 200
o' - - o _
T L _ o _
> - . N pp~H+X my=125 GeV A
S 0.2 — T 0.50 —
] Vs=14 TeV MSTW2008 |

Mp, Mg, Q variations

1 T
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Gluon Fusion

differential cross sections

Small Transverse Momenta:
top-mass effects small
bottom-mass effects:
three scale problem!
PT, MH, Mbottom (only two for top loop: p1, MH~Mtop)

— difficult choice of hard scale (matching/resummation scale)
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[Vicini '12]

LHC@8 TeV, my = 125 GeV
ME = HR = Qpes =My / 2

( d GLO+NLL / dp¥ ) / ( d GEtO1+NLL / dp¥ )

POWHEG

0.9 0.9

m,,, €Xact mass dependence — ——
0.8 F Migp Mpot €Xact mass dependence

0.8 — AR [Mantler, MW '[2]

0.7

07 T T S TN SN N TN TN RO SN [N TN ST SN TN EN N S S
0 50 100 150

H
pt [GeV]

1 1 1 1
o o O O O
N T © ©o©

MC@NLO (different normalization)

M
O

O
©

[Frixione]

O
0

see also:

[Banfi, Monni, Zanderighi 'l 3]
[Hamilton, Nason, Zanderighi 'l 5]

o L o 1 L |
50 100 150 200 250
pT

e
N
O T T ‘ T T ‘ T T T ’
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LHC@8 TeV, mH—125 Gov| | _PIOIV\/IHIE(_I?_. | I[Vilcinli 'Il2]|

ME = HR = Qpes =My / 2

(dGLO+NLL/d ) / (dGII:,l?1+NLL/d T )

0.9

exact mass dependence ———

A . - My, m exact mass dependence
AR [Mantlel‘, MW '|2] E 0.8 top bot P

.I....I....I........\....- 07 | I R R
50 100 150 © 8 2 8 &

p¥ [GeV]

| pp~H+X  Vs=8 TeV NLL+NLO

MC@NLO (different normalization)

[ MSTW2008 NLO

g
O

Or{l{[{{{{[{{{{’

O
©

[Grazzini, Sargsyan 'l 3] [Frixione]

O
0

Mp=up=my=125 GeV T
o L o 1 L |

=my/2
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LHC@8 TeV, mH—125 Gov| | _PIOIV\/IHIE(_I?_. | I[Vilcinli 'Il2]|

ME = HR = Qpes =My / 2

(dGLO+NLL/d ) / (th?fNLL/d T )

exact mass dependence ———

-
: ) . m;., Mh~+ €Xact mass dependence
= AR [Mantler, MW '12] : 8 | Mgy, My p

50 100 150 R § 38 S8
H
pt [GeV]

T T T 1 I | — — dO/de(q))/dOht|/de(q))

N _ . L e e
- ppoHAX  Vs=B TeV NLL+NLO - ggH@LHC 13 TeV  —— Q=Qp=Qy=My/2

| MSTW2008 NLO - My=125 GeV Q=MK/2, Qup=Qp=my,

T v8 NLOSPS HMW scales
i e HWG, Qtth/2, thszzmb

0.9 ;;-.
[Grazzini, Sargsyan 'l 3] il [Mantler, MW 'l 5]
08 [

Hr=pr=my=125 GeV MC@N LO (dlfferent normallza"tl

Q,=my/? 0.7 o .-
L1 L 0 50 100 150 200 250 300
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(dGLO+NLL/d ) / (thtO1+NLL/d T )

LHC@8 TeV, my = 125 GeV
Mg = HR = Qges =my /2

POWHEG  [Vicini '12]

exact mass dependence ———
Miops mbot exact mass dependence

requires sophisticated

| pp~H+X

Q=my/2

[Grazzini, Sargsyan 'l 3]

Mp=up=my=125 GeV
Q,=my/2

M. Wiesemann

(University of Ziirich)

ot 1e¥ scale choice!

[ MSTW2008 NLO

0.8 [

0.7

Higgs physics overview (theory perspective)

— QEQp=Qy=My/2

Qt=Mh/2, th=Qb=mb

HMW scales

—-e=- HW6, Q=Mn/2, Qt,=Qp=my,

[Mantler, MW ' 5]

MC@N LO (dlfferent normallza"tl

0 50 1 OO 1 50 200 250

pr(¢) [GeV]
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Gluon Fusion

differential cross sections

bottom-mass effects at small pt: three scale problem! (no complete solution yet)

— two approaches to choose matching/resummation scale:

[Harlander, Mantler, MWV '14] [Bagnaschi,Vicini 'l 5]
separate scales for top, bottom and top-bottom interference term
hadron level parton level
resummation scales as large as possible,  matching scale choosen where collinear
while requiring high-pt matching approximation fails (by >10%)

M. Wiesemann  (University of Ziirich) Higgs physics overview (theory perspective) September 14, 2015 36



Universitat
Zurich™"

Gluon Fusion

differential cross sections

bottom-mass effects at small pt: three scale problem! (no complete solution yet)

— two approaches to choose matching/resummation scale:

[Harlander, Mantler, MWV '14] [Bagnaschi,Vicini 'l 5]
separate scales for top, bottom and top-bottom interference term
hadron level parton level
resummation scales as large as possible,  matching scale choosen where collinear
while requiring high-pt matching approximation fails (by >10%)
Qtp int: Wi b,int VS the Higgs mass

160 - Q ——

| Qpt —
140 - wp -

L Wb
120 - Wint ===~

Q,w (GeV)

—————————————————————————— .
36
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[Bagnaschi, Harlander, Mantler, Vicini, MWV]

do/de( )1/ [1/GeV]

do/de( )1/ [1/GeV]

—
<
)]

£ ggH@LHC 13 TeV
_SM mp=125 GeV

—— AR, BV-scales
MC@NLO, BV-scales
POWHEG, BV-scales

-a-- fNLO

b=18 GeV, wj,;=9 GeV

£ ggH@LHC 13 TeV
_\SM mp= =125 GeV

—_
<
)]
T

—_

L e e

..._..n...no ov--u..,.,.,.l'l.-o..,o-c_nl',-..q..l

e GopE -b—GI—EI—-E- 8 gt 2
g

ey B T R P

.
L T S

—— AR, HMW-scales
MC@NLO, HMW-scales
POWHEG, HMW-scales

FRUTUTORL

o

‘\"n[ndm[.

g "
...--.o.o-o-. ..-...m..-- 0.-l.. Mlojg yroe & o0-ol |- .-..l Cloiere .o

.t vyt 7T ] wees
£ e-eu-a—m—tf- x e e g = ICLL
I G

|
""I""

;
———t ———t ——+—+ ———t ——t
A | | | |
'1 "."'o‘.l‘-v..o.._ . *e
et e e ee e o) II.l_,..
loa 1750 o'
-.d&d""‘"”' o aionil, |""'"""A re,

T a2

-
-

.
...-.....,,l
_;.1“'”’“ faan DAL TOLL S

N .'-..[...h..[.. X AR |

LA o A

ro
had ad LT L N o lere™®)° I.-

an o ore, 'l""
PR RN LT R o) :;..""'«" "ln-'i

ITh

R T L T

rowaivhro ProaivRO®

ocoo

rowaivro hoavROD

Lobeoionabyithe, :il.'.a[.. A,

ocoo

50 1

do/dp+(¢) 1/0 [1/GeV]

00 150 200 250 300 350
pr() [GeV]

do/de( )1/0 [1/GeV]

[l ml

400 50 100

150

200 250 300 350 400

pr(¢) [GeV]

do/de( )1/0 [1/GeV]

* ggH@LHC 13 TeV
F\ SM, mp=125 GeV

—
ot
N

—_
e
a1

——
— AR, HMW-scaIes
AR, BV-scales

AR

————
— MC@NLO, HMW- scales
MC@NLO, BV-scales

| MC@NLO

— POWHEG, HMW-scales ]
POWHEG, BV-scales

—_

AT
.-....-:,_-.,...-»....o..._,.. AT ._,,.-l e

e res oo

JUUSIRH -, -
e e S S ST e S s & Ty et e o il
emere

aaa000

roOaMRORDODVAD

coo

100

P R TSI R |
150 200 250

pr(e) [GeV]

..I....—:“‘
350 400

50

100

150 200 250 300 350 400

pr(¢) [GeV]

50

150 200 250 300 350 400
Pr(¢) [GeV]

M. Wiesemann

(University of Ziirich)

Higgs physics overview (theory perspective)

September 14, 2015

37



[Bagnaschi, Harlander, Mantler, Vicini, MWV]
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important in BSM
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Gluon Fusion

differential cross sections

NEW: state-of-the-art shower Monte Carlo predictions (highest perturbative information, quark-mass effects)

multi-jet merging:

NNLO+PS
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Gluon Fusion

differential cross sections

NEW: state-of-the-art shower Monte Carlo predictions (highest perturbative information, quark-mass effects)
multi-jet merging:
MG5_aMC@NLO [Frederix, Frixione,Vryonidou, MW]
H+0/1/2-jets @ NLO (FxFx)
Meop i H+0-jet & |-loop (borns, reals); H+> | -jet virtuals (2-loop) reweighted by full (m¢.p) born
EFT not valid for mpottom — full mpottom dependence in H+0-jet @ NLO with aMCSusHi
Sherpa [Krauss et al.] [Mantler, MW 1]
H+0/1/2-jets @ NLO (MEPS)
Mtop, Mbottom iNCluded via reweighting of NLO EFT with LO

NNLO+PS
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Gluon Fusion

differential cross sections

NEW: state-of-the-art shower Monte Carlo predictions (highest perturbative information, quark-mass effects)
multi-jet merging:
MG5_aMC@NLO [Frederix, Frixione,Vryonidou, MW]
H+0/1/2-jets @ NLO (FxFx)
Meop i H+0-jet & |-loop (borns, reals); H+> | -jet virtuals (2-loop) reweighted by full (m¢.p) born
EFT not valid for mpottom — full mpottom dependence in H+0-jet @ NLO with aMCSusHi
Sherpa [Krauss et al.] [Mantler, MW 1]
H+0/1/2-jets @ NLO (MEPS)
Mtop, Mbottom iNCluded via reweighting of NLO EFT with LO
NNLO+PS
NNLOPS [Hamilton, Nason, Zanderighi '14 'l 5]
H+0/1-jets @ NLO (POWHEG-MINLO) + NNLO normalization by reweighting in Higgs-y
NLO H+I-jet in EFT reweighted with LO mp, optional: same for mpottom or only at LO H+1-jet
UNZLOPS [Hoeche, Li, Prestel '14]
H+0/1-jets @NLO (S-MC@NLO+UNLOPS) + gr-slicing with NNLO information below pr-cut

no mass effects yet(?)
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NEWV: state-of-the-art shower Monte Carlo predictions

16/07/15

Higgs p; shape: MC generators
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Kinematics: jets

Comparisons of
different MC’s:

many distributions,
received (all very

recently), didn’t have
time to set up a full
comparison for today.

Exclusive anti-k | jet multiplicity at AR =o0.4, pi" =30 GeV

I'|I‘

l||III|'I——'L'i'|'i'|'

—I‘III‘II
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NEWV: state-of-the-art shower Monte Carlo predictions

16/07/15

Kinematics: jets

Exclusive anti-k | jet multiplicity at AR =o0.4, pi" =30 GeV

comprehensive comparison within the
LHC Higgs Cross Section WG

ongoing...

comparison for today. .
0.8
0.6

from talk by Giovanni Petrucciani at |10th Workshop of the LHCHXSWG
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Gluon Fusion

conclusions

one of the (if not the) best studied processes at hadron colliders

high precision prediction (first N3LO)

careful assessment of uncertainties (mass effects, resummation, ...)

New Monte Carlo prediction under way

ongoing studies in all directions...
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VBF

NLO corrections ~10% [Han,Willenbrock '91], [Figy, Oleari, Zeppenfeld '03], [Campbell, Ellis '03]
NLO QCD+EW in HAWK (tend to compensate each other) [Ciccolini, Denner, Dittmaier '07]

NLO+PS VBF-Hjj and VBF-Hjjj in POWHEG [Nason, Oleari '10], [Jager, Schissler, Zeppenfeld 'l 4]

d0/dpy 5 [pb/GeV] and MG5_ aMC@NLO [Frixione, Torrielli, Zaro '13], [Alwall et al.'14]
1 NNLO == : : .. .
e Ve Interference effects with gluon fusion negligible [Andersen, Binoth,
: . WVBFQUTS| Heinrich, Smillie '07] [Andersen, Smillie '08] [Bredenstein, Hagiwara, Jager '08]
= LHC13TeV |
103 ;
i gluon-induced NNLO contributions [Harlander, Vollinga, Weber '08]
'NNPDF30 _nnlo_as 118 =
| Ho(pt 1)/2 < R = HE < 2 Ho(Pr B 1 (We” below I%)
1.1 :
: NNLO with structure function approach (assumption no cross talk):
e LD _ inclusive, NNLO corrections: ~|% [Bolzoni, Maltoni, Moch, Zaro 'l 0]
.. | NEW: differential, NNLO corrections with VBF cuts: ~5%
R 701 I [Cacciari, Dreyer, Karlberg, Salam, Zanderighi 'l 5]
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RHiggsstrahlung

NNLO [Brein, Harlander, Djouadi '03] mostly by Drell-Yan QCD corrections ~5-10%
[Hamberg, Matsuura,Van Neerven '91]

gluon-induced contributions at NNLO ~10% [Brein, Djouadi, Harlander '03]
top-quark mediated NNLO contributions ~1-3% [Brein, Harlander, Zirke, MW "I |]

v

all included in VH@NNLO [Brein, Harlander, Zirke '12]

differential NNLO [Ferrera, Tramontano, Grazzini 'l | '14] threshold resummation:
250.00 T T |
HAWK: NLO QCD+EW [Denner, Dittmaier, Kallweit, Muck '12] 0(99 = HZ + X)|fb]
200.00 - VS =14 TeV |
-- LO
. -- NLO
NEWV: precision for gluon-induced contributions: 15000 P T NORIL
NLO corrections (|/mp expansion)
100.00 }. i
[Altenkamp, Dittmaier, Harlander, Rzehak, Zirke ’12] IO
20.00 i
NLL threshold resummation (|/m¢p expansion)
my = 125 GeV ps = (py +pz)*
[Harlander, Kulesza, Theeuwes, Zirke '14] s o B 5 ;

14/ o
-
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ttH

inclusive cross section at NLO [Beenakker, Dittmaier, Kramer, Plumper, Spira, Zerwas '01],
[Dawson, Reina '02]

NLO+PS:
MG5 aMC@NLO [Frederix, Frixione, Hirschi, Maltoni, Pittau, Torrielli 'l I]

POWHEG-BOX [Hartanto, Jager, Reina, Wackeroth 'l 5] ot | fiH production atthe 13 Tev LHG

Sherpa

LoQcb --- |
LO+NLO QCD —— .
LO+NLO QCD+EW —

—

S,
n
T

!

LO+NLO QCD+EW, noy

o per bin [pb]

NEW: EW effects ~10% at large pt
[Frixione, Hirschi, Pagani, Shao, Zaro '14 'l 5]

103 |

MadGraph5_aMCE@NLO

— first important step towards automation of EWV effects | 7, [ wooeioooosam

14k e O .;
see also: Sherpa+OpenLoops 3 T

[Cascioli, Lindert, Maierhofer, Pozzor:ini]

02 F NLOQCD — LO+NLOEW,noy ¢

0 E LO+NLOEW — HBR —- 7

W,;:;E e L T T L T T T T L S L T T T LT L T T T L T T g

SRR A e e o e o e =

- - -

-02 E . . . I . . . I . . " 3
0 200 400 600
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four-flavor scheme (4FS) five-flavor scheme (5FS)

* inclusive NLO * inclusive NNLO
[Dittmaier, Kramer, Spira '04] [Harlander, Kilgore '03]

« towards N3LO

[Ahmed, Rana, Ravindran ’ 4], [Ahmed,
Mandal, Rana, Ravindran ’14], [Gehrmann,
Kara ’14]

» exclusive H+0/1/2-jet at NNLO/NLO/LO

[Campbell, Ellis, Maltoni, Willenbrock 03], [Harlander, Ozeren, MWV ’10],
[Harlander, MW I []

« exclusive NNLO

[Buehler, Herzog, Lazopoulos, Mueller ’12]

* pt resummation at NNLO+NNLL
[Harlander, Tripathi, MW ’14]

« exclusive NLO+PS
[MWV, Frederix, Frixione, Hirschi, Maltoni, Torrielli '14]

[Dawson, Jackson, Reina,Wackeroth '04]

* exclusive NLO(+PS)

[MWV, Frederix, Frixione, Hirschi, Maltoni,
Torrielli '14]

M. Wiesemann  (University of Ziirich) Higgs physics overview (theory perspective) September 14, 2015 45



Universitat
Zurich™"

four-flavor scheme (4FS) five-flavor scheme (5FS)

* inclusive NLO * inclusive NNLO
[Dittmaier, Kramer, Spira '04] [Harlander, Kilgore '03]

« towards N3LO

[Ahmed, Rana, Ravindran ’ 4], [Ahmed,
Mandal, Rana, Ravindran ’14], [Gehrmann,
Kara ’14]

[Dawson, Jackson, Reina,Wackeroth '04]

* exclusive NLO(+PS)

[MWV, Frederix, Frixione, Hirschi, Maltoni,
Torrielli '14]

NEW: differential comparison of 4FS and 5FS: * exclusive H+0/1/2-jet at NNLO/NLO/LO
[Campbell, Ellis, Maltoni, Willenbrock 03], [Harlander, Ozeren, MWV ’10],

do/bin [pb]
e —————— [Harlander, MW ’1 I]
[ bbH@LHC 13 TeV  — '5FS NNLO+NNLL rescaled

1071 L My=125Gev - 4FS HW++ NLO+PS

o 4FS PY8 NLO+PS » exclusive NNLO
[Buehler, Herzog, Lazopoulos, Mueller ’12]

* pt resummation at NNLO+NNLL
[Harlander, Tripathi, MW ’14]

102

—
e
w

3 61%%‘%
" [MW, Frederix, Frixione, "=

e,
“ e
S

11
MadGraph5_aMC@NLO

10 | Hirschi, Maltoni, Torrielli '14]  exclusive NLO+PS
-I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
4L [MWV, Frederix, Frixione, Hirschi, Maltoni, Torrielli '14]
12 H 3
0; TL;E_-;'B;E]F]-@:-_MBMG‘Wﬂﬁmﬂj:%ﬂ@;%ﬂ%&:%gﬂafﬁﬁﬂ Di‘.jjg. L?TJEJ'T-E‘-';‘EE
06 F E
0.4 E, 3
16 B
14
1.2
1l
0.8 Ei
0.6 E:
04E . v 1 v vl v v b b b b L T
0

20 40 60 80 100 120 140 160 180 200

p; [GeV]
T ————=
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four-flavor scheme (4FS) five-flavor scheme (5FS)

* inclusive NLO * inclusive NNLO
[Dittmaier, Kramer, Spira '04] [Harlander, Kilgore '03]

« towards N3LO

[Ahmed, Rana, Ravindran ’ 4], [Ahmed,
Mandal, Rana, Ravindran ’14], [Gehrmann,
Kara ’14]

[Dawson, Jackson, Reina,Wackeroth '04]

* exclusive NLO(+PS)

[MWV, Frederix, Frixione, Hirschi, Maltoni,
Torrielli '14]

NEW: differential comparison of 4FS and 5FS: * exclusive H+0/1/2-jet at NNLO/NLO/LO
[Campbell, Ellis, Maltoni, Willenbrock 03], [Harlander, Ozeren, MWV ’10],

do/bin [pb]
e —————— [Harlander, MW ’1 I]
[ bbH@LHC 13 TeV  — '5FS NNLO+NNLL rescaled

1071 L My=125Gev - 4FS HW++ NLO+PS _

o 4FS Y8 NLOPS - exclusive NNLO
[Buehler, Herzog, Lazopoulos, Mueller ’12]

* pt resummation at NNLO+NNLL

102

10° L N £ ipathi ’
2 N R Harlander, Tripathi, MW ’ 14
- [MW, Frederix, Frixione, "= 12 [Harlander, Tripathi ]
10 £ Hirschi, Maltoni, Torrielli '14] ﬁp}'ﬁ'*ﬁ*ﬂﬂrgg  exclusive NLO+PS
18 j T : [MWV, Frederix, Frixione, Hirschi, Maltoni, Torrielli '14]
12F E
0.£13 ;L;:E‘@;Q&MBMG‘Wﬂﬁ%ﬁﬁ&“@;%ﬂ%%%gm@@%mm‘?F‘ET;EEﬁﬁ.;é
06 F E
0.4 E, E
P4k
ol o NEWV: approaches to combine inclusive 4FS and 5FS:
06 Efee™ T e e S [Bonvini, Papanastasiou, Tackmann 'l 5]
0 20 40 60 80 100 120 140 160 180 200 [Forte, Napoletano, Ubiali '1 5]
pY [GeV]
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could not talk about...

jet-veto resummation in gluon fusion
decays

EWV effects

PDFs

off-shell effects

double Higgs production

BSM Higgs physics

oo

...apologies!
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Summary

brief overview of top physics from a Higgs-physicist perspective
(personal) selection of recent results for gluon fusion:
First N3LO compuation at hadron colliders
— radiative corrections under control, small residual uncertainty (~1-3%)
need to control other uncertainties
top- and bottom-mass small (inclusive cross section)
NNLO corrections for H+jet production
top-mass effects relevant at large pr
bottom-mass effects relevant at small pr
— requires sophisticated matching/resummation scale choice
New generation of Monte Carlo predictions under study

summarized some relevant results for VBF VH, ttH, bbH
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Concurrent uncertainties:

Scales

pdf (at 68%cl)
X, (parametric)
m,,, (Parametric)

~ 3%
~2-3%
~1.5%
~ 3%

Soft gluon resummation makes a difference:

5%

-> 3%

from talk by Michal Czakon at SFB/TR9 Meeting 2014
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NEWV: state-of-the-art shower Monte Carlo predictions

16/07/15
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NEWV: state-of-the-art shower Monte Carlo predictions

16/07/15

Kinematics: jets

Transverse momentum of subleading jet
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