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In the Last Four Years...

e 2012: LHC discovered a Higgs boson, 1t appears to be SM-like

Leptons )
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In the Last Four Years...

e 2012: LHC discovered a Higgs boson, 1t appears to be SM-like

Leptons )

e 2015: LHC Run II starts. With an energy increase to 13 TeV
and a luminosity goal of 300fb-!, the discovery potential is
significantly enhanced.
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S0 what does it take to break physics?
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S0 what does it take to break physics?

| Indirect searches: |
| find deviations from |
the SM behavior |
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S0 what does it take to break physics?

e In the absence of convincing evidence of new physics, precision searches
for subtle deviations from the SM are vital. Possible with the high energy
and luminosity of LHC Run II.

e Percent experimental precision requires a matching theory precision!
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S0 what does it take to break physics?

e In the absence of convincing evidence of new physics, precision searches
for subtle deviations from the SM are vital. Possible with the high energy
and luminosity of LHC Run II.

e Percent experimental precision requires a matching theory precision!

The Higgs is the likeliest place to look,
as its properties are connected to the
puzzles of the SM

The flavor puzzle: what explains the Hierarchy problem: no symmetry prevents
observed masses and mixing, which the Higgs mass from receiving quadratic
come from Higgs couplings? divergences, unlike for other particles
nezvm"in()s; de se pe Mgauge,ferm _ Mbare {I + a In /\/M}
i u-e ce re
co  le Te (MHiggs)Z _ (Mbare)2 + A2
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Constructing a new theory of Nature is
intimately connected to understanding the
Higgs properties. Progress on the theory
side is a major contributor to this!
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this is a limited selection of topics and is
by no means complete. I apologize in
advance for any omissions!

Disclaimer
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Overview of Higgs Production in SM
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Parameter value

® Major production processes at the LHC are gluon fusion and

vector boson fusion.
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Overview of Higgs Production in SM

All production modes so far consistent with
the Standard Model predictions up to total
errors of 15-40%
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LHC Run 1 & Theory

%
b ATLAS

/’
6 Source of uncertainty dp 2e2pn  2u2e de combined
Electron reconstruction and identification efficiencies — 1.7% 33% 4.4% 1.6%
Electron isolation and impact parameter selection - 007% 11% 12% 0.5%
Electron trigger efficiency - 021% 0.05% 021% <0.2%
¢f + ee backgrounds - - 3.4% 3.4% 1.3%
Muon reconstruction and identification efficiencies 1.9% 11% 0.8% - 1.5%
Muon trigger efficiency 0.6% 0.03% 0.6% - 0.2%
€€ + pp backgrounds 1.6% 1.6% - - 1.2%

QCD scale uncertainty
PDF, a; uncertainty
H — ZZ* branching ratio uncertainty
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y LHC Run 1 & Theory
TS wWwe

Error Plot of error
scaled by 100)

Data statistics 0.16 0.15 ——
igna i 0.12 0.12
Profiled control regions 0.10 0.10 L
Profiled signal regions - - -

MC statistics 0.04 0.04 -

Slgna.l ggF Cross sectlon 0.09 0.07 e
Signal ggF acceptance 0.05 0.04 ==
Signal VBF cross section 0.01 0.01 i
Signal VBF acceptance 0.02 0.01 *
Background WW 0.06 0.06 =
Background top quark 0.03 0.03 o
Background misid. factor 0.05 0.05 wje
Others 0.02 0.02 o

Bkg Zy* —ee, p.p, 0.02 0.02 *
Muons and electrons 0.04 0.04 e
Missing transv. momentum 0.02 0.02 o
Jets 0.03 0.02 =
Others 0.03 0.02 =
Integrated luminosity 0.03 0.03 =
Total 0.23 0.21  ——
-30-15 0 15 30
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LHC Run 1 & Theory

3
/1)1) ATLAS
. = squone — WW__Senediol® 7 combined
Electron reconstruction and + — (scaledby100) §  4.4% 1.6%
Elwtmn iml.‘&:..— el P e N S et Aan e r 1 a7 n s%
Electron tri & .2%
fitecbad  [Jpcertainty group AN
Muon recon } 5%
x‘m gt ( Theor ield 0.09 2%
+ pp bac - - 2%
Qobsaale:  Pixperimental (yield) 0.02 5%
wo2e™  Luminosity 0.03 i
MC statistics < 0.01
Theory (migrations) 0.03

Experimental (migrations) 0.02

Resolution 0.07
Mass scale 0.02

Background shape 0.02
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LHC Run 1 & Theory

3
/1)1) ATLAS
. = H — WW#* __Oenedi=io o mbined
Source Error Plot of error

Electron reconstruction and + — (scaledby100) §  4.4% 1.6%
Elmtmn iwi..&:_— el T T N r 1 O0r n 5%
Electron tri .2%
fteebad  Uncertainty group oyt &\ %
Muon recon } 5%
A -
yuon tigst  "T'heory (yield) 0.09 by

For all three Higgs ‘precision’
channels, theory uncertainty is the
dominant source of systematic
uncertainty !
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LHC Run II Prospects

11 ® The dominant component of the systematic
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error on the signal strength 1s theory
(~10-15%).

) ';, e The statistical error from LHC Run I 1s the

largest (~20%), this however will improve
during LHC Run II.

§ x2.5 increase in cross section
i x15 increase in luminosity (300 fb!) 3;
t~ 40 times more events |
, Stat. error in 3-4% range

Theory error becoming a limiting

factor 1n interpreting Run II data.
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Inclusive Cross Sections



Higgs Production @ N°LO in Gluon Fusion

e Remarkable recent progress: the inclusive cross section for Higgs

production in gluon fusion is now known at N°LO in QCD.
(Anastasiou, Duhr, Dulat, Furlan, Gehrmann, Herzog, Lazopoulos, Mistlberger, 2016)

50! 1602.00695

13 TeV
125 GeV
PDF4LHC15.nnlo_100
0.118
162.7 GeV (MS)
4.18 GeV (MS)

3 V5
o) mp
PDF
a,s(mz)
m¢(my)
mp (mp) MS
meq(3GeV) 0.986 GeV (MS)
w=pr = up 62.5GeV (=mpg/2)

10+

— LO ----- LO+LL NLO NLO+NLL —— NNLO
0 -~ NNLO+NNLL —— N3LO - N3LO+N3LL -
0.5 1.0 1.5 2.0
pimy (U=URr=HE)
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® Important input for Higgs
couplings analysis

e Much smaller scale
dependence at N3LO:

~1.9% vs 9% @ NNLO for
u € [mu/4,mu]

e Perturbative expansion
stabilized at N3LO: ~ +3%
shift from NNLO

e Impact of threshold
resummation 1s invisible for
u=mp/2

Higgs Production



Higgs Production @ N°LO in Gluon Fusion

13 TeV

2.22 pb (+4.56%
o = 48.58pb IR0 (theory) & 1.56 pb (3.20%) (PDF+a)

e Should we worry about missing higher order corrections beyond N3LO?
A possible way of estimating them 1s to look at the dominant soft-gluon
contributions around the threshold, which are resummable to all orders.

_C. Duhr, KITP 2016

50

40! e Different resummation

schemes show that

g% — NNLO | missing higher order

S} — N3LO
-------- NN3LO+N3LL AP2 | in the N°LO error band
——= NN3LO+N3LL PSI

for u € [mu/4,my].

10} —— NN3LO+N3LL PSI+AP2

I I
I I
I I
: A . SLOMNALL corrections are included
20
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I I
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I I
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Higgs Production @ N°LO in Gluon Fusion

13 TeV

o = 48.58 ph 222 PP (FA36%) 1 eory) 4 1.56 pb (3.20%) (PDF+avs)

—3.27pb (—6.72%)

R. Boughezal

® The result includes various effects besides N3LO QCD
corrections 1n the heavy top mass limit, rescaled by ¢22.. ,

LO

and accounts for various sources of uncertainties: “Err

a3
e m; and my mass effects are included exactly at NLO.

e NNLO top mass effects accounted for in the 1/m¢ limit (Harlander, Mantler,
Marzani, Ozeren, 2009).

e Exact NLO EW corrections (Actis, Passarino, Sturm, Uccirati, 2008).

e Mixed QCD-EW effects in an EFT approach (Anastasiou, R.B., Petriello, 2008).

e The theory error accounts for an estimate of the missing N°LO PDFs and
the truncation error associated with the calculation approach at N°LO.

e PDF and as errors combined quadratically.

.

J

W
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Higgs Production @ N°LO in Gluon Fusion

e The N°LO result assumes PDF4LHC as(Mz) recommendation: 0.1180+0.0015

e There is a strong parametric dependence of ggH cross section on os: LO~0.s?

e DIS and some e+e- fits prefer lower value of as(Mz)

105

 1602.00695

1.00}

0/0LHAPDF 0

0.85}
0.80}

0.75}

0.90 )
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095

abm12lhc5nnio
—— PDF4LHC
wesss CT14nnloas0113

Fix as(Mz) = 0.113, value found in ABM 12 fit,
and study CT14, ABM12 predictions

~10% lower cross section

4 6 8 10 12

E(TeV)

I 1I4 L

H1ggs rroauction



Higgs Production @ N°LO in Gluon Fusion

e The N°LO result assumes PDF4LHC as(Mz) recommendation: 0.1180+0.0015

e There is a strong parametric dependence of ggH cross section on os: LO~0.s?
e DIS fits prefer lower value of as(Mz)

Need a resolution of the discrepancy between

different fits of as, otherwise it will be a
lingering worry in Run II precision studies!
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Inclusive Higgs Production in VBF

® (Calculated first at NNLO in QCD 1n the structure function approach. Small
correction ~1% and uncertainty ~1-2% (Bolzoni, Maltoni, Moch, Zaro, 2011)

® Now also known at N°LO in QCD. Correction tiny, 0.1-0.2% and the
uncertainty 1s lower than 0.2% (Dreyer, Karlsberg, 2016)

® (Can help perform accurate Higgs couplings measurements.

(Dreyer, Karlsberg, 2016)

o [pb] do/dpy, g [pb/GeV] do/dyy [pb]
100 71— \ I —— 1070 ¢ \ T T \ ] 1.2 T T T T T
- PDFALHC15_nnlo_mc E NNLO E2ZE] A + LO NNLO 4
- Q/2<pR, ME<2Q N3LO [ | 1 L NLO N3LO I _

\
LO
NLO

102 E 0.8

0.6

103 . 0.4
- LHC 13 TeV ]

1 ] " LHC 13 TeV
NNLO B - - Q/2<pRr,pp<2Q 1 02 rQ2<pr,pp<2Q 7
NLO N3LO 1 " PDF4LHC15_nnlo_mc i -~ PDF4LHC15_nnlo_mc 1
L | | Lol -4 | \ | \ | | | | |
1 i 10 i 0 1 i
1.02 - 1.02 —

101 | 1.01

ratio to N3LO

A A AR I KK 0020 SR
0000 000202007020 0020202020709 XXX
1 B AN S

0.99 Lo | | | I | 0.99 | | | 0.99 | | | | | \\
7 10 13 20 30 50 100 0 50 100 150 200 250 300 0 05 1 15 2 25 3 35 4
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Exclusive Higgs Cross Section



Why go exclusive?

e Kinematic distributions are used to extract or constrain particles properties
such as their couplings.

e How different can the difterential distributions be from the inclusive case?
take VBF as an example:

13TeV, anti-KT, R=0.4, NNPDF
G(no cuts) [pb] G(VBF cuts) [pb]

0.057 0.066
-0 403270050 095770050
o 0.024 » * 0.008
NLO — 13.92970(%: 1+ 10.876 7001
' 0016 &+ | 0.013
NNLO 1388875015 3 3082625y,
:~~-1% ) ~ -5% -

Cacciari, Dreyer, Karlberg, Salam, Zanderighi 2015

e The NNLO corrections for the cross section with VBF cuts are 5 times

larger than the inclusive case, and large enough to influence precision

studies.
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Differential VBF@NNLO

e Can now study kinematic observables with realistic cuts

1506.02660
do/dp, y [Pb/GeV] dodAy;,;, [pb] e Non trivial Kinematic

L B il e e dependence of the K-factors.
. w~*=_ 3= e NNLO Corrections can be
| - = VBF CUTS | == VBFCUTS 0
= LHC 13 TeV | ~ LHCI3TeV as large as 10% for some

o e ‘ 02

% o N O B S N LE1 S5 SR -2 distributions.

L =g

NNPDF30_mlo_as 118 .| NNPDF3O_mlo_as_11S e NLO-+parton shower agrees

-

oy, H)/2 < /JR [JF <2 IJo(Pt H) | No(Pt H)/2 < IJR - HE - < 2 IJ;(EP:_%_ Well Wlth NNLO for PTH but
- not for Ayji j.

I L A R— N e e e M A

! | ' o o E 1 e Recently NNLO QCD and
ooy RS S NLO EW corrections were

Y S D D R R S Ry 3 SN N NS N N NN NN N N activities.
0 50 100 150 200 250 300 45 5 55 6 65 7 75 8 85 9
Pt H [GeV] ijl,jz

R. Boughezal ! Higgs Production




The Higgs Pt spectrum

e The Higgs transverse momentum 1s an important observable that probes
Higgs properties. It can be used to disentangle the ggH and 1ts possible
BSM contributions from ttH couplings for example:

1405.4295
> 07 09
...... C,,K,)=(VU./, U.
g 0% = (ct,K§)=(0.9,0.1)
Ve
< 10°
-
ol 12
o) 10°
©
S
10
1
10!

AR N T N TN SN N N TR SHNNY SN NN SR T
0 200 400 600 8

Schlaffer, Spannowsky, Takeuchi, Weiler, Wymant

R. Boughezal

h
ﬁeff— - g 127‘(‘?} W/Ga'uy—i—EQCD
O\Ct, K
( ts g) ~ (Ct—I_H'g)Q
OSM

Inclusive production cannot distinguish
BSM scenarios from SM one!

Important to calculate pru precisely!
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Higgs+jet (@ NNLO 1in QCD

e An accurate understanding of this cross section helps improve the signal

significance when jet binning 1s used.

e Need improvement on two fronts:

¢ O(as?) correction in the m;— oo limit §

v

Three independent NNLO results
are now available for this process

v

R.B., Caola, Melnikov, Petriello, Schulze, 2015
R.B., Focke, Giele, Liu, Petriello, 2015
Chen, Gehrmann, Glover, Jacquier, 2016

R. Boughezal

Approximate results incorporating
finite my effects show that deviations
from m¢—oo start at pru> 150GeV

v

Harlander, Neumann, Ozeren, 2012
Dawson, Lewis, Zeng, 2014

e H+j@NLO with exact m¢ dependence
still missing

Higgs Production



Higgs+jet (@ NNLO 1in QCD

150 0.101 mm LO
; I NLO
6‘-’ ~ 0.08 NNLO [
QO
2100 53
é g 0.06
S
E § 0.04
g‘ ~
= 0
S 0.02
=
22— o S R e ] e s S
1.8H— N0 |- R Ll I g ‘ ------
LO : ! ‘ ! y ‘ I {
1.4 B . SO IR [T o e
B NI N = e
75 100 125 150 0.6 N S N poeee b S b ]
oy [GeV] 0 20 40 60 80 100 120 140 160 180
H
pi [GeV]

R.B, Caola, Melnikov, Petriello, Schulze, 2015
aocla, Tieintioy, Fetrietio, schulize R.B, Focke, Giele, Liu ,Petriello, 2015

WPOes Ao e
< e Good perturbative behavior and smaller
gors uncertainties for all differential distributions
S o (pTH, PTj, Y))
. e Corrections in fiducial ¢ are roughly 20% for
u = mpy and 4% for for p = mn/2.

PTH (GeV)

Chen, Gehrmann, Glover, Jacquier, 2016
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Higgs+jet (@ NNLO 1in QCD

e Including the decay of Higgs to photons:
Caola, Melnikov, Schulze 2015; Chen, Cruz-Martinez, Gehrmann, Glover, Jacquier, 2016
Initial indications show harder prtj spectrum and more jets than predicted by
theory, although data uncertainties are large. Awaiting more precise Run II data!

15 L LO _ 1 : : : : : : : : : :

NLO = : LO ]

_ NNTO _ : NLO g

12 L ¢ ATLAS —e— | NNLO pm |

= | ATLAS —— |
| o
g I | =
S 3
4
~
=
S

0.01 . . . . L OO0 OO0 O T TOTOTOTOTOTATOTOT0%6

30 60 90 120

Caola, Melnikov, Schulze, 2015
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do
— (pb/GeV)

dqr

The Higgs Pt resummation

006 L T T 1 I 1 | T T 1 1 | T T 1 1 | T T 1 1 | T T 1 1 | J T 1 1 ] . < 3
: T niiaNio New ca.lculatlon of N LL anomalous
05f - dimension needed for Higgs low pr
[ == NNLL+NNLO .
& . resummation
044 — N3LL+NNLO
03 ] § Li, Neill, Zhu 2016; Zhu LoopFest 2016
7 13/ 07777777777 7T T T T T T T T T T T T T T T
| Y -y B NLL+NEO™
02 1 |3 ———BNRTTINNLO
| v W= LL+NNLO |
0.1 S B Eled: /:.;.'w +
T~y O nvelop of all scale variations L
oo+ 1 I I I I 10 20 30 40 50 60 70
10

By

N3LL
Ay
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Finite Mass

effects for Higgs Pt

Caola, Forte, Marzani, Museli, Vita, 2016

103 I | I | | I | | E

102 L LO ;

10' b . Uses high-energy limit:
-7 LO+A NLO pointlike ]

.
‘o
.
.
.
.

do/dE, [pb]

{
R w /_ K-factor

exact LO X high-energy

s TIER — Usual way of accounting
10-4 .................. | | for finite mass effects:
e e T s~ T T - o E exact LO x EFT K-factor
0°F T TS
10— : : —— : : —
N _--" 1 High-energy K-factor
3F - . .
R - ! calculated using BFKL
I T R N T m e approach
0 1 | | | | L | |
150200 300 400 500 600 700 800 900 1000

pr [GeV]

¢ Interesting agreement between two different approaches to model high-Pr
Higgs production. Would be nice to confirm with an exact NLO calculation.

R. Boughezal
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da fdpr, s, Ipb/GeV)

JLOH+1

X

X /L0 H42

X/ LO H43

Finite Mass effects for Higgs Production

1608.01195
pr.l,, LO H+1 l— Pr.n LO H+ll oy 4 B lpr 5 NLOH41
Pl LO H:2 —_— . LOH4$2 s —_— V.3 NLO H42

Pr. LOH:3 —_— P LOH43m,, —  PT.33 NLO H43

10-* GaSam + Sharpa
s - pp—s H +1,2.3jts at 13 TeV

CT14ni0, R ~ 04 bk, je| < 4.4, prom = 3 CeV
I T - — W = —

—
-

Csssssagm st s s,

............

00 1000
H+n-jet production: n-jet transverse momentum: pr 5 [GeV]

¢ Also important to have finite mass
effects for other kinematic distributions
for Higgs production with multiple jets

Greiner, Hoeche, Luisoni, Schoenherr, Winter 2016

e New understanding of bottom-quark
Higgs effects on Higgs pr

Melnikov, Penin 2016

Hadronic cross section (abelian terms only)

T=In(mg/p1)/L,  (=(u/t)/L, x=

L =In(m?/s), 0<T,|¢| <1, x~1




Di-Higgs Production

e The Higgs that we know so far 1s consistent with the SM 1n 1ts couplings
to the observed modes (within 15-40% uncertainty), 1ts mass 1s known to
0.2% precision, and 1its spin and parity have good experimental handles.
What about the Higgs self coupling?

e In the SM the Higgs potential 1s completely predicted in terms of mu. Not
necessarily true in BSM theories. Need to measure triple and quartic Higgs
couplings to check.

e A measurement of di-Higgs production would give a handle on A3, any
deviation from the SM value could indicate new physics effects.

35
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Di-Higgs Production

e An example of a detailed EFT analysis of HH production from 1502.00539:

_ h m,2z qg° h h? 0 v
‘Cnonv—l'z'.n D) — TNy tt (Ct_ + ) —\C3—— h P Cg; + 02921? G,uVG F

v 2v 42
LHC +/s=14TeV L=3ab’! —
15 A 1 g - h
- " ) - _ g - h
\ \\ - - d
RO t - t 5
10F e T~ O
. . j:‘\\ g h, g ~ h

mhh in :
c;  [[250,550] GeV A\

e Critical to use mnn to break
degeneracies between couplings.
First higher-order QCD corrections
were 1n heavy-m; approximation

ol

_10- PRI BT S ST S B S S SR B RS LR VR
“15  -10 -05 0.0 0.5 1.0 15

C2t
Azatov, Contino, Panico, Son 1502.00539 36
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Di-Higgs Production in EFT

e The leading order diagrams are already one-loop. Use EFT approach to get
higher order corrections (normalized to the exact Born similar to single Higgs).

e Several results were obtained in the infinite top mass limit and its extension:

e [.O cross section Plehn et al, 96; Glover, van der Bij *88

e NLO cross section in EFT Dawson, Dittmaier, Spira, 98

e NNLO cross section in EFT  De Florian, Mazzitelli °13; Grigo et al *14

e Expansion in I/mt @ NLO and NNLO Grigo et al 13-’15; Maltoni et al *14

e Exact mass dependence at NLO real radiation and matching to a parton shower
Frederix et al *14; Maltoni et al 14

e Resumation of threshold logs De Florian, Mazzitelli 15
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Di-Higgs Production in EFT

Question: How reliable are these
approximations, especially in the era

of precision Higgs studies?

38
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Di-Higgs Production (@ NLO with full m¢ dependence

e Large corrections not captured by heavy-m; approximation!
In particular, a strong dependence of the NLO corrections on mnn
1s missed 1n the approximation approach

Me
0.20 o000 e = o= o
! — LO ] }
— | = — NLOHEFT | , 1 _MH
E" 0.15 - o —— NLO FTapprox 7
% [ — NLO :
= 010} = . The full higher-order
< - - . .
s ; corrections are essential for
5 005f : the interpretation of this
| : measurement!
R T
R — > Heavy-m; approximation
= 08E = ] Exact my 1n real radiation only
06 : : » Exact NLO result
PYRE TN [ TR SR SR T (N TN SN SN S NN S S S S R S S S S S S S S’
300 400 500 600 700 800

My [GeV]
Borowka, Greiner, Heinrich, Jones, Kerner, Schlenk, Schubert, Zirke 1604.06447
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ttH Production

e Allows a probe of the ttH coupling directly at tree level.

J. Keller, ICHEP 2016

Cross section (fb) T x - _
@NLO ttH ttwW ttZ tt (NNLO)
8 TeV 133 232 206 2,53E+05
13 TeV 507 566 760 8,32E+05
N

e LHC Run II offers a large increase 1n the ttH cross section, but
backgrounds increase at a comparative rate in the signal region.

®* How well are we doing in modeling the signal and backgrounds?
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e Large modeling uncertainty for the ttbb mode

R. Boughezal

ttH Production

J. Keller, ICHEP 2016

Uncertainty source
tt+ > 1b modelling

+0.32

-0.20

tt H modelling

Background model statistics +0.25 -0.25
tt+ > lc modelling +0.24 -0.23
Jet energy scale and resolution +0.19 -0.19
tt+light modelling +0.19 -0.18
Other background modelling +0.18 -0.18
Jet-vertex association, pileup modelling +0.12 -0.12
Luminosity +0.12 -0.12
ttZ modelling +0.06 -0.06
Light lepton (e, ) ID, 1solation, trigger +0.05 -0.05
Total systematic uncertainty +090 -0.75
tt+ > 1b normalisation +0.34 -0.34
tt+ > lc normalisation +0.14 -0.14
Statistical uncertainty +0.49 -0.49
Total uncertainty +1.02 -0.89

ruggs Production



ttH Production

Theory errors for the signal and
background are larger than many other

uncertainties affecting the signal strength!
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ttH Production: Current Status

e NLO corrections to the signal pp — ttH with on shell final-state particles

e QCD corrections with on shell final-state particles Beenakker et al *01,°02; Dawson et al *01-"03
e Parton-shower matching Frederix et al *11; Garzelli et al *11
e EW corrections with on shell final-state particles Frixione etal 14, 15 (stable top/Higgs);

Zhang et al *14 (NWA)
e QCD corrections with off shell tops Denneretal *15

e NLO corrections to the dominant background process pp — ttbb

® QCD correctlons Bredenstein et al *08-"10; Bevilacqua et al *09

e Parton-shower matching Kardos etal *13

e QCD corrections for massive bottom quarks and parton-shower matching cCascioli et al 13
e QCD corrections with off shell final-state particles Denner etal 15

e NLO corrections to the ttjj background

e QCD corrections Bevilacqua et al °10
e Parton-shower matching Hoeche et al *14
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ttH(—Dbb) 1n the Boosted Region

e Matching the fixed order NLO result to a parton shower for
ttbb showed a significant difference in the cross section
compared to pure NLO 1n the Higgs-signal region.

tth tthb | ttbb (mpy > 100) |
+71% +14% +66%+15% | +63%+17% |
ovo[fb) 264475500 D11y 463-356% 110y ! 123.47 559, “13% |
1+34% +5.6% 420% +5.4% +26%+6.5% |
onLo [fb] 3296 550, a0y 96075, Tage 1 14187507 s |
|

O'NLO/O'LO 1.25 1.21  1.15 I
|

+32% 4+3.9% 1+24%4+2.0% | 120%4+8.1%
omcaNLo [fb] 3313550 To00, 600 550 571 | 1817560 “6.0% :
omcanNLo /onLo  1.01 1.07 : 1.28 |

MST;VEOO_S _NL_O(_L(;) _4F PDFs

oMc@NLO/oNLO ~ 30% for mpp > 100GeV!
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ttH(—bb) 1n the Boosted Region

Cascioli, Maierhoefer, Moretti, Pozzorini, Siegert, 2013
Mbibs ARbl bo PT.bq

pr of 15 b-jet (ttbb cuts and miyy, > 100 GeV)

Mass of first two bjets (ttbb cuts) AR of 15t and 2™ b-jets (ttbb cuts and nryy > 100 GeV)
; ‘IIIII1TIIIIIYIIIIIIIIIIIIYIIIIIYIIIIYY e - llllIlIIllIIIAIII]JIlllllllllllllllllll
g 10" — — s, I | | | | | | % L i
9 SRR e LO = 107 O | om0 seess LO
é - === NLO .g .............. é 1 e _—— MC@NLO_‘:
2 t ms== MC@NLO | E £ FE MU --- NLO ]
5 L —— MC@NLOy, T ) b —— MC@NLOy;]
~ 5
S 1 - -
© 10" =

..... i 10 '

=== MC@NLO :
-—— NLO
—— MC@NLOs

SHERPA+OPENLOOPS

' 4%\4%%%%44%\—44@

SHERPA+OreNLooPs

’ gy [GeV] Y S 5 | T iew)

e MC@NLO enhancement at large mpiv2 ~125GeV, small

pT.b1 and ARpip2~1 = )
e Enhancement disappears almost completely when g—bb

splitting 1s switched off in shower (MC@NLO2p) = large

correction from double g—bb splitting
e Important new effect beyond NLO that affects the >

prediction
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ttH(—Dbb) 1n the Boosted Region

Understanding parton shower effects is

important to correctly model the signal
and background for ttH!
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Summary

Al NoT WHAT
R ¢ CIRQULAR CoULDERS
~ax Do FoR oY, ASK
WHA T YoU CAN Do 7R

Bl & CIRCVLAR CDU_JDHQS(

- Nima Arkani Cl-(amecf, Pheno conference 2016



