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The legacy of run-I
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The legacy of run-I
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The legacy of run-I

Js=8 TeV

LHC HIGGS XS WG 2012

* Higher-order perturbative
computations

* Resummation program
* Reliable tools (PS, PDFs...)
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[Harlander, “First three years of the LHC”]
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The legacy of run-I
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You were right: There's a needle in this haystack...

The discovery and first characterization of the Higgs

boson went extremely fast, thanks to remarkable efforts in
the experimental and theoretical community.
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Run-II

Higgs physics: search for small deviations

A closer look to small effects

Double Higgs production and the Higgs self-coupling
[Grigo, Hoff et al (2013); de Florian, Mazzitelli (2013); Dolan, Englert et al (2013)]

New ways to measure Higgs properties
e ttH coupling [Campbell, Ellis et al; Curtin, Galloway et al (2013)]
* Higgs interferometry [Dixon and Siu (2003); Martin; Kauer, Passarino (2013)]
* Higgs to J/YY and the Hcc coupling [Bodwin, Petriello et al. (2013)]
* ['H from mass-shift in H->YY [Dixon, Li (2013)]
* ['1 from H->ZZ off-shell production [FC, Melnikov (2013)]

“No boson left behind”: high-mass Higgs searches

* the Higgs boson line-shape [Goria et al. (201 1), Franzosi et al. (2012)]

* signal-background interference at LO [Campbell, Ellis, Williams (201 1);
Kauer, Passarino (2012)] and beyond [Bonvini, FC et al. (2013)]
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Run-II

Higgs physics: search for small deviations
Push collider phenomenology to the boundaries

To the edge of pQCD: N3LO

[Anastasiou, Duhr, Dulat, Herzog, Mistlberger (2015)]

Going exclusive: cope with jet-bin analysis, gg/VBF

separation...

* H+3j @ NLO [Cullen et al, GoSam+MadDipole/MadEvent+Sherpa (2013)]

* resumming jet vetoes [Banfi et al.; Stewart, Tackmann et al. (2013); Liu and
Petriello (2013); Boughezal et al (2014); Becher et al (2014)]

e HIGGSHET @ NNLO

Always improving our tools:
* beyond m¢-> 00, mp -> 0 [Harlander et al, (2012); Grazzini, Sargsyan (2013)]
 PS matching @ NNLO [Hamilton et al, (2013), Hoeche et al (2014)]
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Run-II

[Dawson et al., Snowmass Higgs WG Report]

Table 1-8. Generic size of Higgs coupling modifications from the Standard Model values when all new
particles are M ~ 1 TeV and mixing angles satisfy precision electroweak fits. The Decoupling MSSM
numbers assume tan § = 3.2 and a stop mass of 1 T'eV' with X, = 0 for the k., prediction.

Model Ky Kb Ky
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—3-9% ~—9%
Top Partner ~ —2% ~ —2% ~ +1%
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Run-II

CMS Projection CMS Projection
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Scenario I: assume current theory uncertainties

Scenario II: Y2 x theory uncertainties, 1/sqrt(10) x other systematics
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H+jet at NNLO QCD

Higgs plus jet: jet-binned cross-sections

Experimental analyses for pp —H —WW (similar for TT):
binned according to jet multiplicity (different systematics)

222000E Ty A d projino +om = seesa @ Signal/background ratio for
5 ook reliminary 07 5o 3 ‘ 0
'“”1mm5 fE=8TeV, [ Ldt =20.7 it Ei aaﬂglﬂ'ﬁn E H+1, H+2 jets: ~ 10%
— " et Vs —
1EDU||:1:— H=ww' =g ey Bl H 125 GaV)

e Significance in the H+ljet
bin smaller, but not much

3 smaller, than significance in

E the H+0 jet bin

e LARGE THEORY ERROR
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H+jet at NNLO QCD

Jet-bin cross sections: what to do

The problem with jet-binned cross sections: large logs

Tine = 00 + 01 + ...

/

s 2 PT
— = ZCA 111'ra P
m Ty

—ZC' In? 2= pT
T M

For pt ~ 30 GeV: O(40%) correction.

A PRAGMATIC APPROACH:
* Small pr: resum these logs
* High pt: compute higher order corrections
 Combine the two approaches
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H+jet at NNLO QCD
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H+jet at NNLO QCD

ATLAS Simulation Preliminary
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H+jet at NNLO QCD

ATLAS Simulation Preliminary
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H+jet at NNLO QCD

Py veo)
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Jet (veto) resummation approach: very good shape

[Banfi et al.; Stewart, Tackmann et al. (201 3); Liu and Petriello
(2013); Boughezal et al (2014); Becher et al (2014); Dasgupta,

Dreyer, Salam, Soyez(2015)]
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* Logs more or less under control
~%0 * Improvement will come from

h.o. matching

Expect a transition for pt ~ 30 GeV

14/38



H+jet at NNLO QCD

« NNLO QCD predictions for H+jet have been achieved
in the Higgs Effective Theory

1 [ —
L=Locps— -C1HGy, G :1%
v

[Boughezal,Caola,Melnikov,Petriello,M.S.], [Chen,Gehrmann,Glover,Jaquier],
[Boughezal,Focke,Giele,Liu,Petriello]

* Finite quark mass effects have been studied

12 [ e [ Harlander, Ozeren; Pak, l{ngul, Steinhauser; Ball, Del Duca,

[ ppoH+X  Vs=8 TeV py=Hg=my=125 GeV | Marzani, Forte, Vicin;; Harlander, Mantler, Marzani, Ozeren

L NLO MSTW2008 NLO -

— within pr=30-120 GeV

O(2-7%) effect, almost flat correction

] [Grazzini,Sargsyan] 0]
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Blackboard:

- Partonic channels

- Anatomy of a NNLO correction

- Shopping list

- FKS-improved sector decomposition



H+jet at NNLO QCD

NNLO: same spirit, new problems to solve

Overlapping divergences — SECTOR DECOMPOSITION
[Binoth, Heinrich; Anastasiou, Melnikoy, Petriello (2004)]
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H+jet at NNLO QCD

Higgs plus jet: singularity structure

Much more complicated singularity structure. Collinear:

-~ Pygg @ |ir"’f:i|2 Pgg ® M’Ijj\g

X3

- PygPog © | M;1|”

tq -:_g ‘Sj g

Potential troubles: Si14, S24.53¢- Sgg; S1g9g- 5299 5399 and combinations

Finding a ‘good’ global parametrization is (very) hard
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H+jet at NNLO QCD

Sector-improved subtraction scheme [czakon 2010

HOWEVER: collinear sing. cannot occur all together

Troubles:
Lﬁ.ig : Sjg“ cmly

Troubles:

S-.igga Sgg c:nly

Can we make use of it, i.e.
can we single out different collinear directions!?

YES, just use the Frixione-Kunszt-Signer (FKS) partitioning

[Czakon (2010)]
1 = Z A91llE.92115

AP0 — 0 when g1||pi, gallpm, | # i, m # j
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H+jet at NNLO QCD

FKS redux

Again the NLO case [Frixione, Kunszt, Signer (1995)]

_ P2p3 + p1p3 + p1p2
pP2P3 + P1P3 + P1p2

/ M|? -1 dos =

l
/ (M |?paps dos —I—/ M2 p1p3 dos —I—/ (M |?p1p2 dos
P2pP3 + P1P3 + P1LP2 P2pP3 + pP1pP3 + p1p2 P2pP3 + P1P3 + P1pP2
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H+jet at NNLO QCD

Sector-improved subtraction scheme

Sector decomposition + FKS

f‘ﬂf‘gdé — Zf‘ﬂﬂgdqéﬂgiﬂiegzﬂj

Single collinear direction
~ parametrization of

ggH, DY, e*e- — dijets

- — e

/|M|2d¢mmlllﬁyz||1 .

Two (~uncorrelated) dir.

2 1 3
f|M| d(gﬁ.&gl” 92013 NLOM

No matter how complicated the process is,
it can be reduced to the sum of individual contributions. For each of

them, we know a sector decomposition-friendly PS parametrization
[Czakon (2010)]
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H+jet at NNLO QCD

Sector-improved subtraction and H+j

Worked-out details for RV: [Boughezal, Melnikov, Petriello (201 1)]

(Although we need a slight generalization)
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H+jet at NNLO QCD

Complexity
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H+jet at NNLO QCD

Complexity

subroutine gg jjjh tree(p,res}
real{dp), intent(in) :: p(4,6)
real{dp), intent(out) :: res
real{dp) :: me2gg,me2nf,me2nf 4 me2nf 5 me2nf 6
real{dp) :: sprod(5,5)
complex(dp) :: za(5,5),zb(5,5)

call spinoru(5,(/=-p(:,1),=-p(:,2),p(:,3),p(:,4),p(:,5)/),2za,2zb,sprod)

call me2 ggggg tree(1,2,3,4,5,za,zb,sprod,me2gqg)

call me2 qbqggg tree(4,5,1,2,3,za,zb,sprod,me2nf 4)
call me2 qbqggg tree(3,5,1,2,4,za,zb,sprod,me2nf 5)
call me2 gbgggg tree(3,4,1,2,5,za,zb,sprod,me2nt &)
me2nf = me2nf 4 * tagmsqgd + me2nft 5 * tagmsq5 + me2nf 6 * tagmsqg6

me2nf = zero

res = (_tagmsql * me2gg + twonf * me2nf)*avegg

end subroutine gg jjjh tree
# sel

RR: 13(gg)+21(qg), pdf ren.: 5(gg)+6(qg),
5D: 13(gg)+21(qg), UV ren.: 4(gg)+4(qg),
RV: 2(gg)+3(qg), 2-loops: 1(gg)+1(qg) 22/38



H+jet at NNLO QCD

Complexity

x1=buff+onet*real (yRnd(1),dp)

: ::::f-l“:t Liilimi; ;i;?gicln'il gluon in the CHMS xz:b”ff'ﬂ]nEt*reauand{2}-dp}
cos3 = 1.0 dp - 2.0 dp*x7 ) x3=buff+onet*real(yRnd(3),dp)
sin3 = sqrt(abs(1.0 dp - cos3**2)) ¥4=buff+onet*real(yRnd(4),dp)
phi3 = twopi*x8 x5=buff+onet*sin(pi*real(yRnd(5), kind=dp)/two)**2
e xx(1l) =
F=- - - gLuan o
cos5 = 1.0 dp - two*x3 ! -- 1lab frame x%(2:4+ndim dc)=buff+onet*real(yRnd(G:8+ndim dc),dp)
sin5 = sqrt(abs(1.0 dp - cos5**2))
phi5 = twopi*x6
hi53 = phi5+phi3
[ gluon I ;a0 Trame if (x1*x2#*x3#x4 .1t. cbuff) return
cosd = -1.0 dp + two*xd N
sind = sqrt(abs(1.0 dp) - cosd4**2)
= le-10...1e-12

phid = twopi*x5

phid3 = phid+phi3

IDECS 1if( withpdf.ge.1)

xmax = 1.0 dp xa = buff+onet*real(yRnd(%+ndim dc),dp)
if (xl.eq.0.9 dp) then xb = buff+onet*real(yRnd(18+ndim dc),dp)
param = 2.0 dp IDECS else -
else ) _
param = (1.0 dp - x1)/x1/(1.0 dp - beta2*xl*etad5) Xa = one
endif ¥b = one
max = param IDECS endif
emaxlocal*x1*x2*xmax l
emaxlocal*xl
pl:,4) = Eg4*(/one,nd(1),n4(2),nd(3)/) i
p(:,5) = Eg5*(/one,n5(1),n5(2),n5(3)/) 'DECS if { withhisto.eg.1)
IDECS if ( withgp.eq.0) le-7
pl:,1) = sqrts/two*(/one,zero,zero,one/) i '
pl:.2) = sqrts/two*(/one,zero,zero,-one/)
Q(:) = p(:,1) + p(:,2) - pl:,5) - pl:,4)
02 = scr(Q,q) else
Eg3 = (02- mh**2)/two/(sqrts - Egd*{one-sc3(n3,n4)) & #include './inc/rr dc m2 obs.f9@"

- Eg5*(one-sc3(n3,n3)) )

pl:,3) = Eg3*(/one,sin3*cos(phi3),sin3*sin(phi3), cos3/) endif

IDECS endif
IDECS else
[Nl £ 4 s e R 1 | 23/38



H+jet at NNLO QCD

[maschulz@lxplus®e94 cluster] 1s
[maschulz@lxplus®e94 cluster] 1 Run times:
total 44M .

-rwxr-xr-x. 1 maschulz t3 44M Jul 14 01:32 hjet (stable Higgs boson)
-rw-r--r--. 1 maschulz t3 795 Jul 14 81:32 hjet.cfg

-rwxr--r--. 1 maschulz t3 37K Jul 14 81:32 sub pdf nnlo.sh . -
[maschulz@lxplus®@94 cluster]$ more sub pdf nnlo.sh RR: 36h / sector
bsub -n 8,8 -C 1 -W 48:80 -q 2nd rr 41 51 1 epo @ c18 mh gg 11111188 NN pdf.

sleep 1 RV: ~36h / sector
bsub -n 8,8 -C 1 -W 48:80 -q 2nd rr 41 2 epo @ c10 mh gg 11111188 NN pdf.

5leep
bsub -r
sleep
bsub -r
sleep
bsub -1
sleep
bsub -r
5leep
bsub -r
sleep
bsub -r
sleep

:
1
18,8 -C 1 -W 48:00 -q 2nd rr 41 51 3 epo © mh gg 11111160 NN pdf.st rest: negligible
1
L
1
L
1
L
1
L
1
L
1

bsub -n 8,8 - -W 48:00 - nd rr epo mh gg 11111100 NN pdf.
1
L
1
L
1
L
1
L
1
L
1
L
1
L

8,8 - -W 48:00 - ' T 41 epo mh gg 11111188 NN pdf.
8,8 - -W 48:00 - j T 5 epo mh gg 11111188 NN pdf.
8,8 - -W 48:80 -q 2nd rr epo mh gg 11111188 NN pdf.
8,8 - -W :00 -q 2nd rr epo mh gg 11111186 NN pdf.

8,8 - -W 48:80 -q 2nd rr epo mh gg 11111188 NN pdf.

sleep
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Cross checks

* Two independent calculations and implementations: point-wise comparisons and
integrated sectors for 80 different points in sqrt(shat)

 Cancellation of 1/eps™4,3,2,1 poles for total cross section and histograms

* Soft/collinear limit checks, point-wise cancellation and scaling behavior

 Analytic integration of some soft and collinear limits in RV

 Point-wise checks of 4-dim. LO matrix elements with Madgraph

 NLO 1- and 2-jet cross section/histograms checked against MCFM

» eps-dim. amplitudes checked against “brute-force” analytic calculation

* Checks of phase-space volume, D-dim. rotation invariance, FKS partitioning

» Independence on variation of technical cut-offs

* Implementation of 2-loop amplitude numerically checked against PETER [Becher et al.]

 Explicit scale variation checked against RGE predictions

 Confirmation by [Boughezal, Focke,Giele,Liu,Petriello] using n-jetiness + MCFM
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Cross checks

cancellation of /€ poles

NUMERICAL CANCELLATION between
renormalization and coll. couterterms, RR, RV, VV

400 1 I I I I I I I I ~ 20 -
[} 0.1 02 03 04 05 06 0.7 08 059 1 .

B -100 =

150 | -
3 — Sth
B=,/1-22"

! i 300 | | | | | | | 1 |
‘9 4] 0.1 0.2 0.3 0.4 05 06 07 0.8 09 1

B
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10

Cross checks

cancellation of /€ poles

NUMERICAL CANCELLATION between
renormalization and coll. couterterms, RR, RV, VV

By O O P e D e e
EETT s s s s T

i i
01 02 03 04 05 06 O0F 08 05

B

Better than per mill
cancellation at | /€

I I I I 1
0 01 02 03 04 05 086 OF 08 05
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Cross checks

limits and scaling

Subtraction terms should match the full amplitude in singular limits

Double soft limit, 4111, 5112 Triple collinear limit, 4113, 5113, sector 1
T T T 800 T T _| 1z
tt:::g}i — | 700 |- EE—” ——
2 ] g 600 - ]
: : s Wor . 1
5 i S apo - am .
[ ] 1]
£ 1 I " -
; _ = 200 L BT - 2o 0 n‘_
] 100 | .
o o112 4::11]'12_.- :S:dlﬂ'm- Ex‘;ﬂ'12 1wl A0 Ex10 0 s5x107 =10
Lixq) Lixg)
Soft limits: Collinear limits:
lim 1— F(z1)/F(0) ~ z im 1 — F(x9)/F(0) ~ /2
1 1

x1—0 r2—0
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Cross checks

H+21@NLO for >2-jet observables

+JNLO

MCFEM, H+2J@NLD .

qg H=mH

Very good agreement with
MCFM, channel by channel,
with different settings

120

' ' " HedNLO ——

MCFNM, H+2J@NLO

g8 H=2my

110 120

30 40 50

&0 70 80 a0 100

NLO best prediction qqg and gg-only
L us MCFM s MCFM
po=mmp/2 | 20214+ 3.7-1079 | 2027.1 £ 6.2- 10190 | 19404 £+ 3.7-10-7 | 1938.0
pw=my | 1710.1+21-107" | 1712.0+3.3-10"9% | 16595+ 2.1-10° " | 1656.3
w=2my | 13496+ 1.6-107" | 1356.1+£2.1- 10" | 13150+ 1.6- 10" | 1317.2
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H+jet at NNLO QCD

a [fhj

Higgs plus Jet at NNLO: LHCS8 results

s000

TO00 -
GO0 -
2000 —
4000 -

000 E

Sample setup (any setup can be easily considered)
e EFT; anti-kr, R=0.5, prcu = 30 GeV
* NNPDF23 parton sets, py=mu=125 GeV

oLo =3.9777 pb
ONLO — 5 G_H pb

o +(1.5
onNLO = 6.7 ¢ pb

NNLO I\I‘HL.'[)

SPDFr;lLHC‘ 5%

1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L | L 1 L 1
40 60 &0 1000 120 140 1600 1s0 200 220 240 PDF
i [GeV]

Sizable corrections, significantly reduced scale uncertainty

| Kma o~ 20%, Kolll2 ~ 4%
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a [fhj

Higgs plus Jet at NNLO: LHCS8 results

Sample setup (any setup can be easily considered)
e EFT; anti-kr, R=0.5, prcu = 30 GeV
* NNPDF23 parton sets, y=mp=125 GeV

s000
7000 -
GO0 -
2000 —

000 1

- Ko ~ 20%, K™ma/2 49,

000 E

3‘PDF4LHC‘ 5%

1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L | L 1 L 1
i o0 80 100 120 140 160 180 200 220 240 PDF
i [GeV]

Sizable corrections, significantly reduced scale uncertainty
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i LO o 4150
Phys. Rev. Lett. 115 (2015)8, 082003; LO
y ( ) NLO g | 5
NNLO mm g
e reasonable convergence : NNPDF2.3, 8 TeV 4 100 £
. . . . . T
also for kinematic distributions o
o
[

e reduced shape changes at NNLO 1 5o &
g
=

-] I : - 0

N 1.5

|| NNLO __ 1

L| NLO ] 0 -
1 | LD

0 25

T T PLH [GGV}

LO ]

£ 6000 NLO o |

. NNLO pmm |

E 4500 NNPDF2.3, 8 TeV _

S

73000 1« investigating the pt(jet)-cut

2 1500 ] dependence suggests that

© - pert. theory is reliable at 30 GeV

0 ' ' : '
150 L S S ;NLO‘/LO '
0 I S S T R ERPTEEPT PN
F . NNLO/NLO ——
50 75 100 125 150 175
P1,cut [GeV] 31/38
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Fiducial volume cross sections
.
arXiv: 1508.02684 [hep-ph]

pp - H+j - yy +j
closely following ATLAS 8 TeV analysis; JHEP 1409, 112 (2014)

r r T T T T T T T T T I\JO
anti-k, algorithm = 02r NLO mmm |
3 NNLO |
AR = 04 and p; ; > 30 GeV = NNPDF2.3, & TeV -
—4.4 < y; < 4.4 <
P14 > max (25 GeV,0.35 m..) <
)
p1~, > max (25 GeV,0.25 m..) )
| < 237, AR,; > 04

+2.32 fid +1.76 fid  _  gr+0.58
1o = 5437155 b, oxjo =T.98%1%6 b, oxnLo = 9457535 f,

» selection criteria do not spoil perturbation series
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Fiducial volume cross sections
.
arXiv: 1508.02684 [hep-ph]

pp - H+j - yy +j
closely following ATLAS 8 TeV analysis; JHEP 1409, 112 (2014)

anti-k; algorithm

AR = 04 and p, ; > 30 GeV
—4.4 < y; < 4.4

P14 > max (25 GeV,0.35 m..)

p1~, > max (25 GeV,0.25 m..)

ly,| < 237, AR,; > 04

Ocuts

acceptance A =
Otot

tb/10 GeV]

do/dp, -,

ALo = 0.594(4),  Anro = 0.614(3),

LO o |
NLO pmmm
NNLO mmm

NNPDF2.3, 8 TeV 7

AN NLO

* acceptance is predicted reliably at NLO
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do /dy,, [fb/0.25]

do/dy,, [fb/0.25]

[

I 1 I LD T | T I T I T I T I LD T ]
6 NLO m= = 02l . NLO = |
NNLO e | 3 _ R NNLO m=m |
NNPDF2.3, 8 TeV = - 23 NNPDF2.3, 8 TeV
4l = 015} -
i ) |
= 01}
2 i & _
Pg 0.05 | ;
~ |
| —
0 Rl e ———
P s :::::::{::::: ...............................................................................................
1 L b NNLQ/NLQ: e e o
50 75 100 125 150
Piy [GeV]
T T T T LD T _ T T T T T T T T LD T
NLO = 1 > 03 NLO == ]
NNLO pm 3 R NNLO mmm |
___________ NNPDF2.3, 8 TeV | = 3 NNPDF2.3, 8 TeV
fiedetidedet _:_:_:_:_::w | —  (02L _
e = [
T rc;
i _ = 01
=
T
1 B
= =
1 1 : 1 1 [I 1
1.5 1
1

0




do /dcos0* [th/0.1]

H+jet at NNLO QCD

T I I I LO T |
19 NLO g
B NNLO mmm |
. NNPDF2.3, 8 TeV |
6L ]
3L
) oo ! ! !
15 :::N:l:@zf%@::'g """""""""""" R S SR
L ENNTO)NIO e
0 0.2 0.4 0.6 0.8 1
cos #*
I||| o6 T A T TR
"'f_ 0.14f
1.'—-*/\“ ){ z' 0.12f
,#}-'{ z}v"é: \ 0.
p -~ )(;%:‘f"_f?* ___"'.\Z 0.08f
N A 0.06
) Ifi)t}‘ A ,r”/f} A 0.04f
! - & \ att
\/ % ﬁ/fﬁuiﬁ’f 0.02]

 Photon decay angles in
the Collins-Soper
reference frame is
important for studying
the spin-parity
properties of the Higgs

e We find flat corrections
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e Comparison with data

fid =40.58
onnNLo = 945755 th,

JHJFJ(S TeV) = 21.5 & 5.3(stat.) 35 (syst.) & 0.6(lumi) fb.

15 L LO ] 1. , ,
NLO m=m - Lo ]
I NNLO = i NLO == 1
121 r ATLAS —e— | NNLO mmm |
= L ATLAS —e— |
L €
0
-
ot . = l
i |
= [ —— ‘
5 E |
30 60 a0 120
Mjet,erc P14 [Ge‘\f]

e Central value by ATLAS is higher by a factor 2.1-2.5
e This difference translates to approximately 2.4 standard deviations

e This mismatch is larger than in incl. Higgs production (factor 1.4) 15 /38
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Fiducial volume cross sections
.
arXiv: 1508.02684 [hep-ph]

pp - H+j -» WW+j - 41 +j
closely following CMS 8 TeV analysis; JHEP1401,096 (2014)

18 | | ' LO ]
anti-k, algorithm . i Nﬁ%g E ]
SEpSESEeeeeRegl 1
AR =04 and p, ; > 30 GeV . ] NNPDF2.3, 13 TeV
—4.7 <y; <4.7 8 g
[y
[
P = 20 GeV EJ_imiﬁh- = 20 GeV. 6 I
my > 12 GE‘TV?; PLu = 30 GeV 3__

m, = \/Q;IJJ_J,;EJ_JHM(I — oS Ay miss) = 30 GeV 0

ot =13.0757 b, onio = 186737 th, ohio = 21.9772 fb.
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do/dpl?ﬁ [fb/lO GGV]

do/dmy+;- [fh/10 GeV]|

0.5

0.4

retateretel
R

" LO ]
NLO = {
NNLO mm |

NNPDF2.3, 13 TeV A

' ' ' LO |
NLO ==

CATE AT NNLO _

] NNPDF2.3, 13 TeV |

70 80

do/dAdu  [fb/(x/10)]

do/dm, [fb/10 GeV]

[ )
[R5

L L L 'LO ]
NLO = |
NNLO mm

NNPDF2.3, 13 TeV |

0.5

04t

0.3

0.2

0.1

LO
NLO ==
NNLO mm

NNPDF2.3, 13 TeV

 —
-------------

vvvvvvvvvvvvv

[ NNLO/NL

30 40 50 60

70 80 90 100 110 120 130

m [GBV]
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e ratio of cross sections:

many experimental & theoretical uncertainties cancel

Ryww/yy =

W Iﬂ"’_w&?"— L 7 , 13 TeV
H+j

vv,8 TeV
H+j

= 2.39

—0.06
+0.04:

2.33

—0.04
+0.05°

2.32

—0.04
+0.02>

 we are able to predict R with the precision of better than 2%
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H+jet at NNLO QCD

SUMMARY:

* We have completed a full NNLO QCD computation for pp — Higgs+jet

 We predict differential distributions in the fiducial detector volume,

accounting for the main decay channels of the Higgs boson

e NNLO corrections are moderate (~20%) for the total cross section and

differential distributions (even in the case of selection cuts)

 We find no indication that perturbative QCD breaks down and requires

resummation for the jet cut as low as 30 GeV

e Scale variation + pdf variation suggests an uncertainty of <10%
(less than half of the NLO prediction) and even better for ratios

of cross sections



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

