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Differential Higgs phenomenology at 80 fb~!

@ Precision Higgs measurements is progressing rapidly in the differential sector.
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@ New discoveries for Higgs production and decay — more differeital results.
e Combined measurements at 40 fb~! improve statistics (about + 40% error).
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Projection to the future
o LHC run Il > 300 fb~" o HL-LHC > 3000 fb~!

o pif error within £15% o pi error within £8%
o Resolving the difference from (dominant by sys. & lumi. error)
NLO+NNLL to NNLO+N3LL. o Resolving the theoretical

uncertainty at NNLO+N3LL.
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Recent progress of precision SM Higgs phenomenology

Higgs production from gluon fusion in heavy top EFT

o Exact total cross section at NSLO. B. Mistlberger [1802.00833]
o Towards fully differential N®LO (Falko's talk tomorrow) r put et i 1802 00827]
o Higgs pr distribution at NNLO—+NZLL. XC et. 2. [1805.00736]; W. Bizor et. al. [1805.05016]

Higgs production from gluon fusion with top mass effect

o NLO H+J with m; expansion at large Higgs pr from MCFM. 1. Neumann [1802.02081]
o NLO H+J with full SM m; dependence (next talk by Stephen).s. r. joneset. al. [1802.00349]
o NLO+NNLL Higgs pr distribution with m; expansion and top-bottom

interference. r Caola, J. M. Lindert, K. Melnikov, P. F. Monni, L. Tancredi and C. Wever [1804.07632]
Higgs pair production from gluon fusion

o Impressive progress (talks before the coffee break)
o NNLO HH EFT combined with NLO HH SM. . Grazzini, G. Heinrich et. al. [1803.02463]

Other Higgs production channels

o VBF to H + JJ at NNLO (CI’OSS check_). J. Cruz-Martinez et. al. [1802.02445]
o Associated WH production with H— bb at NNLO (cross check). F. caola et. al. [1712.06954]

Many other important progress but not enough space to list.

This talk focuss on the EFT gg fusion and inclusive Higgs decay.
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Higgs pT distributions predictions

o For measured Higgs pr regions ([0, 350]GeV), both FO pQCD (EFT or SM) and
resummation are involved (GeV):
small pr ~ [0, 40] medium pr ~ [40, 200] large pr > 200
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Higgs pr distributions at medium pp

@ Use effective interaction for ggH vertex in large top mass limit
(Higgs production @ LO — only §(pr) contribution):

@ The state-of-the-art FO predictions for medium Higgs pr region are @ NNLOEFT

(same framework of H+J @ NNLOEFT no jet algorithm but with small Higgs p5*

401000000000000011000000007

@ One of the first NNLO processes done with three different subtraction schemes
° pp — H + J Antenna subtraction. XC, Gehrmann, Glover and Jaquier [1408.5325], [1604.04085], [1607.08817]
o pp — H + J Sector Improved Decomposition subtraction. soughezal, Caola, Melnikov, Petriello,
Schulze [1302.6216], [1504.07922], [1508.02684]

e pp — H+J N—jettiness subtraction. Boughezal, Focke, Giele, Liu, Petriello [1505.03893]
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Higgs + Jet at (N)(N)LO

@ Structure of parton level pp — H + J up to NNLO (subtraction approach):

“H+R _ . B H+R
615 = / do
d®Ppi1

GHHR _ ~R,H+R
ONLO = / (doNro
APy 42

~V.H+R
+/ (donpo ™ —
dPy i1

Xuan Chen (University of Zurich)

~H+R _ ~RR,H+R ~S,H+R
ONNLO */ (doNNLo —doNNIO)
d®p 3

. S,H+R . RV,H+R ~T,H+R
—doyro ) + / (donnro —doNNLo)
dPp 42
~T,H+R . VV,H+R ~UH+R
donro ) + / (donNLo  —doNNLO)
d®y 1
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Higgs + Jet at (N)(N)LO

@ Structure of parton level pp — H + J up to NNLO (subtraction approach):

~H+R _ ~B,H+R ~H+R __ ~RR,H+R ~S,H+R
9o / doro ONNLO */ (doNNLo —doNNIO)
d®y 11 d®p 3
~H+R _ ~R,H+R ~S.H+R ~RV,H+R ~T,H+R
ONLO = / (doNro ~ —doXro ) + (donnro —doNNLo)
dCI)H+2 d‘i’H+2
~V,H+R ~T,H+R . VV,H+R ~UH+R
+ / (doNro —doNro ) +/ (donNLo  —doNNLO)
dPpy1 d®y 1

o Consistency requirement:

~T,H+R ~S,H+R
0:/ donTo —|—/ doNTo
d‘IZ'H+1 d<I>H+2

_ AS,H+R ~T,H+R LUH+R
0 —/ doNNLO +/ doNNLO +/ doNNLO
d®p i3 AP 12 AP p 1
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Higgs + Jet at (N)(N)LO

@ Structure of parton level pp — H + J up to NNLO (subtraction approach):

~H+R _ ~B,H+R ~H+R ~RR,H+R ~S,H+R
9o */ doro ONNLO */ (doNNLo —doNNIO)
d®y 11 d®p 3
~H+R _ ~RH+R ~S,H+R ~RV,H+R ~T,H+R
ONLO = / (doNro ~ —doXro ) + (donnro —doNNLo)
d<I)H+2 d‘i’H+2
~V,H+R ~T,H+R ~VV,H+R ~UH+R
+ / (doNro —doNro ) +/ (donNLo  —doNNLO)
dPpy1 d®y 1

o Consistency requirement:

B ~T,H+R ~S,H+R
0—/ donTo —|—/ doNTo
d‘bH+1 d<I>H+2
_ ~S,H+R AT, H+R LUH+R
0 —/ doNNLO +/ doNNLO +/ doNNLO
d®p i3 AP 12 AP p 1

@ Subtraction terms mimic the divergent behaviour of matrix elements
o Each bracket is IR divergent until apply Jet algorithm H+ R — H + J
@ The construction of red terms depends on different subtraction schemes

Xuan Chen (University of Zurich) Precision Higgs Phenomenology at N3LO Michigan State University, July 18, 2018 7/26



Higgs + Jet framework in NNLOJET
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XC, J. Cruz-Martinez, J. Currie, R. Gauld, A. Gehrmann-De Ridder, T. Gehrmann,
E.W.N. Glover, M. Hohfer, A. Huss, |. Majer, J. Mo, T. Morgan, J. Niehues, J. Pires,
D. Walker

@ Based on antenna subtraction method at NNLO

@ Analytical subtraction terms for process with initial and final colour particles

@ Remove Jet algorithm for H + J production at NNLO and apply p5** > 0 for H
o P.S. integration is divergent as p$** — 0
o Fully inclusive for Higgs production at pr > p5*t
o Challenges due to large dynamic region of scales (large numerical cancellations)
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Higgs pT Distributions from F.O.

° Uflo ~ d0(pr)

NNLOJET Preliminary pp—2H+=0jet my=125 GeV Vs = 13 TeV
1 min 60 PDF4LHC15 nnlo me LOH ——
rme=(1/4,1/2,1)-my,
40
20

do/dpf [pb]
o

20

—
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Higgs pT Distributions from F.O.

° Uflo ~ d0(pr)

NNLOJET Preliminary pp—2H+=0jet my=125 GeV Vs = 13 TeV
1 min 60 PDFALHC15 nnlo mc LO H+R
H+R - cut Prete=(1/4,1/2,1)-my, LOH ——
o doys " with p7** = 1GeV 40
20 min 20

do/dpf [pb]
o

20
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Higgs pT Distributions from F.O.

° Uflo ~ d0(pr)

NNLOJET Preliminary pp—2H+=0jet my=125 GeV Vs = 13 TeV
1 min 60 PDF4LHC15 nnlo mc LO H+R
H+R . cut __ Hr=pp=(1/4,1/2,1)-my NLOH —
o do;5 " with p7* = 1GeV OH ——
o 2" h
H g
° dypo el
a 0
3
. 5
kel
30 min 20
-40
-60
0 2 4, 6 8 10
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Higgs pT Distributions from F.O.

° Uflo ~ d0(pr)

1 min

o dof' 3™ with ps¥t = 1GeV

20 min

° daﬁLO

30 min

o doiTh with p§t = 1GeV

5h

Xuan Chen (University of Zurich)

NNLOJET Protminary pp I—» H+=0 ]et my=125 cf‘ev Vs =13TeV
60 PDFALHC15 nnlo mc NLO H+R
Pr=pE=(1/4,1/2,1)-my LO H+R
o Mg —
20

,_do/dp [pb]
o

N
o

A
o

&
S
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Higgs pT Distributions from F.O.

Uflo ~ d0(pr)

1 min

doPd with pgut =

20 min

H
donro

30 min

daﬁi’_g with p§#t =

5h

H
doNnLO

100 h

Xuan Chen (University of Zurich)

1GeV

1GeV

NNLOJET Preliminary pp—2H+=0jet m,=125 GeV Vs = 13 TeV
60 PDF4LHC15 nnlo mc NNLOH ——
Hr=He=(1/4,1/2,1)-my NLO H+R ———
LOH+R =
40 NLOH —

20

,_ do/dp [pb]
o

20

LOH
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Higgs pT Distributions from F.O.

Uflo ~ d0(pr)

1 min

do 5 with pgt = 1GeV

20 min
dU]I\jl[LO

30 min

do BB with ps#t = 1GeV

NLO
5h
do-ll\jI{NLO
100 h
do iR, with pget

10,000,000 h

Xuan Chen (University of Zurich)

NNLOJET Preliminary pp—2H+=0jet my=125 GeV Vs = 13 TeV
60 PDF4LHC15 nnlo mc NNLO H+R ——
rep=(1/4,1/2,1)-my, NNLOH ——
NLOH+R ——
LOH+R =

N
o

,_ do/dp [pb]
o

20

NLOH —
LOH ——

= 1GeV
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Higgs pT Distributions from F.O.

Uflo ~ d0(pr)

NNLOJET Preliminary pp—2H+=0jet my=125 GeV Vs = 13 TeV
1 min 60 PDF4LHC15 nnlo mc NNLO H+R —
HiR - cut HretE=(1/4,1/2,1) my; NNLOH ——
daLO with pr = 1GeV 0 NLO H+R ——
LO H+R
. NLOH ——
20 min 20 LOH ——
H g
donro T
a 0
k)
o [}
el
30 min 20
H+R - cut __
donio with p7* = 1GeV
-40
5h
. -60
donnro 0 2 4 h 6 8 10
PT
100 h
H+R H cut __ ..
donyro With p7* =1GeV o gmall pH scale variation explodes
o Compensation at §(pZf) for finite total X.S.
10,000,000 h P () for finite botal X3
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Higgs pT distributions at small pT

@ Higgs production scale is O(Mp) but the scale at 1 GeV pr is 1072 different
o Large log terms In*(M% /p3.)/p% dominant at small pr (singular terms do®)
o Non-singular contribution do” = do’/ & do® is unphysical
o Resum log divergence in do” at small pr T
e Match non-singluar and resummed contribution for physical o
pr distributions:
08
do’ ©do® @ do” s 5
g 06 2
c
@ do® and do” depends on resummation scheme = |‘—“3
@ Many choices for &, & and transition region %‘ § 04
o First focus on do™, theoretically one would except
0.2
0
do? —do® 2225 0
00
. . . 0 Ly 0
o P.S. integration of dof at small pr has large numerical qr (GeV)

cancellations from asympotic tri-soft, quard-collinear etc.
o Reality needs high numerical stability and careful validation
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Small pT singular behaviour validation

o Compare asympotic divergent behaviour from log terms between do/ and do®

pp—~H+=0jet 8 .
3,
120 . my=125GeV Vs =13 TeV ; : NNLO - NLL
80 PDFALHCIS  pr>0.7 GeV T X NNLO - NNLL »—=—
Y L 1 I, N L 1 NLO - NNLL
Fa0k T Hp=Hp=1/2:my 6 = & ¥ N
£ I T H
& of —i
oy T B
5 4 1
2N el N
Eo migewsosr | g T ST S
80 NNLOonyFO —— 1 & 4
NLO only FO —— ' pp->H, 13 TeV, my = 125 GeV
20 B, ) WE——3 o 4 _ _
o B =HE=my Q=my
4 [e]
_ u_w » PDF4LHC15 (NNLO) /
g2 ° 4/,,1/’
3 Ny M |
N I i
) | R B LY ) o G T
-4
1 i
- 05 1 15 2 25 3
1 10 100 H
pr [GeV] L =In(p, /GeV)
do® from SCET do® from RadISH
XC, T. Gehrmann, N. Glover, A. Huss, Y. Li, D. Neill, M. Schulze, I. Stewart, W. Bizon, XC, A. Gehrmann-De Ridder, T. Gehrmann, N. Glover, A. Huss, P.
H.X. Zhu [1805.00736] Monni, E. Re, L. Rottoli, P. Torrielli [1805.05916]
o Calculate do™ for pr > 0.7 GeV with or without py reweighting
o Excellent agreement between do/ and do® within numerical error (~ 1%)
3 Michigan State University, July 18, 2018 17 /
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Higgs pT distributions at small and medium pp

o Matched Higgs pr spectrum: daf\,NLO ©doynro ®doysrL

NNLOJET®SCET pp—H+=0jet my=125 GeV Vs = 13 TeV

1.4 NNLO LO@NLL =23 NLO@NNLL =23 NNLOeNSLL ==3
1.2

= PDF4LHC15

@ 1 Scale®@Profile

g variation of 66

208

8

3 0.6

b
0.

Ratio to NLO®NNLL

Additive matching with SCET

XC, T. Gehrmann, N. Glover, A. Huss, Y. Li, D. Neill, M. Schulze, |. Stewart,
H.X. Zhu [1805.00736]

@ Smooth transition for NNLO®N3LL and NNLO®N3LL

dx/d p [pb/GeV]

ratio to N®LL+NNLO

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

1.2

1

0.8

NNLL+NLO
NNLO 1
N3LL+NNLO B |

RadISH+NNLOJET, 13 TeV, my, = 125 GeV.
HR = Hf = My/2, Q = myy/2

PDF4LHC15 (NNLO)

u inties with g, uE, Q

0% % %% % % % %000 |
SREILLLE]

10 20 30 40 50 60 70 80 90 100 110 120
P [GeV]

Multiplicative matching with RadISH

W. Bizon, XC, A. Gehrmann-De Ridder, T. Gehrmann, N. Glover, A. Huss, P.

Monni, E. Re, L. Rottoli, P. Torrielli [1805.05916]

@ Scale variation reduced to ~ +10% at NNLO®N3LL
@ More details for NNLO®N3LL in Emanuele’s talk tomorrow

Xuan Chen (University of Zurich)
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Towards fully differential N3LO

NNLOJET Preliminary pp— H+=0jet my=125 GeV Vs =13 TeV
60 PDF4LHC15 nnlo mc NNLO H+R ——
rete=(1/4,1/2,1)-my, NNLOH ——

NLOH+R ——

LO H+R

o doN iR, with pst =1GeV

10,000,000 h 20

,_do/dp¥ [pb]
o

20
-40
-60
0 2 4 h 6 8 10
PT

Michigan State University, July 18, 2018 %g /
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Towards fully differential N3LO

NNLOUJET Preliminary pp—~H+=20jet my=125 GeV Vs =13 TeV

(o]
o

PDFALHC15 nnlo mc NNLO H+R ——
. Pp=pE=(1/4,1/2,1)-my NNLOH —
° do_H-i—R with pcut = 1GeV NLOH+R ——
NNLO T .
LO H+R
NLOH ——
LOH

I
o

10,000,000 h

o Compare to N3LO Higgs
production, everything above
p5+t is under control -20

N
o

dordp!f [pb]
o

@ Only missing piece is the

contribution below p§**

Missing first bin for N3LO

0 2 4 ) 8 10
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Towards fully differential N3LO

NNLOJET Proliminary pp= H+=20 ]et my=125 GveV\/s =13 TeV
60 PDF4LHC15 nnlo mc NNLO H+R ——
i HasHp=(1/4,12,1)-m NNLOH ——
dontio with pst =1GeV o " NLO H+R ——
LO H+R
NLOH ——
10,000,000 h =20 LOH ——
o
Compare to N3LO Higgs i,
production, everything above ¥
cut ; ©
p7*" is under control -20
Only missing piece is the w0l
contribution below p§**
ol Missing first bin for N3LO
0 2 4 6 8 10
oY
Transverse momentum subtraction formalism (gp subtraction) is the ideal tool!
First established in 2007 for colour singulet procuction at hadron collinders
Automation in MATRIX and matching to PS (Marius’ talk yesterday)
Extension to ¢ resummation (Massimiliano’s talk yesterday)
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Xuan Chen (University of Zurich) Precision Higgs Phenomenology at N LO 26



qr subtraction at N3LO
XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)
@ ¢p subtraction for Higgs production at general F.O. has the following structure:

H H H H+R His
donnro = Hnnpo ® doro + {d ONn-1LO dUN"LO:|

cut

3(pr) pr>pst

e In principle, (pr) contains form factor of Higgs and integrated dcrNifLO
o Design dopi, o — SR 0 ® doll, that §(pr) has the resummation form:

G. Bozzi, S. Catani et. al. [hep-ph/0508068]; S. Catani and M. Grazzini [hep-ph/0703012]; S. Catani, L. Cieri et. al. [1311.1654]

2 2 2 2
H pr Mg I M3 g M b
(Egsﬂ—auw (MZ Tg 7as> + Hgg<—a1a2 <§, 065)) & daLO = T idb

dz; N7
X JO(pr ]\[Ha H / 7fal/h Zis b) & do’;_g(o) ® [HHCIC2]gg<—a1a2

i=1,27%i

s.(00.0) = exof - | i da? [Agms(q?»lnﬂgf + 5,0 }

2
22 4
[HU CICZ]ggeab = Hél (as)[cga(zl; as)Cgb(ZZZ, as) + Gga(zl; as)ng(ZQ; as)]

Michigan State University, July 18, 2018 21 /
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qr subtraction at N3LO
XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)
@ The factorisation of 1, , ® dof, depends on resummation scheme choice
@ Above formulae is invariant under the following scheme transformation:

H;[(O‘S) — HgH(O‘S)[h(QS)]_l

AQ(QS) — AQ(QS)

By(as) = Byla) = flan) o)
C(G)ya(z:05) = C(G)galz: )b )2

@ Above ingredients can be expressed in series expasion of «;
@ Exact formulae from SCET, CSS or hard resummation schemes are transferable
@ Collect results from different schemes and transfrom into hard scheme

o All analytical formulae known for NNLO Higgs production

o For N®LO Higgs production, we only know some of the ingredients
A 5(SCET) T. Becher, M. Neubert [1405.4827]

B{Y — (SCET, CSS) Y. Li, H.X. Zhu [1604.01404]; A.A. Vladimirov [1610.05791]
G = glhe) [Hj’?“)]éfT) —(CSS) S. Catani, L. Cieri et. al. [1311.1654]
2
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qr subtraction at N3LO

XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)

H

@ The currently unknown pieces are inside H_ . .,

(z; as) with following structure:
84adqpd(1 = 2)Hy Pgrr + 850053 (2) + 0 Cle) (2)
+ (Géla) ® Gﬁ)) (2) + (Gg?ﬁ ® G;?) (2) = Crn30gadgud(1 — 2)
@ Use ('3 to approximate the unknown pieces

o (O3 is process dependent but independent of scale choices
o Cn3 contains exact unknown pieces propotional to §(1 — z)
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qr subtraction at N3LO

XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)

H

o The currently unknown pieces are inside H . ., (2; a;) with following structure:

84adqpd(1 = 2)Hy Pgrr + 850053 (2) + 0 Cle) (2)
+ (Gglg ® Gg)) (2) + (G;%} ® Gé?) (2) = Crn30gadgud(1 — 2)

@ Use C'y3 to approximate the unknown pieces
o (O3 is process dependent but independent of scale choices
o Cn3 contains exact unknown pieces propotional to §(1 — z)

@ ('y3 can be numerically determined using following strategy (N3LO exclusive):

H+R dUH;s

H _ H T H H
Cns®0Lo =0Nsp0 — HNsLo ® L0 - |:dJNNLO N3LO
d(pr)

cut

pr>pg

o Terms in black are available from previous discussions
° Uﬁ%o is taken from Higgs total cross section at N3LO using ihixs 2
B. Mistlberger [1802.00833]; F. Dulat, A. Lazopoulos and B. Mistlberger [1802.00827]
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Extraction of Cps
XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)

. . . ~400
Numerical abstraction of Cy3 using Tt

newly developed package HN3LO:
V5= 13TeV, My =125 Gev  f -

PDF4LHC15,cs(M.) = 0.118 g X % %

[ Preliminary s Benchmark g "=1GeV ]

Central scale ugr = up = My /2
With 7-point scale variaitons

g
=]
Pt =1,2,3,4,5--- GeV ~1000 %%
z
C'n3 independent of scale choices ©

5)
R

HRKRRS

20202 920.02029.

~1200 6 s R B
Cns independent of p§¥* at 1, 2, 3 F T Cys(u) : QT:::=1G3V 1
GeV _1apof- T Cel) 5 ar™=2GeV Vs=13 TeV _]
Benchmark value of Cy3s is S R T B
recommended at central scale 0 2 4 6 8

u[n Scale]

Ong = —942 4 222
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4

a** (pb)

N3LO Higgs total cross section and rapidity distribution
XC, L. Cieri, T. Ghermann, N. Glover, A. Huss (in progress)

With Cy3 approximation, the o&s,
and dUﬁSLO/dyH distributions are:

HN3LO+NNLOJET Preliminary

BRI RARAS RERES BEREE RESEs ey
50 '—— Vs=13 TeV o N’LO(;L) —_
L % NNLO(u) 1
[ = . ]
45— ©° X oI xX —
[ z |
< E i
40— 73 (cut) _ y. (cut)_ 7 -
A NLO(k) [0 ") =2GeV;Cys(ar ™ =1GeV )] )
[ ENLO() [a:*™M=1GeV; Cyy=0] ]
o | I |
20 40 60 80 100 120 140

Hur=pr] (GeV)

Total XS agree with exact results at level of 0.02%

do/dyy (pb)

ratio to NNLO

20

Preliminary
—T——

2 #==% NLO

—T T UL B
HNSLO + NNLOJET === NLO
NNLO

X == Lo

mlpgips] = (1/4,1/2,1) My
Vs=13 TeVH

|

N

RIKKL 000’000o’ooovovovo&:o:o:o:o’ RS
’:‘::0:0:0:0:0’0’0‘0’0‘0‘0’0’0’0’0’0‘0‘0’0’0’0’0‘0’0’0‘0 SRS

00096 % %%

S0.9.0.0.0.9.900.9.0 0000000

yH distribution take uncertainties from p$*, 7-scales and Cy3 uncertainty
Uncertainty reduction > 50%, flat k factor (~ 1.04 central) same as total XS
High rapidity region uncertainty mainly due to limited numerical statistics

Xuan Chen (University of Zurich)
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Summary and Outlook

@ Precision Higgs phenomenology progress rapidly in the past years
o Current [dL ~ 80 fb~! results on H differential distributions

o Theory tools include quark mass effect, EFT, resummation etc. include more and
more orders of as expansion

e Higgs pr distribution at small and medium p7 is now at NNLO+N3LL accuracy
o Logarithmic divergent behaviour at pr — 0 stablized in NNLOJET for NNLO

o Challenging resummation at N3LL in SCET and p-space factorisation formalism
o Different matching procedures result in almost idential NNLO+N3LL distributions
e Higgs production at approximated N32LO with Cy3
o Extend gr subtraction method to N3LO
pr # 0 calculated using H+JONNLO from NNLOJET package
d(pr) calculated using HN3LO package
Numerical approximation of unknown ingrediants using exact total cross section
Easy to upgrade to exact fully differential N3LO
Preliminary y* distribution indicate consistent results
More differential distributions at N3LO in the future

© ©6 6 6 6 o
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Summary and Outlook

@ Precision Higgs phenomenology progress rapidly in the past years

o Current [dL ~ 80 fb~! results on H differential distributions
o Theory tools include quark mass effect, EFT, resummation etc. include more and
more orders of as expansion

e Higgs pr distribution at small and medium p7 is now at NNLO+N3LL accuracy
o Logarithmic divergent behaviour at pr — 0 stablized in NNLOJET for NNLO
o Challenging resummation at N®*LL in SCET and p-space factorisation formalism
o Different matching procedures result in almost idential NNLO+N3LL distributions
e Higgs production at approximated N32LO with Cy3
o Extend gr subtraction method to N3LO
pr # 0 calculated using H+JONNLO from NNLOJET package
d(pr) calculated using HN3LO package
Numerical approximation of unknown ingrediants using exact total cross section
Easy to upgrade to exact fully differential N3LO
Preliminary y* distribution indicate consistent results
More differential distributions at N*LO in the future

Thank You for Your Attention!
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Validation of yg with C)

25 L e B
o wlup=ue] = (1/4,1/2,1) My ]
X 4
. . . . 200 X Lo —
@ Without available fully differential P oegey « ]
N®LO calculations, one could refer 3 f ool 3
to one order lower and test the Cya = | e x ]
approximation against exact NNLO ¥ 1of- °x . Vs=13 TeV ]
o L ]
results I 0 NNLO(Cy ; p=My) 5 5 . .
: - ; B=My/2 -
o Three scale results devided by 55 y Ezigig: ; Z=M:j4; B, . ]
exact NNLO distributions ol P P PR B ST TP
o Approximation with Cn2 (_ieviate Sto0af . . .
from exact NNLO by maximum = o002k x
Ewo o o5 wEE Y
~ 0.2% through out yg C [0,4] gLoooggggggQggggxﬁgn E
for all three scales Sogesfs x x X X XK 3
]
$0.996 - E
[ L 1 L
1 2 3 4
Yu

Cn20gadgb0(1 — 2) < 64a0gp0(1 — 2)[HE )] sor

(1)

+3aC (2) + 0CP (2) + (G @ GL) ) (2)
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Uncertainties in N3LO Higgs v distribution

25 [ T T T T T T T T T T T T T T T T ]

C HN3LO + NNLOJET Preliminary ]

XXX ]

20 — =

C wlpgipg] = (1/4,1/2,1) My ]
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& 15 — -]

- C ]

= C ]

g o 4

s 10— ]

-U - -

[ E==A N°LO[q "V =2GeV] .
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Higgs pT Distributions at Small pT

@ Accumulated finite (non-singular) contribution above p§** (=1,2,3 GeV)

H+R H;s
/ et [dUNNLO doniLo
pPT>Pr

: T T T I T T T T | T T T T | T T T T I T T T T |:
4 — —
L [ ]
; ¢ 32 T T g 4 Tz om]
L § § § i
~~ 3 — —
CIE LIS A o
£ b ]
& i ]
b - -
1 I B (u=My) ]
[ & (u=My/2) ]
r Vs=13 TeV i
0 L 1 1 1 | 1 1 1 1 | 1 L 1 1 | 1 1 1 1 | 1 1 1 1 | |_

2 4 6 8 10

QT(Wt) (GeV?
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Higgs pr anatomy at NNLO

@ Contribution from fixed order, singular and non-singular contributions to Higgs
pr in ggH EFT

10 . . i ' ‘ ‘
i " —_— pr >0.7 GeV
| N,\T,L-LOONsn iu'(])gt:;ar, ;Jc{//;iPT ___‘ 125 GV
! NNLOI);é |r e:’ g, p,T R Vs =13 TeV
RS g, e dpr PDFALHC15 |
L HR=Hp=1/2-my
S
Jo
g
-Ié 0.1
=
joR
3
©

o
o
=

i
1
}

i

pp—~H+=0jet -l."

0.001 f i E
1

20 40 60 80 100 120 140
pr [GeV]
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