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Matching with PS in bbH:
current state of the art

 Cross-section FO @N°LO
Duhr, Dulat, Mistlberger [1904.09990]

« NNLOpecp + PS Aparna’s talk

2/14 2nd Workshop on Tools for High Precision LHC Simulations
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Matching with PS in bbH:
current state of the art

 Cross-section FO @N°LO
Duhr, Dulat, Mistlberger [1904.09990]

« NNLOpecp + PS Aparna’s talk

e Cross-section FO @NLO

Dittmaier, Kramer, Spira [hep-ph/0309204]

« NLOpcp + PS Wiesemann, Frederix, Frixione, Hirschi,

Maltoni, Torrielli [1409.5301]
Jager, Reina, Wackeroth [1509.05843]

« NLOpcp + PS combined with NLOgy

Pagani, Shao, Zaro [2005.10277]

« NNLOpcp + PS This talk

2/14 2nd Workshop on Tools for High Precision LHC Simulations
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Yukawa in MiNNLOpPs - v d

— \ ————H —__H
The MS running of this Born couplings - /
0 b b
610 ~ (") " M () :
(ng=0,mz=72) (ng=2,mg=72)

requires some adaptations.
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Yukawa in MiNNLOpPs - v d

— \ ————H —__H
The MS running of this Born couplings - /
0 b b
oo ~ A (") Yy, ) :
(ng=0,mz=72) (ng=2,mg=72)

requires some adaptations.

HW 5 single log(//tl(go)’y)
H® > single and double lOg(//tI(eO)’y ) and mixed terms ~ ngmylog ”I(QO)’G log ul(eo)’y

B% > HW 5 single log(//téo)’y)
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Yukawa in MiNNLOpPs - v d

— \ ————H —__H
The MS running of this Born couplings - /
0 b b
oo ~ A (") Yy, ) :
(ng=0,mz=72) (ng=2,mg=72)

requires some adaptations.

HW 5 single log(//tl(go)’y)
H® > single and double lOg(//tI(eO)’y ) and mixed terms ~ ngmylog /’tz(eO)’a log ngO)’y

B > HW 5 single lOg(//tg))’y)
The Yukawa scale has an interplay with the renormalisation and resummation scale factors

KR
4s(Fr) —= &s EJ") H® > log K log ,ug))’y and log K, log ,ug))’y
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POWHEG implementation
NLOPs Hbb

For future studies, we provided NLO+PS predictions for the
ylf contribution in Hbb.

We checked our code against the public one.
Jager, Reina, Wackeroth [1509.05843]

We can perform predictions with new settings since we
disentangled the Born scales.

(%, piY) NLOps

H

default (=5, mmu) 0.381(2)F222% pb
T

(&, &1) 0.406(4) T 15:5% pb

_ 2, 2
Hy = Z \/mi + D1
b,b,H
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POWHEG implementation
NLOPs Hbb

For future studies, we provided NLO+PS predictions for the
y[f contribution in Hbb.

We checked our code against the public one.
Jager, Reina, Wackeroth [1509.05843]

We can perform predictions with new settings since we
disentangled the Born scales.

("%, ) NLOps
default (ZE, mu) 0.381(2)29-2% pb
(Hx, Hry | 0.406(4)F155% pb

\/m +pTl
b.b,H
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NLOPs Hbbj

The starting point of our
calculation is the

POWHEG + 1j
generator.

We used Openl.oops as
amplitude provider (setting

y,=0) and inserted a

transverse momentum cut
for the Born jet.

2nd Workshop on Tools for High Precision LHC Simulations



MINLO’

B(®,,)) = e =S {B (1 — a(pr) 5(1)) + V+

Jdgbde + [DO(pA X Feor }

NOeg

In MINLO’ there are no cancellations of the
large log(m,) in the real (RV, RR) contributions.

We need the VV contribution to cancel the
quasi-collinear divergences.

Same behaviour observed in bbZ ¢~

C. Biello, NNLO+PS predictions for bbH production in the four-flavour scheme 5/14 2nd Workshop on Tools for High Precision LHC Simulations



MINLO’
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Two-loop approximation

The double virtual correction for massive bottoms is not known.

Approximation by retaining all the log-enhanced contributions through the
massification procedure.

2 1y
| AP = log(my,)-terms + const. + O 0

g
Q
Z

Z(2) | ofV) ) + Z (D | of D ) + Z () | of %) )
my,= my,= my,=

MINNLOPS with only logarithmic contributions in the VV predicts a total cross-
section bigger than the NLO+PS one.

(i, p 9y NLOps MiNLO’ MINNLOps (F©@ = 0)
Br mpy) | 0.381(2)1222% pb | 0.277(5)1323% pb 0.434(1)T82% pb
(Ex, L) 0.406(4)T15%% pb | 0.315(3)132:5% pb 0.443(9) 597 pb
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Two-loop approximation

The double virtual correction for massive bottoms is not known.

Approximation by retaining all the log-enhanced contributions through the

massification procedure.

\427(2)) = log(my,)-terms + const. + O

Z(2) | Q[(O) \+ F Z (D | Qy(l) \+ F Z () | Qy@) )

my,

Q

How to evaluate the
massless two-loop?

MINNLOPS with only logarithmic contributions in the VV predicts a total cross-
section bigger than the NLO+PS one.

(i, p 9y NLOps MiNLO’ MINNLOps (F©@ = 0)
Bt my) | 0.381(2)720-2% pb | 0.277(5)325% pb 0.434(1)F¢
(Zx, Zx) 1 0.406(4) 155 pb | 0.315(3)T30%% pb | 0. 443(9)+4 g

C. Biello, NNLO+PS predictions for bbH production in the four-flavour scheme
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Massless two-loop library

WL o e rxruwina

‘twistor
We used analytic two-loop amplitudes for massless bottoms Nariok\es

computed in the leading color approximation.
Badger, Hartanto, Krys, Zoia [2107.14733]

J
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Massless two-loop library

We used analytic two-loop amplitudes for massless bottoms
computed in the leading color approximation.

Badger, Hartanto, Krys, Zoia [2107.14733]

For fast numerical evaluation, we derived a mapping for the

Mls In order to use the PentagonFunctions library
[2009.07803, 2110.10111]

[2107.14733 ] [241010114]]

Al

M__-[_ — One-mass :Pen"cajo»’\;

Chrcherin , So f‘nfkov, Zo(a_
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Massless two-loop library

We used analytic two-loop amplitudes for massless bottoms
computed in the leading color approximation.

Badger, Hartanto, Krys, Zoia [2107.14733]

For fast numerical evaluation, we derived a mapping for the

Mls In order to use the PentagonFunctions library
[2009.07803, 2110.10111]

[21 07.l4753] Ez1 40.40444]

Al

M__-[_ — One-mass :Pen"cajo»’\;

Chrcherin , Sotnikov, Zola
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Massless two-loop library

We used analytic two-loop amplitudes for massless bottoms
computed in the leading color approximation.

Badger, Hartanto, Krys, Zoia [2107.14733]

For fast numerical evaluation, we derived a mapping for the

Mls In order to use the PentagonFunctions library
[2009.07803, 2110.10111]

|l oAN7 11,7272
Ad OV i /IS N
Le A _712 ¥ | - l'::_:J

[2110.10111 ]

Al

M—_-[_ — One-mass :Pen"cado»’\;

Chrcherin , So f‘nfkov, Zo(a_

C++ code interfaced with POWHEG:
~ 3 sec for each PS point in double precision
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Original massification

First two-loop massification in Bhabha scattering Penin [hep-ph/0508127]
1 :
Extension for non-abelian theories from factorisation principles q 15
. = e
Untversale factor=s Mitov, Moch [hep-ph/0612149] 2 gg

o4 Al Ly \’
(Mi'e>> N A= Mo (Z\<—/1_z., 0(3(}*2),63> l CA (mi:—o’ e>>

g e o Q
— 2

First check in gg — QQ

Czakon, Mitov, Moch [0705.1975]
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Original massification

First two-loop massification in Bhabha scattering Penin [hep-ph/0508127]

Extension for non-abelian theories from factorisation principles
Mitov, Moch [hep-ph/0612149]

Universad_ -fac:forx

2 4{?—
,M(Mi,€>> = -‘T (Z\<—;“-:2—) 0(3(}'*2),6)> l CA (mizol e)>

A = MO\

extemal \aa/.)

™
(g First check in gg — QQ
Czakon, Mitov, Moch [0705.1975]

Mapping 7 : PS,, = PS, -
1,5 Preserves the total momentum of bb

11, @volds a collinear singularity
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Generalised massification | W@

First massification of internal loops in Bhabha using the SCET formalism
Becher, Melnikov [0704.3582]

GCENERALISED
MASSIFIcATION

Recent application for QCD amplitudes Wang, Xia, Yang, Ye [2312.12242]
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Generalised massification | /W<O

First massification of internal loops in Bhabha using the SCET formalism

ﬂ

Becher, Melnikov [0704.3582)] gg" 2%
Recent application for QCD amplitudes Wang, Xia, Yang, Ye [2312.12242] = g §
i =TT Z20m)" SC9) | o> x,
t\ﬁ(\) Zﬁcﬁ_ O3B effects g

T T;
We applied decoupling relations for a, and MS Yukawa g
=

Jb

-—

YD) = y () (1 + aj(u) - logs) FD - F@ 4+ logs
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Comparison between
the flavour schemes




FS comparison: LO

b o nggs Tevatron Workshop, 1998
.H 0(pp—>hs\i+\) [pb]
Vs =2 TeV
- @ LD 10 M, = 175 GeV
CTEQ4M
— |
b
-1
10
CQQL/ 10~

10 B T Y Y T |.. . i
30 100 120 140 160 180 20(
' My, S MI GeV]

Large differences in the predictions were first observed at leading order: the effect of

collinear resummation is extremely large.

Factorisation scales were tuned In order to improve the agreement (//tgF S = ,ulffF > /4).
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FS comparison: NLO and NNLO

b

Ymy) -+
_—— @NLO?_S

(@ MiNNLO
Wt approx \JV
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FS comparison: Higgs rapidity

do/dyy [fb] op->H(bb)@LHC 13 TeV
R B L B L

250

. L L L I 17 11 I I I I
: ......... NLOpg (5FS) :
20F o 7 — NLOpg (4FS) -

150 T T ey N h

100 |

50 |
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do/dyy [fb]

pp->H(bb)@LHC 13 TeV

EEEEERERRERE | | |
- e ‘
T MNNLOes (5FS) |
~ aed  — MINNLOpg (4FS-GM) ...
ST e e B BN BN B B B B BN B B B BN B BN B B BN BN BN B B BN BN BN B B B B B o O
O/dOMiNNLOps (5FS)
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FS comparison: Higgs spectrum

- do/de L [fo/GeV] pp->H(bb)@LHC 13 TeV 8 do/de 0 [fb/GeV] pp->H(bb)@LHC 13 TeV
S R e e R L I e e
0E e i NLOpg (5FS) 1 16k MINNLOps (5FS)
S - NLOps ( FS) j : 14 i, R — M|NN|—OPS (4FS GM) ........ -

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
PT.H PTH
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Summary and outlook

e Implementation of the MINNLOPS method for bbH in 4FS with MS Yukawa

* Approximation of the VV correction using the massification procedure
* For external bottoms

* For internal bottom loops

* The theoretical tension between the 4FS and 5FS predictions significantly
decreases at NNLO: they agree within the scale uncertainty

o We can perform a b-tagging of the MINNLOPS events

o A combination of 4FS and 5FS results can improve the description of the process
In the whole phase space at differential level

C. Biello, NNLO+PS predictions for bbH production in the four-flavour scheme 14/14 2nd Workshop on Tools for High Precision LHC Simulations
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Cross-section details

Kk | Kr | MINLO ?(/I)fiil.\%dgsl):) ?éI;Nl\%[ZI;S)
1 |1 0.277(0) 0.460(7) 0.464(9)
1 | 2 0.268(8) 0.465(2) 0.470(7)
2 |1 0.192(5) 0.403(0) 0.408(1)
2 | 2 0.195(5) 0.407(0) 0.412(1)
1 | 3 0.258(9) 0.457(8) 0.466(0)
L1 0.382(7) 0.520(7) 0.527(4)
13 0.375(3) 0.519(3) 0.525(1)
0.277(0)* 575 pb | 0.460(7)* 137 pb | 0.464(9)*137 pb

NLO+PS (5FS) | NLO+PS (4FS) | MINNLOps (SFS) | MINNLOpg (4FS-GM)

0.677(2) 114 pb | 0.381(0)* 1% pb | 0.509(8)*30%pb |  0.469(2)F 3% pb
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Massive-massless mapping

C. Biello, Backup slides

We fix the 4-momenta of the incoming partons and the Higgs state k5. We want to maintain the invariant
mass of the pair 3 3
mqq = (ks + ka)* = (ks + ka)*.

We introduce the factors

1+ 4m?
P+ = zp,pZ\/l— 2Q (3)
p maq

and we define the new momenta as a linear combination of the old ones as follows in the quark-channel,

Ky = prkb — p_ki, (4)
ki = p+ki — p—k3. ()

For the gluon channel, we have to avoid the collinear divergence,

3 m2 n2 .
Bkt (41— -1 | B2 fori=34, (6)
(pz' ' nz) n;

where n; is the transverse component to both k1 and ks. The momentum conservation is restored by
performing a Boost such that

k1 + ko = k1 + ko — (ks + ka — ks — ka). (7)




Shower effects in 4FS
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Shower effects in 4FS

pp~>Hbb@LHC 13 TeV

Yb,bbar L]
| MiNNLOpc (LHE)

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

do/dOMiNNLOps (LHE) do/dOMiNNLOps (LHE)
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Matching

PS
p‘“ — o Problem: Match fixed-order predictions with Parton

Shower avoiding an unphysical matching scale.

L NEO Pr< Qm POWHEG idea: implement a Monte Carlo generator that
| produces just one emission (the hardest one) which alone

<~ &:o'du - gives the correct NLO result.
- ow cOn
"N NLO. Nason [hep-ph/0409140]

FT>Qm,

5o 40/dpr i [fo/GeV] pp->H(bb)@LHC 13 TeV
Problem: Merge different multijet calculations s | o ViNLG' -
@), without any unphysical merging scale. 40 [ B e - NLOHJ -
_E MINLO’ idea: Start from a FO X+1jet prediction  30p ............. ............................. ............................ ......................... -
O)  matched with PS and obtain inclusive predictions . M i
S th rough particular scale choices and inclusion of a 20 ‘_'_ """""""""" """"""""""""""" """"""""""""" -
D Sudakov form factor. L T e ;

E Hamilton, Nason, Zanderighi [1206.3572]

Hamilton, Nason, Oleari, Zanderighi [1212.4504

C. Biello, Backup slides



Matching problem

o Ps N Double counting can be easily solved by applying
- a cut in phase space:

[ o <a, > Rejecthard jets produced by PS with p,- > O,
avord But how can we obtain smooth distributions
%- double counting—\ithout a critical dependence on the matching
n NLO
.- = scale Q7

MC@NLO [Frixione, Webber, 2002] and POWHEG [Nason, 2004| are two fully
tested solutions.

Write a simplified Monte Carlo that generates just one
emission (the hardest one) which alone gives the correct NLO

result.
APYE = exp [— Jexaot real-radiation probability above p;

C. Biello, Backup slides



POWHEG in a nutshell B=B+V+ |dhR

The exact NLO prediction is
(0) = JdCPn O(®,) B(®,) + JdCPn dpraq (0P, hrp) — O(@,) ) R(Pys i)
Comparing with the SMC

d
(0) gy = [dd)n l@(d)n)B(CDn) + B(d)n)J Ttdzd(p (O, p,) — OD,)) %P(z)] ,

0

we deduce the Sudakov form factor and the shower formula in POWHEG

(0= [0, B@) | 010, 877+ [0, 0@, A<= Sy

B(®,)

|
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NLO Y]' —> NNLo X

MINNLOPS in a nutshell

MINNLOPs is an extension of MINLO’ to achieve NNLO+PS accuracy for inclusive
observables.

Monni, Nason, Re, Wiesemann, Zanderighi [1908.06987]

The modified POWHEG function is \;

B(CDXJ) — e—S(PT) {B (1 — a,(p;) S*(l)) 1V 4+ Jd¢radR 4 [D(B)(pT)] w Jeorr }

= S <

Extra term:
form factor it ensures NNLO accuracy.
F“"" encodes the spreading upon the full Dy ;.

The QCD scales must be /- ~ 11, ~ prin the singular region.
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Phenomenology with MINNLOPs 0

gg — H, W/Z [1908.06987.
2006.04133,
2402.00596

5FS bb — H [2402.04025

Zy [2010.10478, 2108.11315]
WW [2103.12077]

Z7 [2108.05337]

WH/ZH(H — bb) [2112.04168]
vy [2204.12602]

HEAVTY-QYUA R

TRAEDUCTION
WZ [2208.12660] Q
SMEFT studies [2204.00663, 2311.06107]  beeeemmm e
o)

{7 [2012.14267,2112.12135
bb [2302.01645
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The is renormalised in MS scheme.

The running of this Born coupling requires some adaptations of the
MINNLOPS method to take account the extra scale dependence.

M(O),y
H1.2) _ g.2) log R

My

Yo(ny=412Gev ) I (myd —> Yb (Kgmpr)
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MINNLOPs for Yukawa induced processes

/ - Fcf nt
Scale variation
K ——

R 2 1 2
— |
F o 1 2




MINNLOPS In 4FS

. Start from the POWHEG Hbbj generator Q
» Produce the NNLO+PS predictions using the framework of MiNNLOP‘g%Q

The double virtual correction for a massive bottom pair and Higgs production is not known:
approximate it with the massification procedure

1y
AP = F@) O 4 Z() () 4 ZO0) @) 4+ 5
mb—() mb—() mb=0 Q
Badger, Hartanto, Krys, Zoia [2107.14733]
b
(“(O),a u(o)a)’) NLOpg NLOpg MINNLOpg MINNLOpg CQcc/
\ y < (5FS) (4FS) (5FS) (4FS, .F0) = 0) !
/ (5Hr,mp) | 0.646(0) 1050 pb | 0.381(2)T05% pb | 0.509(8) 352 pb | 0.434(1)*¢, pb yY\ .

C. Biello, Backup slides




NLO X]' —> NNLo X

MINNLOPS in a nutshell

MINNLOPs is an extension of MINLO’ to achieve NNLO+PS accuracy for inclusive
observables.

Split the differential inclusive cross-section into the singular and regular part in the small
transverse momentum limit: do = do’"*¢ + do’*%.

do’"8 d

dprd®y dp

{F(pr) b =:exp [-S(pp)| D(py) ==l 0

H

F(pr) = exp [—S(PT)]
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do = do*"8 + do'?8

MINNLOPS in a nutshell

The modified POWHEG function is

B(®y,,) = e ~5r) {B (1 — a(pr) 5(1)) + V+ [dCbradR + [D(PT) — DM _ D(Z)] < Feorr

- _, = _ - - = = o e = — = g — T = e o ey = — e — -
— e e e _w ——mem— — — ———=— - = = _— e e —— == = e s — PR e e e S SR S = o= P

MINLQO’ structure Extra term: it ensures NNLO accuracy.

F°"" encodes the spreading of the
D-terms upon the full Oy ;.

* In the singular part, the QCD scales must be i ~ 1, ~ pr-

* For the regular part, different scale choices can be performed:

» the transverse momentum p (original choice)

e the hard scale 0 (FOatQ=1) Gavardi, Oleari, Re [2204.12602]
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dG/de H [fb/GeV]

Before the two-loop...

pp->H(bb)@LHC 13 TeV

25

. NLOPS (4FS)

25

20

NNPDF40 nnlo as 01180
with different active flavours

d()'/de H [fb/GeV]

op->H(bb)@LHC 13 TeV

_I LI ‘ LI I I | I LI I I | I LI I | I LI I | I rrri I LI I I | I LI I I | I LI I I | I 1 I-
. - MINNLOpg (4FS, FO=0)
- —— MiNNLOps (5FS)

) B
0O oS5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
PT.H PT.H
/b
([J 0),a u (0),y NLOpg NLOpg MINNL Opg MINNLOpg cze{(
\ R OTPR (5FS) (4FS) (5FS) (4FS, Z© = )
——H T
/ (3Hr,mu) | 0.646(0)F 15 pb | 0.381(2) 7957 pb | 0.509(8)*23% pb | 0.434(1)07d, pb -
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Jk (myd —=> Yb (KRMH)

5FS scale variation 5 (15| —> s CRgbed

][a, (pr) | —= ][&(KFﬁ')

MiNNLO

We studied the effects of

the correlation between Fs
the renormalisation scale do/dpr 1 [b/GeV] pp>H(OD)@LHC 13TeV  oidpr 4 [fo/GeV] pp->H(bb)@LHC 13 TeV
factors. Yro—rmr——— 1 -/ -1 -~ 1 -~—————] W

S I —— 1 e MiNNLOps (7pt corr Kg¥=Kg%) =+ MiNNLOpg (7pt corr Kg¥=Kg?®)
WWJ‘————fffji: - MINNLOPS (7pt KRy=1) - MINNLOPS (7pt KRy=1)

We compare. /P73 SRR o [ =1 — MINNLOpg (7ptKg%=1) { WE=A """""""""""""" """"""""""" — MiNNLOpg (7pt Kg%=1)

,,,,,,,,,,

* The standard prediction T "l o S _ |

—_
N
I
|

o 7pts.v. for (K3, Ky) a B S T = T S |

. 7pts.v. for (K2, Ky) Y [ e : T

do/do [fb]
540 .

530 [SET—— E

520 | =

510 E

500 E

490 | =

480 f_’.’?’.]’.’.f.’.’ﬁff’.’.i’f ...... _: : *******

[ 250 300
470

PTH PTH
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Jk (myd —=> Yb (KRMH)

5FS scale variation 5 (15| —> s CRgbed

)[a, (pr) | —= ][&(KF'ﬁ')

MiNNLO

We studied the effects of
the correlation between Fs
the renormalisation scale do/dy [fb] pp->H(bb)@LHC 13 TeV _ doldpr, [fb/GeV] pp->H(bb)@LHC 13 TeV

factors 160 T 107 L L
. 140 - | | ' | _ ; e MiNNLOpg (7pt corr KgY=KRr?)
i T ~-—- MiNNLOpg (7pt Kg¥=1)
We compare: 120 L R R e e — MiNNLOpsg (7pt Kg%=1)
¢ The Standard pred|Ct|On 100 | 100 - llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
04 80 | -
e 7pts.v. for (K3, Kr) | | e
60 100k L
y I | T
. 7pts.v. for (K5, Ki) ol 5 B S
_ T e MIiNNLOpg (7pt corr Kg¥=Kg%) e 102 b et M
o0 b == MiNNLOpsg (7pt KR3;=1) ,,,,,,,,,,,,,,,,,,,,, =
- - — MINNLOpg (7pt Kg%=1) _
s4q So/do [P N N A TP TP S TR ) | | | |
F dO/dOMINNLOps (7pt corr KgY=Kg%) dO/dOMINNLOp (7pt corr Kg¥=Kg®)
530 F ;
s0f 52 o o S N S o o 1 o - e SRR . -
510 - ------------------------ - ‘
500 - ------------------------ -
490 - ------------------------ - }
480 __ | | : | | | | | | | |
: 4 3 2 1 0 1 2 3 4 0 50 100 150 200 250
470
YH PT.js
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I (D> —> Yo (Kgmig)

5FS scale variation % (5] —> e CRhrd

fa., (h') — ][a,(KFfT>

MiNNLO

We compare:

* The standard prediction s

] do/dpt y [fb/GeV] pp->H(bb)@LHC 13 TeV do/dpt y [fb/GeV] pp->H(bb)@LHC 13 TeV
e 21pt s.v.: for any value 18 e e

1 16 N . e MiNNLOpg (7pt corr Kg¥=Kg%) ) | e MiNNLOpg (7pt corr KR¥=Kr%)

of K F — 3,1’2, we L I - — MiNNLOpsg (21pt) : — MiNNLOps (21pt)

fffffff , I e P N O |
[LA (| S == MiNNLOps (27pt) 4 1 . -~ MiNNLOpsg (27pt) |

perform a 7pt s.v. for Ty R ey I — SR S _

| i - 109 s R S .......................... -----------------------

(K2, K o B S

T o ,,** i 10'1 .................. .......................... ........... W:ij :.. ...................... .......................

« 2/pts.v. (K a’ Kga K F) """ e T _
including Ki/Ky — 4 TR | | |

do/do [fb]
560 .

540 b =

520 - ........................ }_

500 [STIEETIEEE -

480 S

460 §

440 b |

420 b g

400 ' PTH PTH
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5FS scale variation

We compare:

* The standard prediction

e 21pt s.v.: for any value
_ 1
of Kp = -,1,2, we
perform a 7pt s.v. for
(K, KR)
. 27pts.v. (K3, Kz, Ky)
including K/ K, = 4.

do/do [fb]
560 .
T E—
500 [SEISISSESE. -
wof -
wof |
aol |
) |
a00 L
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60

140

120

100

80

60

40

20

do/dyy [fo] pp->H(bb)@LHC 13 TeV

— MiNNLOps (21pt)

- MiNNLOpS (27pt)

102

:jg (myd —=> Yb (KRMH)

As (f-r) —> s (ka’f)
fa, (pr) | —= ][&(KFﬁ')

MiNNLO,.¢
do/dpt, [fb/GeV] pp->H(bb)@LHC 13 TeV
oo T T e
------ MIiNNLOpg (7pt corr Kg¥=Kg%)
— MINNLOps (21pt)
"""""""""""""""""""""""""""""" ~-= MiNNLOps (27pt) T




: : - S ISR REREARES MARRSRE
Historical LO comparisons .| S
: gg—hey, C]EEQAI;{
Large differences in the predictions were first ¢
observed at the leading order: the effect of collinear =
resummation is extremely large. Or .
)5 | —_— 10 3; 22,qG—hgybb ......... 4 ...... 3
L 14 TeV pp N T
L R = my = 100 GeV 0 e ™ T00 " T20 o 160 180 200

20

1.5

o (pb)

1.0

0.5

0.0

0.1

0.5
pE/mp

1

2

My, [GeV]

For i, = my; /4, FO computations in the different

schemes become compatible, indeed the collinear
logs have a small effect. This also improved the
convergence of the perturbation series.

The improvement of the compatibility opens the possibility to match together the
predictions at least at the inclusive level (Santander matching, FONLL...)
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Differences between schemes

Lot of progress in understanding the origin of the differences. The predictions can
be merged into a consistent picture by taking into account two main results.

1.4

S0 (, )

0.4

DGLAP @ NLO-
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1000

1. At NLO, the resummation effects of collinear
logs are important only at high Bjorken-x

2. The possibly large ratios mé/m,f are always
accompanied by universal phase space

factors f
2 )
m
H H -
In” =In*—, [ <my
my my



Forte, Napoletano, Ubiali [1508.01529]
FO N LL Forte, Napoletano, Ubiali [1607.00389)]

Duhr, Dulat, Hirschi, Mistlberger [2004.04752]
° FON LL matCheS the fIaVOu r SChemeS
GF ONNL 64FS —+ GSF S double Ccuting. B ;‘;-L‘;_S—_NL‘;IO_S
For a consistent subtraction, we have e
to express the two cross-sections In
terms of the same a, and PDFs. LECI3TeY | Pl |
020 PP H+X(WPH) e
. pup=mp+2mp)/4 e _
* Currently, the flavour matching for bbH __
IS pe rformed at . O A W S WO oo 0 s st i
FONNL := N2LOspg @ NLO,xs.

0 40 50 60 70 80 90 100 110 120
/JR [GeV]

* Differential FONLL applied for Z+b-jet

doTONLL — 4505 4 (dg’ifS — doS Glover, Huss, Majer, 2005.03016]

[Gauld, Gehrmann-De Ridder,
mb—>())
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Exclusive observables

Recent developments in fully differential calculations, for example:

1. Introduce an unphysical scale y, in order to switch from 4FS to S5FS in a region

where mass effects and collinear logs are not crucial [Bertone, Glazov, Mitov,
Papanastasiou, Ubiali, 1711.03355]

2. Massive 5FS at NLO [Krauss, Napoletano, 1712.06832]

3. Differential FONLL applied for Z+b-jet [Gauld, Gehrmann-De Ridder, Glover,
Huss, Majer, 2005.03016]

JoFONLL — g SFS | ( do?TS — do?r )

mb—>0
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