Heavy Flavours o the LHC
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e Massive 5F scheme (FONLL)

e Simulations for heavy flavours (FS)

e Tssues with HF 1n the FS

e Parton showers for Heavy Flavours




Treatment of Heavy Flavours

e Heavy flavour associlated production quilte important at colliders:

e  m----- Largest BR, 1mportant for

S

e Large tanB enhancement 1in many new physics model



Treatment of Heavy Flavours

e Heavy flavour associlated production quilte important at colliders:

e Theoretically, natural multi-scale problem

m [GeV]



4F vs 5F scheme

e Base assumption: b can only come from a g — bb splitting
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4F vs 5F scheme

e Base assumption: b can only come from a g — bb splitting
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4F vs 5F scheme

e We effectively defined a perturbative b-PDF



4F vs 5F scheme

e We effectively defined a perturbative b-PDF

= IMp|* ® [fp(@%)

e It can be shown f»(Q% it’s just the LL solution of the AP-equations:

d
d log Q2

as(Qz) p

SRR ® f(Q%)

fo(Q?%) =

e We have created the 5FS!



4F vs 5F (pp — V)

4FS S5FS




4F with 5F scheme

e It's clear that 4F and 5F scheme are different scheme for the same thing, they should also be
compatible, to some extent



4F with 5F scheme

e Take as an example bbH:
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4F with 5F scheme

e Use this to 1dentify double counted terms and can

e Take for example bbZ
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Simulations for HF (IS)

e So far only for totally inclusive observables..



Simulations for HF

e Bagnaschil et al.: Construct combination of 5 and 4FS, vetoing B-Hadrons

mass 5FS-Bveto 4LFS

do = do + do



S i m u 1 a t i O n S fo r H F Bagnaschi et al. [JHEP 1807 (2018) 101]

e Bagnaschil et al.: Construct combination of 5 and 4FS, vetoing B-Hadrons
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Mu 1 t i — j e t - Me rg i n g Héche, Krause, Siegert [Phys.Rev. D100 (2019) no.1, 014011]

e Generate showered events<for ZZ@C@%?“ ::)ngib

a,

A Z’?ﬁﬁ p I = >¢§

e Use clustering to determine core p;ﬁ@es§ 2 //a%\\ //m.\\

/ \ / N
e Throw events 1f the first type Zzzgﬁiﬁb ZZZ§i§ib :<f§§§; :%i;égj
(ad) (ab) (b3) (b4)

e Generat& + bb in the 4F

Sum the two samples with no overlap



Multi-jet-Merging
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Fitting the b-PDF?

e Use the FONLL matching, but drop the assumption the bs are only produced perturbatively

e the 4FS picks up b-i1nitiated channels, and the subtraction becomes simpler:
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Fitting the b-PDF?

e Use the FONLL matching, but drop the assumption the bs are only produced perturbatively

e the 4FS picks up b-i1nitiated channels, and the subtraction becomes simpler:

e In the 4F scheme only a static contribution

e In the 5F, Intrinsic + normal evolution with different b conditions



Fitting the b-PDF?

The 5FS and the subtraction term cancel out, at any order!

° O and PDFs 1n the 5FS at a given order
by expanding the evolution equations

o« O and PDFs 1n the 5FS with massless bs

e ME and PS end up 1n the 5FS with massless bs
after collinear renormalisation

e ME and PS also 1n the 5FS with massless bs



F i t t i n g t h e b — PD F ? Forte, Giani, DN [Eur.Phys.J. C79 (2019) no.7, 609]

e Use the FONLL matching, but drop the assumption the bs are only produced perturbatively

e the 4FS picks up b-1nitiated channels, and the subtraction becomes simpler:

e This 1s exactly the 5F Massive Scheme with standard 5FS PDFs!

Krauss, DN [Phys.Rev. D98 (2018) no.9, 096002]



Fitting the b-PDF?
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Mas S i Ve 5 FS ( 5 FMS ) Figueroa et al. [Phys.Rev. D98 (2018) no.9, 093002]
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Uncancelled Divergences

e Factorisation relies on
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Uncancelled Divergences

But with massive quarks, this cancellation is broken

H
zf42f+zs+i 70O
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Simulations for HF (FS)

e This was mostly for IS heavy flavours.. What's there in the FS?



Simulations for HF (FS)

e This was mostly for IS heavy flavours.. What's there in the FS?

; ~ ATLAS e Data —=— Pythia8 Opt. 1 i

bl 10 = Stat. -= Pythia8 Opt. 4  _

ClF E Stat.+Syst. —— Pythia8 Opt.5 =

% -~ Vs=8TeV, 11.4fb" —+ Pythia8 Opt. 8 ]

-l 1 —— Pythia8 Opt. 5b

= e Pythia8 Opt. 8b =

- = . -

107" @ =

E 5 —

E 1 .6 — 4 4 } 4 i 4 4 $ } t + 4 $ } t } } $ + 1 4 + 4 4 1 4 4 4 _

8 1.4 —— .

-~ 1.2 a - N

0.8 id=C=— = -

06 u O —t 44—+ _

S e T -

S 14r o\ -

~ 1.2 R — o/ —

S g — =

08 %:_ sy — . =-&_ _ﬁ——
06F5k L




Final state splittings (Parton Showers)

as(sz_) 2
~ M| ® Pyq(x
271_ sz_ | | QQ( )

e Quarks’ case well understood

log® (1 — x)
1 —x .

Resums all-order soft dominant terms (



Final state splittings

as(sz_) 2
~ M| ® Pyq(x
271_ sz_ | | QQ( )

e Quarks’ case well understood

. log“(1 — x)
Resums all-order soft domilnant-—terms—

2
L 0 Iy WiE I Poo(X)

Zﬂkf

e Gluon case more delicate

In principle no soft terms to resum..



Simulations for HF (FS)
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Simulations for HF (FS)

2-b-hadron level ® transfer function
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Final state splittings



Final state splittings
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Simply count the number of b-jets



Final state splittings

\

Simply count the number of b-jets
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Final state splittings
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Resummation for HF (Dead-cone Effect)

Light quarks
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Resummation for HF (Dead-cone Effect)
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Resummation for HF (Dead-cone Effect)

09

07

09

07

05
6,/R

03

01

05 07 09

8,/R

03

01

i >
F)
O
N
|
=
- 2
......... =
N
i G
|
g5
g«
S
)
S
|
a4
N
L
0 O
m L
g
A -1
SUEENeY
— f
L
=
n on o
5 83
g LS
>
o
- O 0
n X LO
H VvV o
S g
L+ < ....w.
& vV 2
> N
10 S SOOI NSNS
— 1w NAN——O aAaN——O
Nm%% WInnoeA 0} ORjey 2 0} oney|

my
RE

my
RE

8,/R



