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- A solved problem for long time.
NLO +LLps : Comple.tely understood ar.ld fully automatized.
- Two main approaches available: POWHEG [Nason "04; Frixione, Nason, Oleari

’07; Alioli, Nason, Oleari, Re ’10] and MC@NLO [Frixione, Webber ’02].

C - State-of-the-art for precision LHC phenomenology.

/
WORK"IN - Lots of ongoing effort, many processes already implemented.
PROGRE S5 - Two main methods available: MiNNLOps [Monni, Nason, Re, Wiesemann,

Zanderighi ’19] and Geneva |Alioli, Bauer, Berggren, Tackmann,Walsh, Zuberi ’13, +

subsequent papers].
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... what’s the next step?
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1. NLL showers are likely to become a fundamental ingredient of the precision physics program at the LHC.

DY - azimuthal angle between leading jets
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Diftferent shape between LL and NLL showers,
especially at high energies
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1. NLL showers are likely to become a fundamental ingredient of the precision physics program at the LHC.

2. NLO matching can augment the shower accuracy.

LL

1
Z(as’ L) — CXP< ; gl(asL) gZ(GSL) o g3(asL) )

NLO @ T
MATCHING s

|
X(a,L) =1+ aC;) exp( — g(a,L) + g,(a,l) + a,g(al) )

\)

Using a double log expansion:

For event-shapes:

S, ) =l D) (D) o e C,#NLL > NNDL
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1. NLL showers are likely to become a fundamental ingredient of the precision physics program at the LHC.

2. NLO matching can augment the shower accuracy.

3. NLO matching is needed for obtaining NNLL accurate showers.

NNLL accuracy tests
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1. NLL showers are likely to become a fundamental ingredient of the precision physics program at the LHC.

2. NLO matching can augment the shower accuracy.

3. NLO matching is needed for obtaining NNLL accurate showers. SD; > 025, psp=0INke/Q, VS =2 TeV
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NLL PanScales SHOWERS IN A NUTSHELL

1. The shower must reproduce the exact matrix
element when all emissions are well separated in

at least k or 7. 7

2. The shower must reproduce NLL analytic results
for a broad class of observables (e.g. event
shapes, subjet multiplicities).

/
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NLL PanScales SHOWERS IN A NUTSHELL

1. The shower must reproduce the exact matrix
element when all emissions are well separated in

In(k/
at least k. or 7. (kr/Q) n
2. The shower must reproduce NLL analytic results
for a broad class of observables (e.g. event
shapes, subjet multiplicities).
@ «—
. TS o ¢
The PanScales Recipe f

/

Ordering variable: v = ke —pln|
Recoil scheme:
PanLocal:{ 1,4+, — } local

PanGlobal: L global, { +, — } local

Partitioning of the dipole in event
com frame

® «—
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MULTIPLICATIVE MATCHING

R((DB9 (Drad)
B(dp)

do(®p) = B(®p) [S(Dp) X

d®| Ig
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a) Reach NLO accuracy in the normalization B. Analytically when possible, otherwise numerically.
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MULTIPLICATIVE MATCHING

R((I)Bﬂ (Drad)
B(dp)

do(®p) = B(®p) [S(Dp) X

d®| I

a) Reach NLO accuracy in the normalization B. Analytically when possible, otherwise numerically.
b) Generate the first emission with the exact real matrix element.

c) Generate all the subsequent emissions through a NLL shower.
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a) Normalization

The Born kinematics is generated according to the NLO cross section as:

do = B((DB) 7SO with B((DB) =B+ V+ [Rd(brad
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a) Normalization

The Born kinematics is generated according to the NLO cross section as:

do = B((DB) 7SO with B((DB) =B+ V+ [Rd(brad

Use analytic B when available:

0 )
4
DIS (photon only): d%o _ (1 — y) F, +y*xF,
dxdy xyQ?

with:
x and y usual DIS variables

F1 and F, NLO structure functions
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a) Normalization

The Born kinematics is generated according to the NLO cross section as:

do = B(®p) dd, with

Use analytic B when available:

B(®y) =B+ V+ [R dd._

DIS, y-exchange

doANLO 0.000 A

2 2
DIS (photon only): i — Ana (1 _ }7) F ysz dQ? -0.0251
dxd xy(Q? : !
Y Y -0.050-
with: -0.075 -
x and y usual DIS variables -0.100 -
F; and F, NLO structure functions Ry
g U
Q 1.02-
At NLO this requires a careful flavour decomposition é 1.00
(more on this later) 2 0.08-
a

q=3
—— PanScales
—+— NLO f.o.
100 200 300 400 500 1000
Q2 [GeV?Z]
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a) Normalization

The Born kinematics is generated according to the NLO cross section as:

Obtain B numerically:

POWHEG: B(®,) = JXmddeX3 B(®g X, X, X3)
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The Born kinematics is generated according to the NLO cross section as:

do = B(®y) d,, with B(®,) =B+ V+ [R Ao,
Obtain B numerically:

POWHEG: B(®,) = JXmddeX3 B(®g X, X, X3)

B(®g, X, X,, X;) = B(®p, X;, X5, X3) +AB(®p, X, X,, X5)

rad rad

AB = Jac - R(®">) — R(®ES) l

Correct FKS/PanScales mappings

13



a) Normalization
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The Born kinematics is generated according to the NLO cross section as:

do = B(®p) dd, with B(®,) =B+ V+ [R dD,.,
) ete” = qq
Obtain B numerically: do™O 0.75- — Shower, a,=0.1
—— Shower, as =0.05
d cos HT 0.70 1 Shower, as =0.01
. — . =~ i -—- NLO result, a;=0.1
POWHEGo B(@B) — JXmdXZdX3 B(@B, Xl, Xz, X3) 0.65 -——- NLO result, as = 0.05
0.60 ~ NLO result, as=0.01
N | e LO result
0.55 -
B(®p, X, X5, X3) = B(®p, X, X5, X3) + AB(Pp, Xi, X5, X3) 050 NG T T7 [IN @PA4
0.45 - N ' I
3 PS FKS
AB = Jac - R(q)rad) - R((Drad ) l 0.40 1 e
---------------- PanGlobal (Bps = 0)
O 1 1 : 1 1 1
Correct FKS/PanScales mappings . 1s -
qv] —— as—0, ABon
S i
. 4+ — . —_— s — 0, AB off
Appliedtoe™e™ —» Zand pp - Z lzut easily extendable to more g 1.0 WYV |
complicated processes taking B directly from POWHEG. o T ——
g —-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00
= cosOy 13



b) Hardest emission

The hardest emission is generated with the T p Ri, j,k(q)n+1)
correct real matrix element. J Jr ~ B: (D)
L,j\ = n

14



b) Hardest emission
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The hardest emission is generated with the

correct real matrix element.
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Simple example: DIS, only y*g — gg channel
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The hardest emission is generated with the

correct real matrix element.
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Simple example: DIS, only y*g — gg channel
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b) Hardest emission
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The hardest emission is generated with the
correct real matrix element.
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Non-trivial example: DIS, y*g — gg channel
] q

q )
J q q

€ € € €

Two possible underlying Borns for
the same real configuration!
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The hardest emission is generated with the T p Ri, j,k(q)n+1)
correct real matrix element. J Jr ~ B: (D)
L,j\ = n

Non-trivial example: DIS, y*g — gg channel

q

q )
J q q

€ € € €

Two possible underlying Borns for
the same real configuration!

Introduce a partitioning factor to split the full real 0

matrix element in the two possible Borns.
4G > G M?— —> 0Py Py <Py Py

The fraction of real associated to a given Born is taken as:
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The hardest emission is generated with the
correct real matrix element. -
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The hardest emission is generated with the
correct real matrix element.
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Non-trivial example: DIS, y*g — gg channel
q q

e e e e

Two possible underlying Borns for
the same real configuration!
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Separation of singular regions between the two underlying Borns.

Introduce a partitioning factor to split the full real

matrix element in the two possible Borns.

The fraction of real associated to a given Born is taken as:
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NNDL TEST
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pp—->Z,Vs/mz=100, a;L?=1.296

PanGlobal
(Bps = 0)
1 ' ' 1
V)]
Mjg=1 . S
=
| =
(@)}
Ivhﬂﬁ==(15 B :II 1 -
! ©
y B IRIL
j’B=O I . : ...... — 2
: W 3
| | S
SjB=1T 12
. >
I T
5i,=05T -I 19
| W
i =
[ — |~
SJ,B=0 - :I 1°°
| l 1 | 0n
S

lim
as -0

As2pL

k.
%,ﬁ p— maX_le_ﬁlﬂi_”Zl S],,B p—
icjets O

kr.
—¢€

1 0wl
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NNDL = O(a/"L*"~?)

Compare the parton shower result with analytic

calculations.

Eliminate spurious contributions generated by the

shower with:

lim
a,—0

ZPS o ZNNDL

A 2py

a,L? fixed
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NNDL TEST

pp—->Z,Vs/mz=100, a;L?=1.296

PanGlobal o
(Bps = 0) - NNDL = @(CI;?L o )
Mjg-1}f . {2 Compare the parton shower result with analytic
i - calculations.
Mjg=05 :I 17
More b I g Eliminate spurious contributions generated by the
B1L1 MV 3 :
LLVELL N1 shower with:
SjB=1T ' ] @
; > 2pg — X
Sj.p=05 | ,I 1e li —PS — “NNDL
: =
| - a,.—0 a2
S5j,8=0 i :I ] ol ’ s=DL a,L? fixed
-1 Ol
a“To zpsc;TDL\ 0O = NNDL

First time a shower demonstrably generates
k. kr, NNDL accurate results across many observables
M, ;= max—-e Al S; 5= Z —Le Pl £ i
PP igjets O erats 2 or pp collisions.
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CONCLUSIONS and OUTLOOK

+ NLO matching with NLL showers is needed for precision physics.

- Results for DIS, DY and oriented ¢ "¢~ have been obtained at NLO+NLL accuracy through a
multiplicative matching with PanScales showers.

- Extension to more complicated processes is possible through an on-the-fly conversion of BFES
»PS
to B*”.

- NNDL accurate results have been obtained for many observables in pp collisions.
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CONCLUSIONS and OUTLOOK

+ NLO matching with NLL showers is needed for precision physics.

- Results for DIS, DY and oriented ¢ "¢~ have been obtained at NLO+NLL accuracy through a
multiplicative matching with PanScales showers.

- Extension to more complicated processes is possible through an on-the-fly conversion of BFES
»PS
to B*”.

- NNDL accurate results have been obtained for many observables in pp collisions.

/f"" '—Sé"?“ The PanScales collaboration is currently working on a new NLO matching scheme
5?0‘“1\" with the nice feature of generating only positive weights.

IDEA: use a simple (=analytic) B function and correct it & la MacNLOPS.

...more on this soon!
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