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Ingredients of GENEVA

Fully exclusive LO and Higher-order Parton showering and

NLO matrix elements resummation hadronization

Improved perturbative accuracy in every region of phase space
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Fixed-order calculations alone can show poor convergence

Resummation can significantly improve convergence
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All ingredients important for many processes
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Many different multiplicities may be important and the backgrounds
may be different

Resummation important in exclusive jet bins
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Basic Setup

Consider a process with N tree-level partons

Introduce a physical jet resolution variable 7 to separate inclusive and exclusive
regions in @, 1 phase space
T = Dimensionful jet resolution variable

dosy d(DN (Tcut) Jdcbzvﬂ (T)H( Tcut)

Total (inclusive) N-jet

) Exclusive N-jet bin with no Jet resolution spectrum:
cross section

.. ut . . _. .
emissions above TC inclusive (N+1)-jet cross section

Ultimately, TY 50 (IR cutoff)
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Regions of Phase Space

Generic observables have multiple
important regions of phase space

L] L] L]
S S Peak region contains large logarithms
i T ppH+X>y7+X ]
rrrrrrrrrrrrrr - Vs=8 TeV, MSTW2008
1,00 = Mp=pHg=RQ=myz=125 GeV__
’E“ 050~ ! 4 -]
2
=
5 0.10 |
= F i Ly ]
005 i NNLL +NNLO ]
I e NNLO s ]
TR NLL+NLO
TR NLO
0.01 — “rﬁl —
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pn (GeV)

De Florian, Ferrera, Grazzini, Tommasini 1203.6321
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Regions of Phase Space

Generic observables have multiple

Peak Transition Talil important regions of phase space
O(ay) from O(a,) from O(ay) from ] . .
resummation = resummation = fixed order Peak region contains Iarge Iogarlthms

-+ fixed order

Téut T
excl. N jet p incl. N+1 jet
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Perturbative Accuracy

Transition Tail

Lowest perturbative accuracy
everywhere requires NLL +
LOy,1 (CKKW, MLM)

Notation: , >
Ihe Theo e T
N narrow jets > N jets
Pert Accuracy Resummation (agL? ~ 1) Fixed Order
LO NLL, ~ ag/t (agL?)" LOnt+1 ~ Qs
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Perturbative Accuracy

Lowest perturbative accuracy Transition Tail

everywhere requires NLL +
LOy,1 (CKKW, MLM)

Notation: , >
Ihe Theo e T
N narrow jets > N jets
Pert Accuracy Resummation (agL? ~ 1) Fixed Order
LO NLL, ~ ag/t (agL?)" LOnt+1 ~ Qs
NLO NLOj4q ~ a?
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Perturbative Accuracy

Lowest perturbative accuracy
everywhere requires NLL +
LOy,1 (CKKW, MLM)

Next-to-Lowest perturbative
accuracy everywhere requires

I\II\“-l-'I'|\II-ON+1 Notation:
t=1/Q
L=Int

Pert Accuracy
LO
NLO

Transition Tail

-

utT K Q T~0 T
N narrow jets > N jets
Resummation (agL? ~ 1) Fixed Order
NLLg ~ as/7 (asL?)" LON+1 ~ as
NNLL, ~ a2/t (a L*)" NLOy;q ~ @2
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Perturbative Accuracy

Order counting a;L? ~ 1 gives towers of logarithms (Notation: T = T/Q, L = InT, Loy = InTY)
(o) LL, NLL, NLL', NNLL,
— 1 LO,
OB
+ a4 L2+ cpolewt + o1 F F1(Tcue)] NLOy
+  aZf + + +
1 do
dr as/t| ¢ L+ o+ tf1(¥)] Oy,
B
+ aSZ/T[ C23L3 + C22L2 + C21L + Co0 + sz(T)] NLON+1
+ a3 /1] : + : + : + '
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Perturbative Accuracy

In transition region, it is not
obvious which corrections will
be more important — should
include both

o Consider gg — H with pr roughly
between 20 and 40 GeV

) ) . Notation:
Using resummation provides r=1/0Q
reliable uncertainties L=Int

o Uncertainties come from theory
calculation as opposed to some  Pert Accuracy
variation of the parton shower LO

NLO

Peak Transition Tail
:ut — >T
TKQ T~0(
N narrow jets > N jets
Resummation (agL? ~ 1) Fixed Order
NLLg ~ a5/t (asL)™ LONt1 ~ as

NNLL, ~ a2/t (a L*)" NLOy;q ~ @2
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Merging Multiple NLO Calculations

Including NLO,,, at small T
only meaningful together with
higher-order resummation

We see multi-NLO as a
byproduct of resummation

Notation:
T=1/0
L=Int

Pert Accuracy
LO
NLO

Tail

Transition

:ut >T
TK(Q T~0
N narrow jets > N jets
Resummation (agL? ~ 1) Fixed Order
NLL, ~ ag/7 (asL?)™ LON+1 ~ as
NNLL, ~ a2/t (a L*)" NLOy;q ~ @2
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The Goal of GENEVA

Analytic Thrust Resummation Monte Carlo Hadronized Events

]_2 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: 500:\\\\\\\\\‘\ I\I\\‘\\\\\\\\\|\I\I\I\I\:
LEP (91.2 GeV) = ‘ GENEVA+PYTHIAS -
10 B NNLL/'+NLO; = 400 B Default E
E=ENLL'+LO ---- Tune 3 -
SEEYN 0 . L0 p) —— a,(myz)=0.118-

W
o)
S

— No hadr.

do/dB [nb]

do/dT; [nb/GeV]

100

$ ALEPH (91.2GeV)
[ OPAL (91.2GeV)

00 1 2 3 4 5 6 7 8 9 10 OO =yl (\).()\E)\I\I\I\(\).]\_\\\\\\\(\).1\5\I\I\Ib.2
7, [GeV] B
High-accuracy prediction of a jet Reasonably accurate prediction
resolution variable including of a broad palette of observables

uncertainties
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The process of GENEVA

\ — N 2
— . e — e
/% T; ) T;Ut - Shower cannot cross m

dd, N _ region boundaries

/ ) \\><

ut
T>T, 3jet b

)
W u»*;: %
- e — <:% - -7 T ‘\'S‘(
S | ) .

A J
®

v

b

dd,
Divide multi-parton Represent with  Assign a Shower each Hadronize events
phase space into N-jet N-parton event \yeight 4 event
regions d®n
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N-jet Weights

. ddqz'z (Tzcut) _ dgc(l;uzm (T;ut) N [dgql\izo (f]';ut) B d;c;uzm (T;Ut)

NLO]

dgTresum . resum dO'NLO
_<
RCOR |

d®,d T,/ d®,dT, !NLo| dds

K do B dolO

dd, do,
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N-jet Weights

cumulant
do ut docim ut doNLO uty  dotim ut Exclusive 2-jet bin uses
’ dd, (T; ) - do, ( 2 ) + dd, (7; ) - do, ( ) |NLO the cumulant of the 7,

spectrum, which
includes the NLO fixed
order
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N-jet Weights

In the peak, the terms involving NLO
cancel, leaving the high-order
resummed term.

dgresum ;g resum d o NLO 3-jet bin uses fully
_ 7, - . . .
dCD3 ( ) d0,d T,/ do,dT, INio| dds differential NLO fixed order

In the tail, the terms in the brackets
cancel, leaving the high-order NLO term.

improved by the
Fully differential 3-body PS resummed fIé spectrum

dO'FO dO'FO
rojects onto ————
ao, PO dd,d'T,
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N-jet Weights

do'0 In this talk, last bin is

do
T Ty LO

dd,

Process can be iterated
to include more results
at LO or NLO
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Parton-Level Results
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Adding the Shower




Division of Responsibility

PDFs
Hard Collinear Soft
MC _— , o Hadronization
do Interaction ® Evolution ® Radiation ® .
Underlying Event
Matrix Elements Parton Shower Evolution
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Division of Responsibility

Traditional Approach

Unard

Ures

HUps
Aqcp

A

A

Partonic ME

Parton Shower

Hadronization

GENEVA Approach

4

A

Unhard

Ures

GENEVA

Ups

Parton Shower

Aqcp

Hadronization

GENEVA seeks to replace portions of the
parton shower with resummed
calculations

We would like to “break apart” the

parton shower and replace those

pieces for which calculations exist
° Investigating other effects such as MPI

o Ultimately, GENEVA will require a new tune
of the shower
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Adding the Shower

P P2

®

l Parton shower (Pythia8) l

Require showered event to not change the value of T to within a power correction
TeNEVA+PY — TGENEVA <1

%ENEVA

Exclusive N-jet events do not cross jet boundaries, while the highest multiplicity bin
showers inclusively

Internal shower kinematics not changed
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Showered Results
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Results for C-parameter

Different observable but similar log structure to thrust

250 \\‘\HHIII\|\HH\H\‘\H\HH\‘HHI\III‘\HHHHZ 70|||||\||||\|I|IIII|IIIIIIII|||I\IIII\II|||||||||||||\||||\|_
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5 100 E e F 00000 TS ]
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C C ) .
discussion

Spectrum at very small C filled out by shower

Remarkably close to NNLL' analytic result — both central value and uncertainties
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Results for Jet Broadening

Highly orthogonal observable to thrust — p-like
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0 0.05 0.1 0.15 0.2 8.15 0.17 0.19 0.21 0.23 0.25 for more
B B -
discussion

Spectrum filled out by shower

Remarkably close to NNLL analytic result — both central value and uncertainties
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Including had

ronization
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Going to pp

Currently, Beam Thrust is our jet resolution parameter for pp — Z + jets

200, w5 200 uupgr———————————————————— ]

\ PP Z o (T (8 TeV) ]
\ GENEVA NLL'+LO, |
—} Partonic

g=a NLL'+LO;,
=z 10,

GENEVA NLL'+LO; |
—— Partonic '
—— Showered
Bl NLL+LO,

do/dT [pb/GeV]
=
[am]
do/dTy [pb/Ge V]
=
<o

50

-'—-__._'
———
—
——

o 2 4 6 8 10 o 2 4 6 8 10
To [GeV] To [GeV]

We are in the process of validating the combination of higher-accuracy pieces:

NNLL’ + NLO, + Pythia
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Conclusions

Precision measurements require precise predictions and reliable theory
uncertainties

GENEVA is a Monte Carlo capable of systematically increasing perturbative
accuracy across all of phase space including the resummation/shower region
and capable of merging multiple calculations at NLO

Excellent agreement with LEP data for a variety of 2-jet observables

Currently focusingonpp - V +0/1/2 jets
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Backup Slides




N-Jettiness

» Use N-jettiness as resolution parameter. Global physical observable with
straightforward definitions for hadronic colliders, in terms of beams ¢, and
jet-directions g,

2 2
Tn = 5 z:mil:l{r.,hL s Phy ---. N -p;;} = Ty = 5 Zmin{qa “Pr, 9y " PEk.491 - Pks; ---, 4N '?33;}
k k

, Jet 1

Z \ “\\ i /i 8
Jet 2 2 s Jet2 2 ¢ Jet3 3 -~ a

¢

» N-jettiness has good factorization properties, IR safe and resummable at
all orders. Resummation known at NNLL for any N (sewartetal. 10042480, 1102.4342]

» Tn — 0 for N pencil-like jets, Tx > 0 spherical limit.
» Tn <Tx™ acts as jet-veto, e.g. CIV To = 3 3, min{ga - pr, o 01} < To™




From eTe™ to pp collisions

Can use N-jettiness as in e*+e- to distinguish jet multiplicities

master formula: do™ _ o (
Cddy,  ddy

cut dq)l dJ cut
75 + [ o e (T > T5™)

The essential perturbative physics translates to pp collisions

dJ cuty do.resum cut dJFO cut do.resum cut
do dO’FO doresum doresum
——(To) =
ddq dd, | ddedTo / dPodTy o




From eTe™ to pp collisions

Can use N-jettiness as in e*e- to distinguish jet multiplicities

dO‘inCl do

master formula: S
ddg ddg (

cut dq)l dO_ cut
75+ [ G (0T > T3

Initial state radiation provides conceptual, technical challenges
* Resummation involves beam functions, sum over partonic channels
* FO calculations more challenging
* Requires matching GENEVA to an initial state parton shower

* pp collisions require multiple parton interaction (MPI) model




