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Intfroduction

NLO (Next-to-Leading Order) &

NLL (Next-to-Leading Log) M3E LM & ?

Resummation > TRIZ ?

WSl &I2DNT, FELET

CCHBIERETHELETODT, MHUVEEWNE

CHRME

72 3B

QCD and Collider Physics, R.K. Ellis, W.J. Stirling and B.R. Webber,
Cambridge University Press 1996 (2003 IZHETR AN S B)

W. Greiner, A. Schafer, Quantum Chromodynamics, Springer 1994
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QCD Matrix Element: X DEE) N(N)LO

« LO: lowest order

— O(a?) for Drell-Yan, O(a?) for 2-jet production “ s
* NLO: next-to-leading order
— O(a?) for dijets “s As
- MATIL—TDHE
- MAZMATHH TERHL
Mzond tree loop |
=l & = Coupling constant,o (E) (Virtua
NLOFHE DRE L LR 47 correction)
c EDasw?) EONDS?
— |1 = jig renormalization |
scale e
— ZIK%E-I_%HJ::@(E{: 0,1_5
KBV, ERIEKD

llustration: Typafar m Energy, GeV
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An example: probability to have a large
recoil through hard radiation

dashed: gluon, solid: quark

P U
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« Altarelli-Parisi splitting function
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One small-angle emission gives large log

iIgnore z
W OB A—o 20 BIAIEE &2 RE f

2 2
we 1=ttt :
11+2z
S1(0max) =1 —T1(Omax) =1 - f dt f dz Cas? 1— 2
01%1axM2 0
4
M2
1 05 axM?
~1-C dt—|—1 —
o J t [ n( 4t 1 1-z
OfhaxM? <
4
C 62
=~1--as In? ( ";ax>

where M: mass of the diquark, t ~ —p% : Mandelstam variable wrt the orignal quark, C:

const. T;: probability to have the quark recoiled more than 6,,,, after one emission

—DDINAERAD, acD1R, logD2RDIBEEZAED

2
In (%) is largely negative in this case
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e EWVD LXK, EBEFERIE a, NN DT TRL,

L_1n(’;z’fnn) NN DOHEINEEE <

(0bs.) = L*as(u*)A12(s, 1?) + Lag(u®)A11(s, 1) + as(u®) Ao (s, 1?)
/ +L3a2(u?)Ays(s, u?) + L2a? ...

ZD a; BIERDEIZ log H2DEBEMNE S, =RA—RIZIEES ? &

« KZT7H log h"EHENDDIE

- AEED, ZHONAEBRHNICEI>TEEEZZR TS558
(multijet, ISR/forward jets, pt recoil of bb
heavy/high-pt objects)

— BEEMN/N— 2D splitting EBEET S HD
(b-quark productionZg &)

— renormalisation scale uncertainty

2 L DIBS 1n( )r E 151
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Log MIR & resummation

fixed-order calculation a=a,/2r

1 | a | @& | @& |.. | a |
1 q a? a3 am

1
L
L2
L3
terms does
n not exist

« Leading-log approximation (LLA) Tl&, (La)™ DIE%
HEEREFTRELLEIT: XPc,(La)®
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Exponentiation

« 5%, Log DIEIESFWIEHTET,
exponential D T— 7 —RBREDHICE> TS b LU,
Resummaton D #ER & exponential [ZE(+25 Z &M% LN
— C M, partonshower D &K 5 BIREIFHIFHZT7ILT) XLT
M TETHAEVL>EEGREREZHED
- S L7+ %FD—2:small-angle emission of gluons

S™ 1 (Bmax) _

- S" = ni [1 — T{]" provided that t* > t""! > ... > t! (combinations limited)

92
2Zmax
> SOmay) = EPSM = 17T = ¢ . 0% Iy

19



Parton shower &

leading-log approximation (LLA)

 Leading log MIE(X/N— b U EBEERH B
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vIalb—Yg3raIncTuLd

— LW\ ElE MCIZT TIZLLAZ®STWAZ EIZH S,
21X, ERUTOL S A ITORIEHELY S S aL—> 3 Y

A= ==
NFE

e BN A —U D pr threshold LMD 5% F LY
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« LML, LLA X “large-angle” = non-collinear emission %
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Parton shower matching: concept

IO & LL(E, EEAGWN ENHONATWLS
LO+PS MC AR ULVBIRZ A —RTHo =

NLO + LL I&, double counting '8 %
£ L TA, NLO+NLL NNLO+LL etc. &%

— BERTHYIZER < DX (T FEIE

Log IZ/NAE - X ILF AT —ILTRL

Higher order [F RAE T <

BHIE, NEURYFINIERLN?

— MC T, radiation @ k; BHDELUTE D, XAV TFT 5
— INTEEMLGEARYMNEITESLEH LU -> BRYFRL
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Matiching in practice

PS — PS =
M % XAM >V‘MN WQC X\E:Qc
C DC kr < Q°
/ / | .
ME yim % . ME W”? %@
! DV !
7> Q"
5. Tar

http://workshop.kias.re.kr/MGLP/?download=11 10 25 KIAS-MLM-lectures.pdf & U
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MLM algorithm
Summary of MLM algorithm

|. Generate ME events (with different parton multiplicities)
using parton-level cuts (pt"E/AR or kt™E)

2. Cluster each event and reweight s and PDFs based on the
scales in the clustering vertices

3. Run the parton shower with starting scale to = mr.

4. Check that the number of jets after parton shower is the
same as ME partons, and that all jets after parton shower
are matched to the ME partons (using one of the schemes
in the last slides) at a scale QM", If yes, keep the event. If
no, reject the event. Q<" is called the matching scale.

One more subtlety: the highest multiplicity sample
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Drell-Yan p%* & “¢;" 12 & % recoil HI%E
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a¢ medasurements

Event shape, jet shape
hadronic tau decays

# of jets, jet cross sections
(De-)correlation of jets

DIS scaling violation
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Fractional Uncertainty

¢ CMS Preliminary 19.7 fb™ (8 TeV)
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Summary on ag
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ZEUS incl. jets in v p : NPB 864:1 (2012)

H1 multijets at high Q7 : arXiv 1406.4709 (2014)
CDF Incl. Jets : PRL 88:042001 (2002)

DO incl. jets : PRD 80:111107 (2009)

DO ang. correl. : PLB 718:56 (2012)

Malaescu & Starovoitov (ATLAS Incl. Jets 7TeV)
EPJC 72:2041 (2012)

ATLAS N,, 7TeV : ATLAS-CONF-2013-041 (2013)
ATLAS TEEC 7TeV : PLB 750:427 (2015)
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CMS Incl. Jets 8TeV : JHEP 03:156 (2017)

CMS R,, 8TeV : CMS-PAS-SMP-16-008 (2017)

World Average : Chin. Phys. C 40:100001 (2016)
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— L\ % parton-shower algorithm
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resummation, & % LME LLA EFEEN S
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- Ty hEIE?
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— Electron finder, muon finder 72 & EAIAGE S ?

« Mk : Cluster algorithm, cone algorithm
o Ef:AFDO2OTA Z—TO cluster algorithm

o EXITDEIA —ATLAS TIEEDTILTY LN A D v — 2

Iy hTTAUE =AM AJWin

2009/7/12 Nagoya
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