L
L. 3

Scale choices for complex processes

Kalanand Mishra, Fermilab

o [pb]

500 S\/ / =

LO

H/Ho

Snowmass 2013: Energy Frontier
Workshop on QCD Physics,
FNAL, January 31, 2013
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eExperimental results on QCD
radiation in
-ttbar+jj, ttbar+bb, WWH+jj, H+jj, ....

°|n the framework of fixed order ME
+PS calculation
-Effect of fact/renorm. scale, ME-
PS matching threshold
-Njets/Npartons and phase space
dependence

Oh, so you
compute
backgrounds

*\Will also discuss some issues related to signal acceptance
-jet veto efficiency and systematics

Not a survey of results. Focus on few topics of interest.

The choice of topics has experimentalist’s bias.
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What I will NOT talk about !!!

NLO
revolution

*Thanks to heroic efforts of many
individuals, we have NLO+PS generators
available to experimental community as of
December 2012

-aMC@NLO

-SherpaNLO

*Have started generating and validating
several processes of interest
-Multijet, W/Z/y+jets, Wy/Zy+ 0,1,2 jets
-WW, WZ, ZZ + 0,1,2 jets
-tt, ttW, ttZ, tbZ, ttH + 0,1,2 jets
-WWW, WWZ, WZZ, H + 0,1,2 jets

*Currently sorting out various wrinkles,
expect data results starting in Fall 2013.
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[Starting with tt+jets process

1. ttH, WH (H—bb) eBackground for Higgs signal
< in many decay modes
{f [ RS N eSignificant scale dependence
for shape and normalization of
background

A priori choice of scale is not
clear: € mi or € Hr or € V(m¢ +
>p12) or € V(M + Imef?), O ...?

q

>
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Quark and gluon radiation in tt events

*At LHC, the fraction of tt events produced with additional
hard jets is high
- Sizable uncertainty from QCD radiation in many analyses
-Theory predictions and models need to be tuned and
tested with measurements

e[ arge samples of tt events provide a great opportunity to
study the details of the tt production mechanisms

*Potential of constraining QCD radiation at the scale of the
top quark mass
-Differential tt production cross section vs. pr(top), pr(tt)
-Jet multiplicity in tt and associated jets
-tt with veto on additional jets

Also see talk on this topic by Maria https://indico.cern.ch/
Aldaya in TOP LHC WG meeting: conferenceDisplay.py?confld=217721
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An example of generator setup (CMS)

process ME PS method PDF Tune
tt + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)
tt POWHEG-box 1.0 Pythiav6.42x NLO CTEQ6M  Z2(*)
tt MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

= Matrix Element + Parton Shower generators
« Better description of high multiplicities

* ISR/FSR modelling via ME from assumed Q2 vanation :( i:Q ::Q

» Matching procedure to remove double counting tree level diagrams with up to 3 partons

between partons produced by ME and PS

= Next to Leading Order generators

« More accurate in normalization
» Smaller uncertainty on Q2

2 Je A

real + virtual corrections

= MadGraph(+Pythia) is the default for most of the analyses
» Uncertainty on radiation covered by variations of Q2 and

ME-PS matching

Kalanand Mishra, Fermilab
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Simulation of radiative corrections

= The ‘Q? scale’ variation addresses 2 aspects:
* renormalisation and factorisation scale (ME)

« amount of initial and final state radiation (ISR/FSR)

= For each event, Q2 is defined as: = Parton showering:
Q* =m! 4 ¥ p? (MadGraph) « p-ordered evolution scale of ISR/FSR
Q* = m? (POWHEG/MC@NLO) » shares Q? factor ag scale with ME

o icitly: I i 2
« Q2 varied up (down) by a factor 4.0 (0.25) implicitly: starting scale changes with AQ

= MadGraph uses:
» free-level diagrams for hard radiation and interferences (up to 3 final-state partons for ttbar)
» parton showering for soft and collinear region (with Pythia 6.42X)

* matching via ktMLM, thresholds varied by factor 0.5 to 2.0 (nominal = 20 GeV)
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109 ——
tt+jj: scale dependence
$
arXiv:1002.4009, Bevilacqua et al 2
arXiv:0807.1223, Dittmaier et al LA 3
8 | More
Large dependence for cross section 8§ importantly in
400. 1 N N | D | I N N L m” dIStrIbutlon 1
L = [l — - [l -2 Load ey by by
i l R 'L F é l 0 ] 10 0 1(1)0 2(I)0 3(110 400
soor LO Ho = Mt ] m; [GeV]
PROCESS CONTRIBUTION
NLO with jet —
veto (<50 GeV) {l___pp—rttjg | 100% |
: I qg — ttqg 47.1 % I
T 1| gg — ttgg 438% |
T : qq¢ — ttqq’, qq — ttq'q 6.2 %
1 20 50 gg — ttqq 1.6 %
¢ qq — ttgg 1.2 %
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What the data are telling us: tt+jets xsec vs Niets
TOP-12-018

*Semi-leptonic channel: 23jets, pt > 35 GeV, |n| <2.4, 22 b-tags
*Corrected to particle level, in visible phase space — jets: pt >

35 GeV, |n| < 2.4 _ovsPamnysom s

©

MC/Data

10"

10

15F

050

% u, =4 jets, =2 b-tags i‘ Eéjé Lartons ]
. CMSPreliminary, L=5 b at {s=7 TeV @ 1 Raw Siiiim -
: . — o S -
"""""" Corrected ,
= —] 102§
; ® Data(combined) = —.-.- o] ; " -
T — 1 MadGraph+Pythia _ 12 n
B I _____ * IIIII ] O1.5?‘1“‘1‘11‘1“‘1‘11‘1“‘1‘11‘1“‘1‘11‘1“‘1‘2
| ---  MC@NLO+Herwig _ % 1o . . .
- = S osb e Y
L h 4 5 6 7 =8
B {f POWHEG+Pythia i $ N Jets
vt Ingeneral good agreement
..................................... ;'—_f between data and prediCtionS’
| - - T 1 MC@NLO+Herwig
° 4 > ® oo =8 underestimates large Njets.

Jet Multiplicity
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Factorization/ renormalization scale TOP-12-018

CMS Preliminary, L=5 fb' at {s=7 TeV *Sensitive to
L

o8 Llel e 1 modeling of radiation
e[ = 71 in MadGraph: data
10" | - better described by
- ® Data (combined) L _-j:j — a
- _ 1 larger scales.
— tt MadGraph+Pythia .
: """ tt MadGraph Q2 scale up — ':*':' - : .MatChlng and SCa|e
i MadGrah @ scale down uncertalntles grOW
102 — . .o . '
E - - - - ti MadGraph match thresholdup ~~ L—— L _j_ Wlth add Itlonal JetS In
B - {MadGraph matchthresholddown $ - the event —> bUt Can
© 2: _____________________________ -, ", ————"S——" "  — """ — """ — """ " be ConStralned USIng
8§ ¢ 1 data now.
O 1.5 X
= - —
| T s S S S S S SR RN SN S S S T U T I T

Similar behavior seen

Jet Multiplicity in dilepton channel.

Kalanand Mishra, Fermilab 10/ 32




MC/Data

Vs. additional parton multiplicity

CMS Prellmlnary L= -5 fb at \@_7 TeV

%_ ® Data (u+ets) _%
é_ —— i MadGraph+Pythia _g
?_ -------- i ---------- - tt MC@NLO+Herwig _;
%_ —— tt POWHEG+Pythia _%
:
: mparison with theory'—— = E
E . . ; . . -

2I2
Additional Partons

09—

TOP-12-018

CMS Preliminary, L=5 fb ' at Vs=7 TeV

- B e B B B B S S B B B -
E ® Data (u+jets) E
0.8— -
- — tf MadGraph+Pythia 3
0.7 _ -
N LR tt MadGraph Q2 scale up -
R S { MadGraph Q2 scale down
0.5 ;_ - - - - tf MadGraph match threshold up _;
0.4 f— - - = - tf MadGraph match threshold down —f
0.3 f— boooes :_#_ s===== —f
02t Vary scales & | =
= . U - — pu
0.1E- matching threshold E
= | | N =
1.4 ;_ ........................................................................................................................................
1.2 ;_ ..............................................................................................................................................
1 :_"F________________ s Sy
08 :_I ..............................................................................................................
0 1

Additional Partons

«Categorize tt MC events with N(genJets) NOT matching any top
decay products in AR > 0.5 — originating from additional partons
e Template fit for the 3 categories in data: 0,1,2+ additional partons
eHigher Q2 tends to describe data better

Kalanand Mishra, Fermilab
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More differential distributions at particle level

CMS, 50" at\E = 7 TeV

3

2

1

O 50 100 150 200 260 300 350 400
6. [GeV]

CMS, 50 &' at\s = 7 TeV

CMS, 50" NG = 7 TeV

25 2 -1
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TOP-12-018

CMS, 50 " at\s = 7 TeV

LML LI LA LA NG L
o/u + Jots Combined . 2
—— MadGraph
— MC®NLO
---- POWHEG

Mass

| PP BPET R BTSSR
10%200 600800 10001200

7T
m" [GeV]

CMS, 50" at\s » 7 TeV

50 100 150 200 250 300 350 400
22 [GeV]
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Comparlsons at partlcle level: AIp, MC@NLO, MCFM

< 10¢ = 10F—— — — arXiv:
g E — data E g E — data 3
= L —. L INLOMCFM) ] = R ] NLO (MCFM)
e 1 I NLO +NNLL 3 = 1L e ALPGEN 1207 .5644
C —_— B E 3
5 10" ATLAS = 1E3, - T MC@NLO ]
& F 4 E e e ]
8 o ;det_Z.OS fo ] ©_ 4oL arLas 4 ttbar
ttbar 2 ¢ R : : ?
= f 1 = kadt 2.05 fb 1 mass
10 T T
m aSS % 1 .5E 1 O 2 ? setanen .'.'..'..'.'..'..'.T.'..'..‘.'..'..';
Q 1 | | | C ]
S o5t * |
> 0.5 10°
s 1.5F % 1.4f
T4 , , | S 120 T R E s S
g E f I I ; 15 | ..-.T.-. T -...T.... E
S 05 ‘ I g8 ‘
> 300 1000 2000 2 300 1000 2000
z m, [GeV] = m, [GeV]
- 1 2: T T = = L L B L B BB
2 0 F data E <) ATLAS —— data
2 - . o : NLO (MCFM
= C 1 NLO (MCFM) ] 5 4L f Ldt=20510" CINLO( )|
= 108 e ALPGEN - e cJd ALPGEN ]
8 F e MC@NLO 7 n R MC@NLO ]
. r ] b - B
8 r b L e 4
S 1i ATLAS = i k= — | ttbar
2 ;det=2.05fb'1 - i | rapldlty
ttbar pt 1oL R
= _-.-.-.-.-.-.-.-.-.-.*-.-.-.-i
F : 10" ) E
102l ] T :
% 1.5 T ... isessssssssscsssssmessesie g F -----_-----‘
© L i
Q e % ......... P _i____ . g 1i 2E | .-.:.-..-.:.?.:.-..-.:.-.
g 0 5: .................... ] a 1» | _L i .'{'. QI' |
o P : - Q
710 20 100 200 1000 Q
= b [GeV] s % 2 4 0 128 13/32

Tt t




Extra jet veto

= Quantify jet activity arising from quark and gluon radiation produced with the ttbar
system with a jet veto:

N, total number
of selected events

N(p;): events which do not contain N(H;): events in which the scalar p;
1 (2) additional jet p; above a certain sum of all additional jets is below a
threshold certain threshold

Sensitive to all hard emissions
accompanying the ttbar system

Sensitive to the leading- (2™ leading-)
p+ emission

= Corrected back to particle level within visible phase space

= Corrected for detector effects using MadGraph

« MadGraph+Pythia, MC@NLO+Herwig, POWHEG+Pythia

= Compare to:
» MadGraph with varied scales: Q2, matching

Kalanand Mishra, Fermilab 14/ 32




Jet veto efficiency vs additional jet pr

CMS Preliminary 5.0 fo' at\'s=7 TeV

C [ T T [ I ]
O 1:— Dllepton Comblned
© - =
© 0.95 £
“— - =
o 09 =
0.85— . . 7
F Comparison with theory 3
0.8;— _;
0_75f_ e Data _f
= [ ] Syst+Stat error .
0.7 —— MadGraph+Pythia 3
0.65 ! —— POWHEG+Pythia ]
s --:= MC@NLO+Herwig =
0.6 =
_-_'7 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I:
T 1.05 7
Q M _
S e -
8 0.95-F | | | | | | .
= 50 100 150 200 250 300 350 400
P, [GeV]

*MC@NLO+Herwig provides
better description of data for 1st
additional jet (shown here) but
overestimates for 2"d extra jet

Kalanand Mishra, Fermilab

0.65

CMS Prellmlnary 5.0 fb’ at\E—7 TeV

TOP-12-023

—

D|Iepton Comblned |

0.95F
0 95 Vary scales &
E matching threshold
0.85[—
- e Data
0.8 [ ] Syst+Stat error
0.75E —— MadGraph+Pythia
o MadGraph 4*Q?
0.7, MadGraph Q?/4

- - -- MadGraph matching up
- - - - MadGraph matching dow

e

|||-III|IIII|IIII|IIII|IIII|IIII| erllllllll

eHigher Q? describes data better

0.6(s
v b e b b by
1.05 _— I ' ' ' ' ' '
L ——— e
0.95 1T . . . . . ]
50 100 150 200 250 300 350 400
b, [GeV]

eExperimental precision better than
spread spread from Q2 variation —

data can provide constraints
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Theory/Data

—

Jet veto efficiency vs Hr

CMS Preliminary, 5.0 fb' at\'s=7 TeV

TOP-12-023 arXiv:1203.5015

CMS Preliminary, 5.0 fb' at\'s=7 TeV

Frrooorrrrrrorpr e e e e e e Frrrrrrrrr T T
— Dilepton Combined ¥ 1= Dilepton Combined .
= = 095 =
= i 0.9F- “Vary scales & 3
= Comparison with theory 4 o.ssF rgattchlng threshole
C 7 C : L ata 3
— = 08 4 [ Syst+Stat error gt
= e Data = 075 —— MadGraph+Pythia =
- [ ] Syst+Stat error 5 S 5 MadGraph 4*Q? .
= —— MadGraph+Pythia = 0.7 MadGraph Q%/4 —
g | —— POWHEG+Pythia = 0.65 EE’IF ---- MadGraph matchingup 4
-~ MC@NLO+Herwig = _:}:_: - - - MadGraph matching down J
=i 0.6y =
! ! Loy | ! ! = L Ly | ! Low o] A
— . 1.05— -

1 e — 1F e
. 0.95f = =TT s
50 100 150 200 250 300 350 400 200 250 300 350 400

Hr [GeV] Hr [GeV]

eSame conclusions as on previous slide
*\With suitable choice of Q?, Madgraph+Pythia describes data well
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Curlous case of tt+bb
arXiv:0905.0110, Bredenstein et al
Some NLO diagrams

* Important bkg for ttH
] e[ arge NLO correction
L -At the central scale, k-
factor =1.77
-Mostly from gg diagrams

a;i i :Q: *Varying the scale up or
down by a factor 2 changes

Study a generic family of factorization the cross section by 70% in
and renormalization scales expressed LO and by 34% in NLO.
In terms of mt and Mpep.

-A veto on extra jets (pr <
50 GeV) reduces the k-
factor to 1.2

Kalanand Mishra, Fermilab 17132




[tf+bB: scale dependence

sib] PP tibb i X
9000 4 LQ oo
8000 | .
000 L
6000 | =
5000 |- :::F. = el‘;;-e Gev
4000
3000
2000
ol
I
pmam e Lo 08
3
o [fb] pp — tEbb + X
9000 LO o
8000 | .
= -
6000 | o -
5000 | Hr = po/¢ -
1000 | m, = 172.6GeV
3000 |
o e
wol e y
0 l | l , 1

0125 025 05 1 2 4

arXiv:0905.0110
o [fb] pp — ttbb + X .
s = 14TeV
10000 10 o 1 Ny = 5
NLO

o = Tt + Mpp cye/2
CTEQ6L1/CTEQ6M

pTb > 20GeV. lun| < 2.5,

1000 |
' Mpg > My cut

me = 172.6 GeV
1o/2 < p < 2po

10 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200

mbB, cut [GGV]
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What the data are telling us ? TOP-12-024

ottbb and ttjj modeled using the Madgraph
-up to 4 additional partons including b quarks, jet pt > 30 GeV

eFactorization and renormalization scales as on the previous slide
-uncertainty estimated by varying u by factors of 2 up/down

4(2 = T T T I I I I I I I T | I = (7)) :\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\‘\\_\\‘\\\\:
S - CMS Preliminary ;qata e 2 0.6 CMS Simulation —tt + bb
> .| 50fbat\Vs=7TeV i € | atUs=7TeV “ti+cc ]
w107 g tt+bb o . t .
: ; 0.5/ ~tf + LF ]

- -O - 1

CINJ B ]

g - ]

(@] 03f ]

0.2 -

0.1F =

E O:\ 11| ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1 111 ‘ :

0 1 2 3 40123 4012 3 4 00.511.5_22.5:’33_.44.55
b-det Multiplicity (CSVM) b-jet multiplcity (CSVM)
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[What the data are telling us ?

TOP-12-024

#1. That the default scale choice provides a good modeling

of data within the uncertainties
H2.

o(tfbb) /o (tfjj) = 3.6 £ 1.1(stat.) & 0.9(syst.)%

Source o(ttbb) /o (ttjj) (%) (CSVM) | o(ttbb)/c(ttjj) (%) (CSVT)
Pile-up 0.5 0.5
JES 3.0 2.0
b-tag (heavy flavor) 6.0 4.0
b-tag (light flavor) +23-19 +18 -15
MC gen. 3.0 3.0
IEZ scale 6.0 6.0
Total uncertainty +25 -21 +20-17

Experimental uncertainty (flavor tagging) is much larger than
the scale uncertainty. Need better experimental precision to

constrain the latter.

Kalanand Mishra, Fermilab
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Events

Data/MC

[Example of scale uncertainty in signal extraction

lepton + 4 jets += 4 tags CMS Preliminary, s =7 TeV, L=5.0 fb" - -
— Bt (15.4) It +cT (0.5) B it +0b(2.2) HIG 12 025
- singlet ( 1.4) tt + W,Z (0.5) [ EWK (0.0)
[ —+—Data(18) [/ ASum MC (20.0) — tTH120 ( 0.5x43)
2 Distribution of MVA output
L in events containing lepton
- + MET + 4 b-jets
/ *MC uncertainty includes

scale uncertainty (u varied
up/down by a factor 2) and
uncertainty from exclusive
jet binning

ol
01 02 03 04 05 06 0.7 08 0.9

ANN output
Kalanand Mishra, Fermilab 21/32




Diboson and Higgs




WW+jets as background to Higgs

*Higgs signal sorted into 0,1,2+

. . H — bb (VH tag)

Jet bins H —> bb (ttH tag)

— allows identification of Ho e (001 e

. . H — 7t (VBF tag)

backgrounds in each bin H s ¢ (Vi tag)

H — vy (untagged)

—30% of Higgs created with > 7y (VEF tag)

one jet, ~15% with =2 jets o

e H— WW (VH tag)

*H (— WW )jj created through s 27

vector boson fusion (VBF) as well

as gluon fusion (GF) q

\s=7TeV,L<51f" {s=8TeV,L<12.21b"

CMS Preliminary m,, = 125.8 GeV

— VBF has characteristic
forward jets

— WW (+ jets) is irreducible
background to both

*GF contamination in VBF sample

>

is pretty high, at 10-40% level I

Kalanand Mishra, Fermilab




[WWjj @LO: two distinct strong production processes

Two quark, two
gluon processes:
q2

W-
W+
o000 9

o000 9

WYaAYAVAVAVE U

VATAAAYR U

All permutations of W
g; bosons with gluons

For detail see Melia et al

arXiv:1104.2327
arXiv:1205.6987

Four quark processes:

u
W:)w>“mv<
W+ Uu 3

u o

8

u S
u S
1" ]

d
W

1

W-

W+

1

W-

wli'+

c

S
s

W

Also t-channel contributions — Complicated

flavor structure

Kalanand Mishra, Fermilab
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Large dependence on fact./renorm. scale

ILF = LR = [ arXiv:1104.2327

L e A i

N LHC,Ys=7Tev --- LO | i e

55' \\ Js— © _NLO- 200 -—= LO g 4
sof
E st
b [
40}

35§ .

00 TS0 T 00 250500 7 8 9 10 11 12 13 14

p [GeV] Vs [TeV]

°0L,0=46 13 fb,onn0 =42+ 11D

«“Optimal” factorization/renormalization scale: 2mw at Vs =
7 TeV, 4mw at Vs=14TeV

eUncertainty reduced at NLO by order of magnitude
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Scale dependence in gg— H+jj production

arXiv:1202.5475
(Campbell, Ellis et al)

An irreducible background for VBF Higgs

_ _ _ __ . UB
Hy = Ur = MMy Hr = Hr = Pt

LHE —— - LHE ——
Z 10t | PY e | 1071 [ P, PY — | LHE =
o - NLO +-a—= - NLO -+= 1 Powheg Box
2 102 g

s == 1 PY = Powheg
gl >20CeV  —— i +Pythia

10~ ] N i S
; ? = M NLO = full

0 50 100 150 200 250 300 350 400 0—30 100 150 200 250 300 350 400
rr [GeV] pr [GeV]

Scale dependence significant only for low pt H
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Large LO-NLO difference in shape

o
W

o

dor/dp+ 1 [Tb/GeV]
i

o
P

o
(=)

OrrrrrrrrrrrrrTrTTT T

| T arXiv:1104.2327
B =M1 NLO greatly reduces
3 | .
£ 1o Jet 2 the scale uncertainty
i
= 05
50 100 150 200 250 O B ¥ 13 :
P [GeV] P [GeV] Event selection
020~ . . . . .
*Anti-kt 0.4 jets

z 015 eJets cuts: pt> 30 GeV, |n| < 3.2

%m | epton cuts: pt > 20 GeV, |n| <

:é - 24, ET,miss > 30 GeV

< 005}

- Also, see talk by Raoul Rontsch at FNAL

200 300 400 500 600 700 800 http://theory.fnal.gov/seminars/seminars2013.html
Hyror [GeV]
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What the are data telling us: WWijj yield

. 17 /fb HIG-12-042
Both W'’s decay leptonically
myy . WI-_I’LW_ . VSEW- +Z‘7r;z°izfif— Top W +jets Wol*) all bkg, data
2-jet category eu final state
120 [ 1.7+02 | 08+05 0.1+0.0 09+03 [ 03+02 [ 01+01 | 22+06 2
[125 [ 28+04 | 0905 0.1+0.0 15405 | 03+02 | 01+01 | 29408 | 2
130 [ 44+06 | 1.3+07 0.1%0.0 1.6+05 | 03+02 | 01+01 | 34+09 | 4
160 | 11.7+15 | 1.2+06 0.0%0.0 15405 | 0.0+00 | 01+01 | 29+08 | 4
200 | 93+12 | 25+1.2 1.7+16 46+13 | 03+£04 | 00£00 | 91424 | 8
400 | 3905 | 35422 1.7+16 46+13 | 00£00 | 0.0£00 | 98430 7
600 | 14402 | 1.6+10 0.040.0 19408 | 03+02 | 00+00 | 37+13 3
2-jet category ee/ uu final state

120 [ 1.0£01 | 05+0.3 32415 07+02 | 08+05 [ 01+01 | 52417 | 9
125 | 15+02 | 05+0.3 44+13 07+02 | 08+05 | 01+01 | 65+15 [ 11
130 [ 23+03 | 05+03 48+16 08+02 [ 08+05 | 01+01 [ 70+17 | 11
160 | 74+10 | 05+03 3.8+3.8 09403 | 01+01 | 00+£00 | 52+38 5
200 | 49406 | 1.5+07 44430 20405 | 0.5+04 | 00+£00 | 83+£32 | 9
400 | 27+04 | 14409 0.140.0 36+11 | 02+04 | 00+00 | 53+14 | 8
600 | 1101 | 05+04 0.040.0 14406 | 01+01 | 00+00 | 20+07 2

Require An(j,j) > 3.5, m(j,j) > 500 GeV, pT (j) > 30 GeV

Kalanand Mishra, Fermilab

... Well, not much beyond a rough agreement. Need more data !!!
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Extra jet veto systematics: an important example

1 arXiv:1301.4698
\'s =8 TeV,L=351b WW-—2I2v cross section at 8 TeV (CMS)

Channel 20"2v Signal extracted in 0-jet bin. Cross
WTW— 684+50  section extrapolated to full phase space.
tt and tW 132 +£23
W+ jets 0L22  [-69.9%2.8 (stat) £ 5.6 (sys) £ 3.1 (lum) pb
WZ and ZZ 27 £3 L _ +24
Z /7" +ets 43 + 12 NLO prediction (MCFM): 57.3 £ 2.4 pb
W) 14+5 1.80 above NLO prediction
Total background 275+ 35
‘ Signal + backgronnd 959 - 60 I Could be a conspiracy of syst bias &
Data 1111 )
upward fluctuation, but has generated
some buzz ...

Main systematics:
Jet veto (+PDF) 4.6%
Luminosity 4.4%

Charginos Hiding In Plain Sight

David Curtin.! Prerit Jaiswal :2 and Patrick Meade?

arxXiv:1206.6888v2
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Events

Events

= S =P
E [ Drell-Yan =
1800 [ top-quark =
1600F- Bl \V+jets E
1400 ] non-WW diboson
1200 =
1 ggg = [Lat=a.61" E
600 f_ Vs=7TeV e _f
400 M =
200 E

Extra jet veto efficiency

| | | | |
ATLAS —+— Data

0 1 2 3 4 5 6 7 8 9
Jet Multiplicity

700F

arXiv:1210.2979

*Experimentally jet veto

necessary given the S/B
-But currently cause large
syst uncertainty

eIn case of WW production,

signal acceptance is small in

2-jet bin and tiny in 22 jet bin
-But tt+jets is overwhelming

E T T
E ATLAS

|
Events
N
a
o

ee

i |
6 7 8 9
Jet Multiplicity

6

30/ 32

Jet Multiplicity




e(Py veto)

e(Py veto) / €centrallPveto)

Extra jet veto efficiency: NNLO resummation

- |
(gg—>H m,=125G

- pp. 8 TeV

o

ol 5

my 4 <pse.Qamy,, sc'v-'neis CLD.C!i
03 [pammari.. ... -
| Pythia partons, Perugia 2011 tpe 4 i
06 | PN ———
04 | i NLL+NNLO —— |
' P NNLL+NNLO
HqT-rescaled POWHEG + Pythia = = = |
0.2 ’ | : | 1 | 1 | |
1 -2 I I ! ! 1 I I l l 1 I I
1 .1 ‘?r'z-;ié-". :x'x XXX —-
1
0-9 0 llxlll ll ,l xl AL -
0.8 i . N N
10 20 30 50 70 100
Pt veto [GeV]

Kalanand Mishra, Fermilab

arXiv:1206.4998
(Banfi, Monni, Salam, Zanderighi)

http://jetvheto.hepforge.org/

*Experimentally jet veto
necessary given the S/B
-But currently cause

large syst uncertainty

*NNLL resummation
reduces jet-veto
efficiency by ~30%

*New proposal for 0,1-jet
correlation matrix
(efficiency & Otot UNcoTrT.)

Also, see talk by Matthias
Neubert at SUSY 2012
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Summary

4 Study scale dependence in several abundant SM processes
e In the framework of MG/Alp/Sherpa/MC@NLO + PS
e Scale & threshold variations have significant effect on kinematic
distributions for high Nijets and tails
e Data are providing important constraints in some cases

4 WWH+ijets and H+jj show large dependence on the choice of
factorization/renormalization scale
e Not enough data to constrain in a meaningful way

4 Jet veto efficiency a significant syst in many measurements

e Theoretical tools becoming available to reduce it
e Also exploring data control samples to control this systematics
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BACKUP SLIDES




[Introduction: matrix element + parton shower

Example: X + 3 partons vs X + 2 partons

(

\

2 partons + | hard radiation 3 partons + no hard radiation
. v
é N
A A
3partons (2 collinear) 2 partons + no hard radiation

v

ME and PS overlap
=> If you add all multiplicities: wrong cross-section.

Kalanand Mishra, Fermilab
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What is available on the market?

https://cp3.irmp.ucl.ac.be/projects/madgraph/attachment/wiki/MGTalks/

@E Generators (ALPGENI HELAC I MG/ME ][ AMEGICTH+ I D

S

[Matching Schemes}

!

b
MLM

-Event Rejection based
-Cone or Kt

CKKW

-Shower veto
-Kt clustering

-Sudakov Reweighting

Ghowering

(' HERwIG )(PYTHIA ) (ARIADNE]( sHERPA

)

Kalanand Mishra, Fermilab
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[Introducing the problem

But let's start with something simple:
vector boson production at Leading Order

qi

qj

0 —lu O , o o 20\ -
(([([) = Z("/ (q0i © Goj + Goj = qoi) (T) o(l — 2)

where /S is the hadronic cm energy, =, = Q2/S, and C 7y

specifies EW couplings.

Kalanand Mishra, Fermilab 36/32




[Factorization scale

WI/Z + jets production at LHC at LO from qg initial state

g .
Collinear

singularity

due to gluon

splitting at
| (p1_p3)2 =0

(1) Ty
99 35

! ! : 0 S —t  2uQ?
X (t dud(s+t+u—Q°) |— + _
. % ' s ot
e Solution: integrate

do\)/dt ~ 1/t as t — 0: a collinear divergence the leading behavior
| 1/t from 0 to -p2.

Kalanand Mishra, Fermilab 37132
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Why it matters?

*The hadronic cross section o, calculated to all orders in
perturbative QCD, is independent of u
-BUT fixed-order results depend on

*This dependence is often significant at LO and NLO, and
IS reduced at higher orders

*\When higher-order calculations are not available, we are
left with a theoretical prediction that depends strongly on p
-true for most dominant processes at the LHC: muilti-jet,

vIW/Z + jets, tt, ...
-large error on y, sometimes many ambiguous choices

eCauses significant uncertainty in background estimation
for signal events of interest, new physics searches
Kalanand Mishra, Fermilab 38/ 32




[Semileptonic: also have to deal with W+4j & ttbar

“ . Signal , q backgrounds
|
A%
J
J
T g q
WW+2tag jets: ~0.1 pb (for
semileptonic WW) W+2jets+2tag jets: ~10 pb

*An between tag jets > 4
e|Invariant mass > 600 GeV ;

This is weird corner of phase

space for both backgrounds. b
Need good modeling of 3

angular distributions, jet veto. tt with 2 tag jets: ~10 pb

Kalanand Mishra, Fermilab 39/ 32




[Tl'bar event selection

Lepton+jets:
 Exactly 1 isolated high-p; lepton (u or e)
o e pr>30GeV, n| <21 (also n|< 2.5 for e)
» VVeto additional leptons

» Analysis-dependent jet selection
(z3jets,p;>30GeV, n| <24)

e > 2 b-tagged jets
(Kinematic reconstruction of the ttbar system)

Dileptons:

* 2 opp.-sign, high-p; isolated leptons (ee, pu, pe)
*wep>20GeV, |n<24

* QCD veto: m; <12 GeV

e>2jets, pr>30GeV, In| <24

* > 1 b-tagged jets

* ee, up Channels: E;miss > 30 GeV, [m, — m,| > 15 GeV

Kinematic reconstruction of the ttbar system

Kalanand Mishra, Fermilab 40/ 32




da/a(n,—ng) [fv]

Today'’s signal is tomorrow’s background !

Most separation between VBF and GF comes from An (j1, j2).

SR DL B B B B . .
minimal cuts arxiv: 10014495 1 — Typical analysis uses An > 4

Jy = My = 160 GeV

300—

oor WW+2j, arXiv:1104.2327
100f 12 -.--;Soé
: = 10} ]
o-llllllllllll_;j-l—[_l_lllllllllll %8'
-8 -4 -2 0 2 4 8 =
Ny = !
e IS 6
T 4l
*The same cut also goes alongwayin =
. . 2+
suppressing WW+jj background. ]
*NLO shape for WW+jj needed to keep -6 -4 -2 0 2 4 6

signal acceptance syst under control A o

Kalanand Mishra, Fermilab 41/32




9

Quark and gluon radiation in W/Z events

2 a ubiquitous source of background for virtually any

signal at the LHC

g b

g Wiz
g q Wiz
Wiz b

Kalanand Mishra, Fermilab

Availability of
large datasets
allows for
constraining the
unknown
parameters in
fixed order ME
+PS computation
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Default generator settings for W/Z+jets

ATLAS CMS
ME ALPGEN 2.13 Madgraph-5 1.3.30
PS Pythia 6.4.21 Pythia 6.4.22
Matching threshold 20 GeV (MLM) 20 GeV (MLM)
UE tune AUET1/2 Z2
Default PDF CTEQ6L1 CTEQS6L1

Fact./Renorm. scale ™v + Z %) | [mv2+pT1v?] dynamic

partons

Kalanand Mishra, Fermilab
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Differential distribution in Njets

CMS, (s=7 TeV,L=5.0 fb™

arXiv:1301.1646

% \\\\\\\\ [T T[T [T T[T T rrrT CMS,\E=7T€V,L=5.0fb-1
G | Data | £ F | ! ! | |
310" L 50E - Data 1
2 7 [ |DY+jets 2 DY+jet -
£ o . 2 . +]els-
g PT g G0t Nijets g E
10°
o BEW
Njets =1 .
p"T'et >50 GeV
10? 5
10 s
///f Ll I Ll I Ll I Ll I I#I T_L N
0 200 250 300 350 400 ] 5
Py [GeV] ]

=1
Lg) 1‘4 444444444
R Y aordd ot o
:*-,of.., RPN, o o> 0 .o+ 4. R -l ) . —
_g 1?—' e S S ++++++ + ++ ++ g 1.4:
B 0B T Jf Tt S1.2F
o + Q)
0.6 . . : . . - o T 1F
0 50 100 150 200 250 300 350 400 .g 0 8:—
< O
o
[0 )] m—

Discrepancies in the tails

Kalanand Mishra, Fermilab




Events / GeV

Data/MC

Differential distributions for each Njets

arXiv:1201.1276

pt distributions of the leading fourjets in W+jets events

10% ¢ B , e E 10— 3
= I W+ ] 4 W 3] ets
F det=36pb El\lavt 2010\F 7TV det=36pb +\El>vt a 2010,\s= 7TV
L —uv [IW—=pnuv
103 L [1Qcb — | 102 J1Qcb _
[ W—)rv 3 E CIW—tv
[} % ibos [ %ibosons
] —wu i Il Z—pn
1 02 E Z—Tt E Z—tt
E tt E tt 3
[ single top 3 [l single top
ATLAS ATLAS

AT

w%%%%yfﬁ {/47%%

0.5 50

50 150

50 100 150 200 250 300

(First Jetp, [GeV]) (Second Jetp, [GeVD (Thlrd Jetp_ [GeV])

700 150 200 250 300

These distributions are very useful in comparing with the

100 150

Gourth Jetp, [Gev)

predictions of pQCD. E.g., We already see small discrepancies

In the tails even in 2010 data.

Kalanand Mishra, Fermilab
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do/dp." [pb/GeV]

Data/MC Data/MC

107

N SN WA

W+Db-jets production

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-156/

1 jet 2 jets

R T . T T ] ;‘ E T T T T =
ATLAS Preliminary - /o’ Data (@=7 TeV) B 8 - ATLAS Preliminary ‘s’ Data (\E=7 TeV) :
§ fL dt=461" ~%~ MCFM = S T fL dt=46fb" ~+~ MCFM .
- —=— ALPGEN - o T —=— ALPGEN .
St e 1 3 w0y -
T ST o %/%/ =
B , ] & [ s taidd .
= R 1 & Grrte 40008 i
- . L g
~ e+u, Ndet=1 7] - e+u, Ndet=2 .
i / ) 102 /%_
g_ /Z/Z E v
- v B -
- Pt 3 - eor. uncertainties )
= :heor.uncertalgtles (4450 zzi E 2;7 ; .221111111444444444%%%7
— 247 Data / ALPGEN % __ Q 3 2%~ Data/ALPGEN E
E e 8 2r : 400
i m A A B4 » » L .
—25:30 30-40 40-60 60-140 25-30 30-40 40-60 60-140
b-jet p_[GeV] b-jet p_[GeV]

Do data prefer a different scale than used in simulation ?
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Events / GeV

Factorization/ renormalization scale in W+2-jet

.. _ , arXiv:1210.7544
Dijet mass in W+2-jet events

CMS, /Ldt=5.0fb" \s=7TeV
T T T N T T T T

A z *
— M, Lt 250 Ne =7 eV = * (data - MC)/ error |
- WW/WZ - 3 :
- Il W+jets 7 2 I
- top - : :
1500 mm QCD ] oHlHH | l W * [
- Z+jets i ’JHHIJI * *
- e data i I % ]
I | -2 R ——
1000} .
50 100 150
m; (GeV)

500}
Had to vary factorization/

renormalization scale and ME-
! ! ! ! I ! ! ! . I
50 100 150 PS matching thresholq to be |
m; (GeV) able to model data satisfactorily

Kalanand Mishra, Fermilab 47/ 32




[Factorization/ renormalization scale in W+2-jet

Needed to float factorization/renormalization scale & ME-
PS matching threshold to get good modeling of data

FW+]ets @ ]:W+]ets ,”O/ ,2 @ fWﬂets ,2 5]3) (1 — & — ,B) ’ fW+jets(,”%/ C]%),

%‘419.45?—('19?""""""""—

2 °a (scale 1 or |) and B (matching 1 or
£ 4roel 1) consistent between e/u data

..f eData prefer smaller value for ME-PS
5 -a19.47 matching threshold than 20 GeV

s _

S

Q.

matchingUp
Kalanand Mishra, Fermilab 48/ 32




