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Z-';'Ityii?: Review the latest precision measurements in pp collisions:
:jrj:i:l':s:ﬂ;'on e inclusive jet production (8 and 13 TeV) [1, 2]

paipuhall e multijet production (8 TeV) [3]

EDre o triple differential cross section (8 TeV) [4]

S o azimuthal correlations (8 and 13 TeV) [5, 6]

:::jy New constraints on PDFs [1, 4]

B’”k Various measurements of ag [1, 3, 4]
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Introduction

Review the latest precision measurements in pp collisions:
inclusive jet production (8 and 13 TeV) [1, 2]

multijet production (8 TeV) [3]

triple differential cross section (8 TeV) [4]

azimuthal correlations (8 and 13 TeV) [5, 6]

New constraints on PDFs [1, 4]

Various measurements of ag [1, 3, 4]

The anti-k7 algorithm is used to reconstruct the jets [7],
with cone radius R = 0.4 or R = 0.7.
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CMS in a nutschell
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Inclusive jet analysis

T
Open:L_=5.6pb*
Filled: L = 19.7 fb*
,,,,,, CT10NLO O NP 0 EWK
—— CT10NLO O NP

E -e-|y|<05(x10°)
= 05<|y|<1.0(x10°)
- 10<Jy|]<15(x10%)
- 15<|y|<2.0( x10°) 3
—=20<|y]<25( x10%) LA B
-+ 25<|y|<3.0( x10")
—+-32<|y|<4.7(x10")
£ Ll

21 30 40 100

P .
200 300 1000 2000
Jet P, [GeV]

Measurements at 8 and 13 TeV
Two cone size radii for 13 TeV
The TeV scale is now reached!

Large rapidity coverage
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Inclusive jet analysis, 8 TeV

Data/Theory

o §

8 Tev 5.6 pb” (8 TeV)
Corrr e 3 > 2F : : : - A
E —— Data/Theary(CTlD NLO ONP O EWK) E| E E
e CMS —o- Data/Theory(CT10 NLO [ NP) <4 8 18 CMS -~ Data/Theory(CTIONLO LINP)
E --- Theory unc 1 < 16E - Theory unc E
£ Uncorrelated JES unc. E| E “E . |
. Correlated JES unc. =3 = . g
£ Total exp. sys. unc. 1 8 1-45 DTolal exp. sys. unc. |
- — 12 - =
£ E ,
E 0.8F= 7" ——_ =
£ 06F E
E 1 H 0.4 |
Elyl<05 OpenL;SGPb E F32<ly<47 E
;anu K, (R 0.7) Filled: Ly, = 19.7 fbo* E 02F anti-k, (R = 0.7) E
C Ll Lol C L L L L |
21 30 40 100 200 300 1000 2000 G21 30 40 50 60 7
Jet P, (GeV) Jet P, (GeV)

Comparison to NLO parton-level calculation, including EWK
and NP corrections.

JES uncertainties at the order of the percent in the central
region
— this is an achievement!

Agreement with measurement on two orders of magnitude!

New constraints on PDFs together with fit of ag
— see later in the talk...
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Ratio to PH+P8 CUETM1

Ratio to PH+P8 CUETM1

Inclusive jet analysis, 13 TeV

71 pb? (13 TeV)

25
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3 PH+P8 CUETSI-CTEQ6LL |

2f Anti-k, R =07 S;g)&gﬁTSLHERAPDF 3
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1.5F Exp. uncert.
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44 pb™ (13 TeV)
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2F Exp. uncert, 4
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L
140

| ,
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P8+CUETM1 (LO) agrees in shape in |y| < 1.5
Hpp+CUETS1 (LO) agrees in shape in all rapidity bins

PowHeg+P8 (NLO) shows good agreement

220
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Inclusive jet analysis, 13 TeV

71 pb? (13 TeV)

CMSs

2fAntik R=0.7
ly| <05 o

Ratio to PH+P8 CUETM1
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Exp. uncert.
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44 pb? (13 TeV)
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-.- P8 CUETM1L
- Hpp CUETS1

I
140

| I
160 180

120 20
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sfcms —e— Data 1
E PH+P8 CUETSI-CTEQ6LL |
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. -- P8 CUETM1 E
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2F Exp. uncert, 4
1.5F E

L
140

|
160 200
Jetp_ (GeV)

P8+CUETM1 (LO) agrees in shape in |y| < 1.5
Hpp+CUETS1 (LO) agrees in shape in all rapidity bins

PowHeg+P8 (NLO) shows good agreement

— no significant slope!

220
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Multijet analysis, 8 TeV

do 1 N. events

d(Hr,2/2) eﬁﬁﬁ A(Hr,2/2)

n
L4 HT,n - Ei:l PT,i

® ag can be safely extracted
o T —
from Rppn = 2= xcag ™"

On—jet

— see later in the talk...
® pr > 150GeV and |y| < 2.5

- /2) (poiGeV)

do/d(H

CMS Preliminary

19.7 fb (8 TeV)

anti-k, R=07 —e—n22 —CT100 NP O0EWK
lyl<25 ——n;23 —CT100NP

400 500 600

1000 2000
H: 42 (GeV)
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d(Hr,2/2) - eﬁﬁﬁ A(Hr,2/2)

n
HT,n - Ei:l PT,i

ag can be safely extracted
o T —
from Rppn = 2= xcag ™"
On—jet

— see later in the talk...
pr > 150 GeV and |y| < 2.5

25 CMS Preliminary 19.7fb* (8 Tev)
[ antikR=07 nz2
L lyl<2s —4— Data/(NP 0 EWK)
r — — MSTW2008
2 r —— NNPDF2.3
8 Exp. Uncertainty
r 7777 Theory Uncertainty
15
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05 L
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0 201
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— good agreement over the full range!
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Triple differential cross section

3
d°o 1 Ndijet events

dpr,ave dy* dys T Lo Apr.avg Ay* Ayy

int

® PT.avg = %(pT,l +PT,2)
° = sly + e

*

oyt =3l — 1

® prje > 50GeV

|Yjee] < 3.0

8 TeV

19.7fb-2 (8 TeV)
—0- 0sy,<1 0=y <1(x102)

cMS Al St AL et

—a— 0=y,<1 2=y"<3(x10%)
Preliminary -8 1sys<2 0=y <1(x101)
> 1syp<2 1sy'<2(x10%)
o 2= yp<3 0= y' <1(x100)

NLOJET++ (NLOGEW®NP)
NNPDF 3.0

u= eo3y
anti-kR=0.7

© pravg > 133 GeV

=3+l

200 300 500 1000
Pr.avg / GeV
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Triple differential cross section
8 TeV

3
d°o o 1 Ndijet events
dAproave dy* dys  eLET ApravgAy* Ay -

g wt CMS

9 Preliminary
1 g 106 —8- 1=y, <2 0=y’ <1(x101)
p— -~ > 1 <2 1 *<2(x10%
® prag = 5(PT1+pPr2) w0 | 1, SO A

NLOJET++ (NLOGEW®NP)
NNPDF 3.0

H=Prmaxe®d
anti-kR=0.7

° y = 5ly1 + 2
° ¥ =y — ol

v = 4o —wel

® prje > 50GeV

® |Yjeel < 3.0

® pravg > 133GeV

200 300 500 1000
Pr.avg / GeV

= 3lv + 9l
This measurement is very well suited to extract PDFs and as:
central region most suited for ag extraction at high energy scales
boosted region high-z region of PDFs can be better constrained

large rapidity separation PDF and detector effects can be better
disentangled
— see later in the talk...
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Triple differential cross section

197 b-1 (8 Tev)

=

5

0 NNPDF 3.0 ~ NLOBEW®NP
&

Rati

0syp<1
2sy'<3

500
Prav | GeV

19711 (8 TeV)

H
H
g
]

i
&
H

0sy<1
1sy'<2

1000
Prave  GeV

197 b1 (8 TeV)

Ratio to NNPDF 3.0 ~ NLOBEW@NP

0syp<1
0sy'<1

8 TeV

Good agreement with NLO calculation with

NNPDF 3.0.

Good agreement also with CT14 and

MMHT2014.

However AMB11 PDF underestimates the

Ratio to NNPDF 3.0 — NLOGEWENP.

predictions.
.
U
Preliminary 1sy'<2

Ratio to NNPDF 3.0 - NLOSEWSNP

1970 e
1oz

ABM11 - NLOGEWaNP

® prjer > 50 GeV
® |Yjeel < 3.0
® pravg > 133GeV

19701 @Te
253
cms, s

Ratio to NNPDF 3.0 — NLOGEW&NP

+ oas
2 Exp. Une
53 Theo. Une.
— CT14 - NLosEWeNP

MMHT 2014 - "
== aBM11 - NLOGEWeNP

1000
Pravs 1 GeV

200 300 500 1000
Prava / GeV.

200 300
Prave GeV
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Azimuthal correlations

19.7 b (8 TeV)

Introduction Ecms Pyttiet 222 E CMS
s Hemigh+ ] Preliminary
Latest E Pythiad CUETML 4 o meomocevead)  ndets 22
L ==~ MadGraph + Pythia6 22* v <1200 Gev (10') Antik R = 0.4
analyses F v <1000 Gev 0 ¢
y L aikr=o7 Pouheg + Pythiag CUETS1 oo PH.20 + Pythia CUETPOML
Inclusive iet E bimieas & 7o0<p <00 oV ) ]
sl F v oo immoer o 5 s T00Gev ) F
analysis 104 . O 500<p[ <600 Gev (0) -3
Multijet L+ 70<p : .
r e Y o o3
5 o o se0<p<700ev (rich o o -
analysis 0 T oy soncev (o) R o e
Triple E o 00<p™ <ao0ceyv (o) g e SR SR
. £ = e T —— 3
differential 107 ¢ 200<pP <300 cev o) R, -
cross section = s’ e S
5 B T s =
Azimuthal F el e |
: L s ]
correlations £ e — =
F e a4
PDFs L e e |
r g -
Strong
coupling 3
Summary ]
References . =
516 n n
Back-u D (ri
P P2 g, (rad)

The more extra radiations, the less correlated the two leading jets
— good test for matching ME+PS.

At 8 and 13 TeV, measurement of azimuthal correlation between the
two leading jets A¢12 (but different cone sizes).

At 13 TeV, additional measurement of minimum azimuthal

0 correlations of the 2nd with the 3rd or 4th jet: Ag5y".
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Azimuthal correlations at 8 TeV

19.7 b (8 TeV)

900 <p < 1100 GeV

~ pynaozz -
anvigen o3 o ot s 2
Db ooy I o rowensmvesscoers —Seo
S, i
R
[ oot P ee.
= Sias e %4,*&%24’;9,4

900 < 7 < 1100 Gev

Ratio to data

5 5%0a a0,

RSN

700 < " < 900 Gev

e

700< " < 900 Gev
FIgpesptavecs e

S===

:tigg.m%ﬁ?fﬁﬁﬁaaﬁ

500.< " < 700 Gev

:t :i::pﬁ:“’ ECsoeensees eI

500 < pr™* < 700 GeV

400 < ™" < 500 GeV

, 400<p[™ <500 GeV

b = o Pagoa, »,
oo o%0 2 O
= nggﬁi“"‘m S RNt
300< [ < 400 GV 300< " < 400 Gev

gt A e S e

200.< ™ <300 Gev

= o92083ae08ne
e g s, =

Saaae s

e SCeess 2 TR

200 < p™ < 300 GeV.

3

23 516

Ag  (rad)

dijet

W2 23 5m6
Ag _ (rad)

dijet

For event generators,
best agreement is
given by tree-level
multiparton generator
MadGraph+Pythia 6
(RHS).

Among the LO dijet
event generators,
Pythia 8 agrees best,
while Herwig++
overshoots most.

Also fixed-order NLO
parton-level
calculation in back-up.
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Ratio to data

CMS Preliminary

18]
15|
14
12|

o
08

B > 1200 GeV

18]

g,

800 <p!™

<1000 GeV

a—mM%g}E

A t**i* Fre

Azimuthal correlations
13 TeV, Ag>,

359 fb™ (13 TeV)

nlets >2

ANtk R =04

Exp. uncertainty

PythiaB CUETPBM1

Hervig++ CUETHppSL

MadGraph + Pythia8 CUETPEM1
1000 < pI" < 1200 Ge

Ratio to data

CMS Preliminary

14 P> 1200 Gev.
19
14 +
12 S Ts
S .
o 1
0
04| . .
18 800 < p’™ < 1000 GeV

35.9 b (13 TeV)
ndets =2
Anti-k R=0.4
Exp. uncertainty
PH-2J + Pythia8 CUETPBM1
PH-2J + Herwig+ CUETHppS1
PH-3J + Pythia8 CUETP8M1
Herwig? UE-MMHT

1000 < p™ < 1200 GeV:

boeome

1af o

600 < p™ < 700 GeV/

700 < pI™ < 800 GeV/

700 <5 <800 Gev
He e,
e

1af o

iaesees

500 < p™* < 600 Gev

500 < p"™ < 600 GeV/

RGN

Lo

200 <"

n*»ﬂgoao

Rt S

1 oo

<300 GeV

oo

»Nwo"%ﬂfsi?&gﬁ

300 < p™ < 400 Gev

300 < p™ < 400 GeV

Wz

L
23

5"‘/5 w2
o, (rad)

2n/3 516
g, (rad)

6
g, (rad)

MadGraph+Pythia 8 agrees best; Herwig++ overshoots again.

Best agreement is given by Herwig?7.

PH-2J gives better results when matched with P8 than Herwig++.
PH-3J+4P8 is generally lower than PH2J+P8.
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CMS

Preliminary

Inclusive jet
analysie
Multijet
ana|ysis ,
Trij

T emtial 2 7

cross section

Azimuthal =y
c:rl::f;tti:m s w! VW\

P> 1000 GeV (x10') nlets 23

57 < 1000 GeV (10" Antik R =0.4
<800 GeV (x10)
<700 GeV (x10)
<600 GeV (x10)
<500 GeV (x10)
<400 GeV (x10)

+ PH-2) + Pyihia8 CUETP8ML

™ <300 Gev

PDFs
Strong
coupling o Expetment 1
2..;;::::“::m:.ﬁs;2:;;.:“”“’“5‘
Summary
References
Back-up @ v =709GeV, y = —0.396, ¢ = 1.544

@ pr =709GeV, y = 0.343, ¢ = —2.655

© pr =703GeV, y=—0.304, p = —0.561 Ao (rad)

® Spectrum gets flatter, as dijet events are no more included.
® More sensitive to parton shower.

13/17 e Conclusions are similar as for 2-jet case.
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Back-up pr = 234GeV, y = —0.714, ¢ = —2.820

pr = 224 GeV, y = 1.477, ¢ = 0.349

pr = 216 GeV, y = 0.375, ¢ = 1.977

o
2]
©
4]

® Spectrum gets even flatter.

pr = 196 GeV, y = —0.823, ¢ = —1.199

® Even more sensitive to parton shower.

14/17 ® And conclusions are similar as for 2- and 3-jet cases.
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PDFs from jet measurements

CMS NLO HERAPDF Method (Hessian) ~100 HERAPDF Method (Hessian)
< N N o CMS E==1 HERA 1+11 DIS
© HERA 1411 DIS Q=19 Gev X go [\ Freminery HERA I+11 DIS + CMS Dijets
3 [ HERA I+ DIS + CMS jets 8 TeV. 2 Q7=104GeV?

H +
8 g
2 £
5 5
g &
[t x
%0 HERAPDF Method (Hessian)
-
Sg0 N\ CMS B HERA I+1 DIS + CMS Inc. Jets
CMS NLO HERAPDF Method (Hessian) x Preliminary HERA I+11 DIS + CMS Dijets
150 — 1 270 Q2=104GeV2
g HERA 141 DI~ Q'=100000 GeV’ 60
3 [ HERA I+11 DIS + CMS jets 8 TeV' 50
D100 20
* 30
20
50 - 1o
0
T 04
;04 $ 02
£ 0 0.0
5 5
So2f ~-02 t
2 M $-04
S o 104 10-3 10-2 10
g-o.z E x
T oak ! . . . H .
S Fit combines HERA and CMS data:

as extracted treated as free @ inclusive jet at 8 TeV
parameter @ dijet at 8 TeV
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Strong coupling

inclusive jet least square minimisation on pr(y) spectrum using NLO
parton-level predictions

multijet id. on R3s = Ug_jet/O'Q_jet
triple differential cross section together with PDF fit

CMS Preliminary

S o8 —— CMS R,, preliminary, 15 = 8TeV, ay(M,) = 0.1150°°%%
5 C —e— CMSR,, preliminary, {5 = 8TeV.
026 CMS Incl.Jet , {5 = 8Tev.
c —=— CMSR,, |5 = 7Tev
0.24— —+— CMS Incl.Jet , 5 = 7Tev
E —»— CMS i, s = 7Tev
0.22— —+— CMS 3-Jet Mass , 5 = 7TeV
E —f— ATLAS TEEC, 5 =7 TeV
0.2 —&— DO Incl.Jet
E DO Angular Correlation
018 HL
E T s
0.16— - - - World Avg ag(M) = 01181+ 0.0011
014;
012;
0.1;
o.oa; ) . ‘ T
567810 20 3040 100 200 300 1000 2000
Q (Gev)
method \ as(Mz) scale unc. exp. unc. PDF unc. \ total unc.
- - F0.0053 F0.0015 F0.0025 F0.0093
incl. jet 0.1164 -0.0028 —0.0016 —0.0029 -0.0073
- 0. T0.
muftjet | 01150 _ggesp  ome  soooie | oo
trip. diff. o 0.1194 ~0.0019 ~0.0015 —0.0006 —0.0040
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Strong coupling

inclusive jet least square minimisation on pr(y) spectrum using NLO
parton-level predictions

multijet id. on R3s = Ug_jet/UQ_jet
triple differential cross section together with PDF fit

CMS Preliminary

S o8 —— CMS R,, preliminary, 15 = 8TeV, ay(M,) = 0.1150°°%%
5 C —e— CMSR,, preliminary, {5 = 8TeV.
026 CMS Incl.Jet , Is = 8TeV
c —=— CMSR,, |5 = 7Tev
0.24— —+— CMS Incl.Jet , 5 = 7Tev
E —v— CMS T, s = 7Tev.
0.22— CMS 3-Jet Mass , 15 = 7TeV
E —f— ATLAS TEEC, 5 =7 TeV
0.2 —&— DO Incl.Jet
E DO Angular Correlation
018 HL
E T s
0.16— - - - World Avg ag(M) = 01181+ 0.0011
014;
012;
0.1;
o.oa; ) ) )
567810 20 3040 100 200 300 1000 2000
Q (Gev)
method \ as(Mz) scale unc. exp. unc. PDF unc. \ total unc.
- - F0.0053 F0.0015 F0.0025 F0.0093
incl. jet 0.1164 -0.0028 —0.0016 —0.0029 -0.0073
- 0. T0.
muftjet | 01150 _ggesp  ome  soooie | oo
trip. diff. o 0.1194 ~0.0019 ~0.0015 —0.0006 —0.0040

— all compatible with world average o5°¢ = 0.1181 4 0.0011! [8]
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Summary

We presented the latest results on jet measurements at 8 and 13 TeV.
The TeV scale is reached in the pr and Hr spectra, and a large
rapidity range is covered, opening up new regions of the phase space.
Detailed comparisons with LO/NLO+PS and NLO parton-level
calculations are available.

e The NLO parton-level calculations are in very good agreement
for R = 0.7 in all the analyses.

o Among the MC event generators, PowHeg gives the best
description of the inclusive jet, and MadGraph+Pythia and
Herwig7 give nice agreement in the azimuthal correlations.

Gluons PDFs can better be constrained, especially for high = values.

We have various measurements of as.
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Summary

We presented the latest results on jet measurements at 8 and 13 TeV.
The TeV scale is reached in the pr and Hr spectra, and a large
rapidity range is covered, opening up new regions of the phase space.
Detailed comparisons with LO/NLO+PS and NLO parton-level
calculations are available.

e The NLO parton-level calculations are in very good agreement
for R = 0.7 in all the analyses.

o Among the MC event generators, PowHeg gives the best
description of the inclusive jet, and MadGraph+Pythia and
Herwig7 give nice agreement in the azimuthal correlations.

Gluons PDFs can better be constrained, especially for high z values.

We have various measurements of as.
~ Thanks a lot!
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< 2.5 o < T -
= CMsS —e— Data i = LCMS —e— Data =
e 5 Tpdeme ] 6 ° Tiene
Ir":Ilmu've = + 2LANKR=07 T NIMHT0T4 E + 5P ANk R =07 T MIMHT2014 E
analysis % lyl<05 Exp. uncert. ] 3 F32<|y|<47 Exp. uncert. ]
Triple ) r —— Theo. uncert. 1 2 ok — Theo. uncert. =
i 3 15F 1 Oz 1
cross section E‘ n + ] 2’ 1 5: |
Azimuthal o Eotdy s - S 15F e 3
correlations ° B -+ ° —l— i
051 0.5F E
C | J i L 1 | | |
200 300 400 1000 2000 120 140 160 180 200 220
Jetp (GeV) Jetp_(GeV)
25 71 pb™t(13 Tev) 44 pb™ (13 TeV)
“Ioms —«— Data ] sfcMs —+ Data
* T NNRORa0 ] : T NNRBER0
2fAntik R=04 - NNPDESO, E g5pANtk R=04 o NNPOFSO
lyl<05 Exp. uncert. ] F32<|y|<47 Exp. uncert.
—— Theo. uncert. B —— Theo. uncert.

15

i
1

Ratio to NLOJet++ CT14
.
o

Ratio to NLOJet++ CT14
N

0.5

Il Il L Il Il Il |
200 300 400 1000 2000 120 140 160 180 200 220
Jet P, (GeV) Jet P, (Gev)

Agreement is better for large than small cone sizes

— missing PS and soft-gluon resummation in fixed order calculations
21/17
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Triple differential cross section

197b-1 (8 Tev)

Ratio to NNPDF 3.0 ~ NLOBEW®NP

Freiminary

- Herwig 7 NLO®EW

0syp<1
2sy'<3

Ratio to NNPDF 3.0 - NLOBEW&NP

to NNPDF 3.0 — NLOGEWENP.

20
pram e

101 @Tey
o=
oS, =

— Powheg+?8 NLOSEW —
- Herwig 7 NLOBEW — 1= pr

200 1000
Pravg  GeV
197b-1 (8 TeV)

Osy<1

Preiminary Osy'<1

— Powheq+P8 NLOBEW - = pi*"
- Herwig 7 NLOBEW — 1= pr.

central region

® while Pythia 8 + PS (LO) shows better
agreement in forward region

19711 (8 Tev)

Ratio to NNPDF 3.0 ~ NLOGEW®NP

s, S

Ratio to NNPDF 3.0 ~ NLOBEWSNP

3o 50
10701 e
1oz

® Herwig 7 (NLO) shows better agreement in

PTjet > 50 GeV

PT,avg > 133 GeV

197 b3 (8 TeV)

25y,<3
0=y <1

Ratio to NNPDF 3.0 — NLOGEWENP

200

1000
Pravg / GeV

1000
Prav / GeV.
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Ratio to Theory (CT10 PDF)

CMS 1071

P> 1100 Gev

Azimuthal correlations at 8 TeV

Antik,R =07

——— Theory CT10-NLO PDF
Scale uncertainty
PDF & d, uncertainty

St ANPDF2 1
MSTW2008
, \ , - NERAPDFLS
E & — E
,H ls, E
3 i & —l:h ]
E T =
EL L L L L L
3 + 400 <57 < 500GV,
= ...
f E———

E 200 < 300 Ge

E ch (rad)

et

L
2n3 SW&D ()

et

Fixed-order calculations agree with
data except from 57/6 for the
highest pT** region

Discontinuity comes from matching
LO and NLO.
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Ratio to data

IS = RS -l s S S S|

ot
=

A e e

CMS Preliminary

nJets 23
Antik R=0.4
Exp. uncertainty

Azimuthal correlations
13 T}A/,ZX¢H2

35.9 fb? (13 TeV)

o Pyihia8 CUETPEML
5 Henwigr+ CUETHppSL
& MadGraph + Pythia8 CUETPEML

CMS Preliminary

nJets 23
Anti-k, R = 0.4
Exp. uncertainty

35.9 fb (13 TeV)

PH-2) + Pythia8 CUETPEM1
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Herwig? UE-MMHT

800 < p™ < 1000 GeV;

oo e
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¢¢# Xtﬂs&“—h&*ﬁf

pI™ > 1000 GeV
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600 < ™ < 700 GeV
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L L

Ratio to data
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0 B
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N eeetat et
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oo
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EeSe-
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Ratio to data

CMS Preliminary

nJets 24 °
Antik R =04 o
Exp. uncertainty N

Azimuthal correlations

35.9 fb? (13 TeV)

Pythia8 CUETPEM1
Herwigs+ CUETHpPSL
MadGraph + Pythia8 CUETP8M1

13 T}A/,ZX¢H2

CMS Preliminary 35.9 fb (13 TeV)

PH-2) + Pythia8 CUETPEM1
PH-2) + Herwig+ CUETHppSL
PH-3) + Pythia8 CUETPEM1L
Herwig? UE-MMHT

nJets 24
Anti-k, R = 0.4
Exp. uncertainty
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Ty o

++#~ﬂ§ w&eﬁ*ﬂ 3

B
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m&?ﬂﬁ
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Azimuthal correlations
13 TeV, AgpTin

35.9 b (13 TeV) 35.9 fb (13 TeV)

CMS

Preliminary

CMs

Preliminary

PI™* > 1000 GeV (x107) nJets 24
Anti-k, R =0.4

v pr™>1000 Gev (x107) nJets 23
800 < < 1000 GeV (10" Anti-k R=0.4
700 < ™ < 800 GeV (x10)
600 < ™ < 700 GeV (x10')
500 < pI™" < 600 GeV (x10%)
400 < ™ < 500 GeV (x10')
300 < ™" < 400 GeV (x10)
200 < p™ < 300 Gev

800 < 7™ < 1000 Gev (10"
------ PH-23 + Pythia8 CUETPBML 700 < 7™ < 800 Gev (x10) <-===+ PH.2 + Pythia8 CUETPBML
600 < ™ < 700 GeV (x10')

400 < ™ < 500 Gev ()

v
a

B son<p <600 eV (10
0 300<p™ < 400 GeV (x10)
.

200 < ™ < 300 GeV

g S S,
g, R
SR AR A on s R e
e U fnacs S
WM T e
B .

—
T . =
e U T =
. e —-—
e S e, -
g s
%& o g e
o, =43
L Eoweama ey —
i S S e -
. . -
-, e
Eoromomoomomon, e

[ e ™3 w2 213 0 6 w3
Aafz';‘"(rad) Aqu‘“(rad)

3-jet (4-jet) distributions have maximum at 27/3 (7/2)
— typical, as shown in previous event displays
Little change at 0.4 is related cone size R = 0.4.
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Ratio to data

CMS Preliminary

nJets 23

Anti-k R=0.4
Exp. uncertainty

Azimuthal correlations

35.9 b (13 TeV)

o Pyihia8 CUETPEM1
5 Herwigr+ CUETHppS1
& MadGraph + Pythia8 CUETPBML

13 TeV, Ag

CMS Preliminary

nJets 23
Anti-k, R = 0.4
Exp. uncertainty

o

min
21

359"

(13 TeVv)

PH-2) + Pythia8 CUETPEM1L
PH-20 + Herwig+ CUETHppSL
PH-3) + Pythia8 CUETPEM1

Herwig? UE-MMHT

13
12| ot o 12] "
b Tey,  aosea, WeSFy. oovoos O 1 Shtaddes éé,,g iﬁ
1f Ty L5 38 e 1 +* '23 >
I e SN Sy | D%‘sﬁtﬂ « e 2 + ﬁ“ Kl *#‘
e 4% kS
05T 800.<p™ < 1000 Gev + pr > 1000 GeV <y 5 o7F 800 <pI™ < 1000 Gev pres 1000 Gev
os . . . . . . o . . .
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12bo e o S k.
[ e . e, coeesann, o” g v seove o Tr¥ sy st
e e o D;M 288 E*:ﬁ,,,: w
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o6 o
13 15
oPe o ! £
1, S P - poon = 11 00y eyt ey
fiStie T °°2:2«»° e D.,m""‘s%“m:s““““ % Irpatsepaett e Tigiler ’Jg T 3
o9 o9 = . 8F #
ooy ees S
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13670 . 13
f e i
LI staggooonoguatoo, e i, -3 + o9t ..
T s g st e SRS
0a) ooy el 08| * has
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o o
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MG+P8 and Herwig++ give reasonable description but P8 fails.

PH-2J has best agreement.

PH-3J+4P8 suffers from statistical accuracy.

Feature at low values in Herwig?7 is related to some non-physical cut.
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Azimuthal correlations

35.9 b (13 TeV)

o Pyihia8 CUETPEM1
5 Herwigr+ CUETHppS1
& MadGraph + Pythia8 CUETPBML

CMS Preliminary

nlets 24
Anti-k R =0.4
Exp. uncertainty

13 TeV, Agmin

35.9 b (13 TeV)

PH-2) + Pythia8 CUETPEM1L
PH-20 + Herwig+ CUETHppSL
PH-3) + Pythia8 CUETPEM1
Herwig? UE-MMHT
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e
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Other conclusions are the same.

g w2
Aqi;l‘”(rad)

% - % 3
E o ;-l: f
d{;&ryi + ‘T’ berprges™ - r 1H
200 <Tp”“ < 300 GeV | E o a00< Py < 400 GeV/ E
s W w20 " s w2
Ag"(rad) Agy"(rad)

Here however P8 and MG+P8 are both off.

Herwig7 exhibits large deviations.
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