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The CMS group at DESY has a very broad scope of activities.
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This talk will highlight only a subset of several studies/results:

- BRIL and Luminosity measurement (Run-3).

- Detector upgrade (Phase-2):

High Granularity Calorimeter (HGCAL).
Outer Tracker.

- Physics analyses (Run-2):

—

Simultaneous constraints on QCD and BSM.

Insight into the structure of higher-order corrections.
Azimuthal correlations in Z+jet events.

Probing t-Z couplings with EFT and ML.

tZq production in final states with 3 leptons.



BRIL and Luminosity
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Luminosity Detector

Fast Beam Condition Monitor (BCM1F)

 Rebuilt for Run3, using cooled silicon T
¢ July 2021: Installation §

Sensors.

 Succesfully installed in July:
[CERN bulletin], [youtubel]

« Proven working immediately and
stably during test beams 18-31
October.
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BCM1F “C-shape” MayIJune 2021: Integration with Pixel
Assembly and testing at DESY Luminosity Telescope (at CERN)


https://home.cern/news/news/experiments/bril-luminosity-sub-detectors-prepare-cms-bright-run-3
https://www.youtube.com/watch?v=wr8m6_6ercc

CMS Online Luminosity Measurement

BCM1F: Stable Operation during Test Beams End of October
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CMS Experiment

Recommissioning for Run-3

« Stable collisions.
« Tracker, ECAL, HCAL, and BRIL are performing well.
« The CMS detector is ready for Run-3.




Phase-2 Upgrade: Overview
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Phase-2 Upgrade

Overview

LHC

EYETS Ls2 13 -14 Tev IAAE
13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation
7 TeV 8 TeV button collimators in?:aractiun inner tripl ) .
—_— R2E project regions Civil Eng. P1-P5 radiation Iinit installation
-y
to 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
peam pipes nominal Lumi _Zxnominaltemi, ALICE - LHCb _2.x nominal Lumi bz

75% nominal Lumi /_ upgrade

integrated
MRGERE 4000 fb
 Instantaneous luminosity will increase by a factor of 5-7

(up to 7.5x1034 cm-s-1),
 Pileup will increase to ~200.

 High particle multiplicity and radiation levels (among other things) dictate
the detector designs.

e DESY involved in:

- High granularity calorimeter (HGCAL).
- Outer Tracker (DESY will build one OT endcap).




Phase-2 Upgrade:
High Granularity Calorimeter

ﬁ



Endcap Calorimeter Upgrade

Active SiPM-on-Tile Read-out Modules

High Granularity Calorimeter (HGCAL)

« Offspring of future-collider targeted
R&D (CALICE).

* SiPM-on-Tile technology where
radiation permits.

e 400 m2 scintillator, 240K SiPMs.

e 600 m2silicon, 6M channels.

DESY Contribution (FTX Group)

- Development of active Tilemodules.

- Board-level electronics and automated
assembly techniques.

« Tilemodule Assembly Centre.

- Production and QC of Tilemodules for
one endcap.




HGCAL Recent Highlights

Preparing for the Production Phase

* Tile wrapping and module assembly
procedure:

- Now fully automated, wrapping 4 tiles per minute.

- Gluing with pick & place: 1 module in < 10
minutes.

- Procedure videos: [link1], [link2]

- Scaling to other formats and large series still to be | ==
done. s

* New climate chamber in e-Lab. sl —i===_ | Climate Chamber:
- Operation and characterization ° . Gain vs. Temperature
of Tilemodules at -30 °C. B

—— 2mm?* SiPMs

- Second chamber for production QC (thermo- — amm sipms
CyC|ing) ordered. -40 -30 -20 -10 @ 10 20
hQDCA_13

Temperature [ " C]
* Setting up Quality Control. |
- Scintillator tile light output QC set-up " W 1o s

commissioned. e, 21891000
- Cosmic test stand for full modules in preparation.

* Pre-series in 2022, pre-production in
2023. ! |‘

“—ITile QC setup

L |
2500 3500 4000
QDC channel


https://agenda.linearcollider.org/event/9326/contributions/48700/attachments/37085/58056/wrapper2021_sound_002.MOV
https://agenda.linearcollider.org/event/9326/contributions/48700/attachments/37085/58057/pickANDplace-DESY-08-07-2021_sound.MOV
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assembly arm
z-stage
camera y x

pickup
tool
vacuum

" pattern |
* " recognition |
s A T A

vacuum =
lines

« p;discrimination on module requires sensor to be precisely aligned during
assembly.

- Rotational misalignment below 800 prad.

« Sensor sandwich is assembled on a robotic stage.

- Relative alignment of object is measured with microscope camera and pattern
recognition




PS Module Prototyping

Built two fully functional modules within specifications. 2.6mm module mounted into test box

2.6 mm sensor spacing:
- x=10pm (=50um)

- y=53um (=100um)

- a=17urad (=800urad)

4.0 mm sensor spacing:
- X=6um (=50um)

- y=66um (=100um)

- a=200urad (=800purad)

Progress in debugging and setting up DAQ and test
software.
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Preparing for data taking in beam mid-November.
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Results from first

functional 2.6 mm PS Module

One of the first functional modules
built within the collaboration.

Module equipped with some
preliminary components.

Some hardware patches required with

respect to final versions of electronics.

Successful communication with the
different components.

Noise measurement at 300 V bias.

Higher noise is observed on left Front
End Hybrid (FEH) Strip Sensor ASIC
(SSA) and towards the DC-DC
converters.
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TEDD Integration Tooling -

Arc Frame

Local support structure in end caps is a half-disk (Dee).

Modules are as close as ~1.3 mm to the Dee edges.
- Modules are offset in phi angle between front and back side of Dees to create overlaps.
Dee with modules cannot be manually handled.

Dedicated holding structure - Arc frame - was designed for handling of Dees.

Dee will rest in its own Arc frame up to almost the last integration step.

Design has to be compatible with all integration steps.

Substantial progress in the past months - design very close to final.

Radial Fixation Front Support

Finger

Front Support
Disk to Disk Connector Finger

Back Support

LIRS A=

\\L I oy
Holding

Bracket Back Support

Arc Frame Finger

Cross Bar Arc Frame
Inner Edge Support

Dee to Dee Connector Radial Constraint




500 1

Important for thermal qualifications of

the TEDD Dees - for testing and QC

only.

The Dee is mounted on an arc frame
with a cooling manifold.

The sectors are cooled simultaneously

with a conventional cooling fluid.
Infrared (IR) camera:

- Mounted on motorized stages.
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2S insert temperatures along

e W ww one of the cooling circuits.
Profiles looks good: Profiles have Profiles have a
Flat and uniform bumps. strong slope, and

are dissimilar.

Automated extraction of features (PS c-foam temp. profiles, 2S insert temp.)
from images.

Impact of the defects on the cooling performance is being studied.

Important to establish QC procedure - ongoing.




Physics analyses
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Simultaneous constraints on QCD and BSM

SMEFT: Standard Model enhanced Effective Field Theory.

! New CMS data used in QCD+CI fit at NLO with DIS (EPJC 75 (15)12) and CMS ttbar (EPJC 80 (2020) 7)
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CMS-SMP-PAS-21-006

do/dp_[pb/GeV]

MC/Data

Insight into the structure of

higher-order corrections

For the first time measured jet multiplicity in bins of the leading jet p, & azimuthal angle

between leading jets Ag, ,

Up to seven jets are measurable.

Cross section of the four leading jets measured up to the TeV scale:
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Measurements compared to LO (MadGraph Pythia8, Herwig++)

Comparison to NLO (MADGRAPH5_MC@NLO) with Pythia8 and CASCADE3
predictions

For high jet multiplicities the lack of higher order contributions can be observed




CMS-SMP-PAS-21-003
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Z + jet measurements challenge theoretical predictions

Good agreement achieved incl. contr. of multiparton interactions, parton shower, PB




t-Z coupling modified by various BSM scenarios.

Novel approach: constrain several t-Z EFT operators
in a simultaneous analysis of ttZ, tWZ, & tZqg events:

CERNCOURIER
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* Consider up to 5 operators simultaneously
* Pioneer use of Deep Learning technigues
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tZq production in final states with 3 leptons

top-Z coupling W-Z triboson coupling

t
* EWK production — polarized top t
* Sensitive to many EFT operators w Z W 7
q > > q

First ever tZq differential measurements of top & Z observables, top-Z system, leptons

First ever measurement of top spin asymmetry (A) in tZq (proportional to polarization)

A,=0.58"0"" (stat)+0.06 (syst)

. 138Ib'1{13TeV}; e —c . § M R )
- - — = - |'"'|.""'|""|""|""|""|""|'_ s . ]
[consistent with SM prediction] 8 . 1:_ CMS Freliminary i Measurement _: & 0007E- CMS Preliminary /I Measurement 3
s %4 aMC@NLO, 4FS | = - % aMC@NLO, 4FS
. . : — 0.08[ aMC@NLO, 5Fs = 9% PT (t) + aMC@NLO, 5FS 4
* Exploit machine learning & 15 o005t 75 78.3% ]
. € .08 7 pS=64% 12 - - = 783%
techniques (DNN) s "% pgzisﬂ_a% 18 o004f } T P55 - 80.5%
5 B 5 s 3
to en.h.a.nce 3 004 72 o0 E
sensmv!ty 002f- 17 sonk % E
to tZq signal b i e
EE ES éé 5T i
i - o pup SRR S
CMS-PAS-TOP-20-010 o3 ola | = - -
a3 osk J1a|® os|- i

s = | : ' ' .

0 50 100 150 200 250

0 50 100 150 200 250 800 350 400 \
Parton level m(3¢) [GeV] Particle level pr(t) [GeV]




Summary
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- Presented some of the highlights from the DESY-CMS group.

- Refurbished BCM1F successfully installed and performing stably.
CMS is ready for Run-3.

- Significant progress in Phase-2 upgrade activities:

- HGCAL: tile wrapping, module assembly and QC.

 Outer Tracker: PS module assembly and prototyping;
TEDD integration tooling and infrared measurements.

- Recent physics analysis results:
 Simultaneous constraints on QCD and BSM.
* Insight into the structure of higher-order corrections.
« Azimuthal correlations in Z+jet events.
* Probing t-Z couplings with EFT and ML.
 tZq production in final states with 3 leptons.
« Many more exciting activities for Run-2, Run-3 and Phase-2 are ongoing.

Thank you! a
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SSA Front-End Hybrid (FEH)
o Strip Sensor ASIC (SSA)

» Concentrator Integrated Circuit (CIC)
* Handles signal from strip sensor
* Transfers data to pixel chip

Read-Out Hybrid (ROH)

» Low-power Gigabit Transceiver
(InGBT)

* VTRx+ optical module

g * Transmits data over optical fibre

Power Hybrid (POH) &
« DC-DC converter .
» Used for module power

__~Silicon Strip Sensor
_»+ 10x5 cm Silicon Strip Sensor
e 2.5 cm long strips, 100 um pitch

e
=

HV tail —>%__
AIN spacers

Carbon Foam (CF)
baseplate

» Macro Pixel ASIC (MPA)

» Macro Pixel Silicon sensor 1400 x 100 um

* Correlates signal from both sensors
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Measurement and QCD analysis of

double-differential inclusive jet cross sections

CMS-PAS-SMP-20-011: [link]
Jet production cross section can be sensitive to contributions from new physics.

Contact interactions

SO GRS S b

Q 47
Opp—jet + X = Z Jixps pp) f;'(xb Hr) @ ﬂffj—*jff(xh Xy, A (fpR), ﬂ—a H_) LomerT = Lsm + A2 Z cnOn

.. R F n

if f(x, p): PDF Tree-level x-sec Type of CT o . .

(parton density function) SM+BSM Purely left-handed: free 0 0
‘E'II:’IT SEtfa;ndard Mofldel " Vector-like: free 2¢;

: ective Field Theory a1 Tilea- _ 9.

SMEFT: EFT-improved SM Axial-vector-like: free 2¢1

Contact interactions (Cl) can appear as deviations from SM at low rapidity (y) and
high p;.

However, such deviations can get absorbed into the parton density function (PDF)
fits.

To avoid this: fit the PDF and Cl couplings simultaneously.



https://cds.cern.ch/record/2776732/

Measurement and QCD analysis of

double-differential inclusive jet cross sections
Analysis strategy and results [1]

General PDF parametrization

+ Impact of the CMS data on global PDF sets: xf(x) = AfIBf(] X1+ Dpx + Efxz)
- Profiling procedure. , Ni (7P + B IRPEP — ot — 1 T?Eb}shf (PR 4 Y2
X = + bzx -+ bY
- Extract the nuisance param. values that i=1 A w 7l
inimi 2 + bth(min) _f x . —
minimize Xz b fo = fo+ Y b fg —fg bth(min)fﬁ s Zfﬂ)
- PDF profiling performed using: p ’ 2 cn.fSP fimi ’
CT14 NLO and NNLO PDF sets. Original Zentral PDF om

dxglxg

CMS Preliminary 1.05[- 4% CT14nnlo

- Gluon PDF uncertainty is * NN et CTHannlo-profiled
significantly reduced. o M7 s
) _ _ _ 1002— +0.0007 (scale)
- Impact on agusing CMS inclusive jet xsec: )

NNLO

Consistent with global avg. 9°:

85

- Can also profile non-PDF quantities like:
top mass (m,), Cl Wilson coeff. (c,). ”

70 0.95|

« m,=170.3 = 0.5(fit) + 0.2(scale) GeV P e eme eve o o) T T TS

CMS Preliminary

Consistent with CMS-TOP-18-004. Fo-
A=10 TeV
« Cl Wilson coeff. (c;) values consistent with SM. S

I H L4 Vector-like

. NNLO jets

L] Left-handed

Fit+scale unc.

* [not shown] Impact at NLO based on — *
HERA DIS (Deep Inelastic Scattering) measurements. d |

-  HERA+CMS PDF uncertainties significantly reduced F i
compared to HERA-only. —_—

| NLO+NLL jets + NLO top



https://arxiv.org/abs/1904.05237

Measurement and QCD analysis of

double-differential inclusive jet cross sections
Analysis strategy and results [2]

« SMEFT interpretation at NLO:
ag = (.1188 £ 0.0017(fit) £ 0.0022(model and param.)

- Simultaneous extraction of PDFs, ag, SM fit _
mP™" = 170.4 4+ 0.6(fit) 4 0.1(model and param.) GeV.

m,, and the Cl Wilson coefficient c;.

- Perform (i) SM on|y fit (ii) SMEFT fit. SMEFT fit “= 0.1187 £ 0.0016(fit) £ 0.0030(model and param.)

pole .
. Resulting PDFs with both fits are my = 170.4 = 0.6(fit) £ 0.3(model and param.) GeV.

consistent.
CMS Preliminary

° g and mt Values for bOth ﬁtS are 95% cl Fit+model+param. unc.
consistent. 68% cl Fit+model+param. unc.
A=50TeV 68% cl Fit unc. only
- SMEFT fit: Axial-vector-like ——e—— 190
Vector-like ——  1.9c
) . Left-handed ® 20
« Smaller uncertainties w.r.t. the A =20TeV |
profiling method. xilveon ke e l©
. . Left-handed & ' 20
* C; values are consistent with SM.  |A =13 TeV 5
Axial-vector-like —— ' 20
Vector-like ——— 190
Left-handed ———— 20
A=10TeV §
Axial-vector-like ——g———— 1.9
Vector-like —e— ' 1.9
Left-handed — ' 20
A=5TeV }
Axial-vector-like —— 20
Vector-like —e— 1.9
Left-handed —— ' 20

| 1 | | | | 1 | | | | | | | | | | | 1 | | | i 1 | | | ‘ 1 1
20.002 -0.0015 -0.001 —0.0005 0 0.0005
C; /A



Probing EFT operators in the associated

production of top quarks with a Z boson

CMS-TOP-21-001: arXiv 2107.13896 Wilson coefficients < interaction strengths
(submitted to JHEP) \\\d

- (& Higher-order
Featured in the CERN Courier (Sep/Oct 2021): ;ﬁEFT = Lom + Z A4 Oli operators

Learning to detect new top-quark interactions ‘“\

No BSM particles observed at the LHC: BSM energy scale (> Euud
possible that E;q>>E . o

Effective Field Theory (EFT) - low energy ’ \é MZ
approximation of a theory characterized by a | I . r

large energy scale (A). b W

EFT allows for a model independent b z
interpretation of potential deviations from the
SM prediction. , :

. . . . .+ Focus on a subset of 5 operators:
Several BSM theories predict sizable modification P

of the t-t-Z coupling. - Oy, Oy : induce electroweak dipole
moment of the top quark.

This coupling can be probed using ttZ, tZq, and _
- 03,4 : left-handed SU(2) triplet current

tWZ processes.

operator.
Use novel Machine Learning techniques to ~ O-4q, Oy, : Neutral current operators
improve sensitivity to the Wilson coefficients that mgdify the ttZ coupling for left.and

(WCs). right handed top quarks, respect;



https://arxiv.org/abs/2107.13896
https://home.cern/resources/courier/physics/cern-courier-sepoct-2021

Probing EFT operators in the associated

production of top quarks with a Z boson
Analysis strategy

e Searchin3 |epton (31) and 4 |epton (41) final _Selection requirement SR-3/ SR-ttZ-4f WZCR ZZCR
Lepton multiplicity =3 =4 =3 =4
states. g — it _ — >15GeV  —
 Main genuine lepton bkg. from WZ and ZZ IZbOSS-Jn C?ndidafes multiplicity i ;1) =1 =2
. et multiplicity = = — —
pro_cesses. ) . ) b jet multiplicity >1 =1 =0 —
define control regions (CRs) to use in the fit. ,ms _ — S50GeV  —
« Data-driven estimation of the mis-ID Ieptons - e T S S
Invert lepton isolation/ID. Sooof CMS 7 posliza wzhz | 5 o CMS fure fomalba w2l | Biopl CMS i fomelize wizfz .
%, sriz [ [wz Jevewy ey O neL %, SRt yix owz even By neL %g SR-Other |y wz lvvivy .'XT NPL
& 150 & | &

e Train 2 neural networks (NNs):

-  NN-SM: separate tZq and ttZ signal
from backgrounds (WZ, ZZ, ttX, VVV). L.

. . I Sy S R = e o
e Each Category IS CIUIte pure. §E 1E’ﬂﬁrt*ﬂwf?ﬁfwa&ffmi#ﬂ*mfwﬁgmmms §l§ 1‘a‘a#frfﬂi‘frff##ffﬂfﬁ’biﬁr‘gﬁﬁi m.r;m;*m’# EE A ﬂff ;FWMMI#JW&%’W!
- NN-EFT (binary): separate between R R e R B R T 1234586780910
. NN-SM output (tiZ node) NN-SM output (tZq node) NN-SM output (Others node)
SM hypOtheSIS and EFT. 138 b (13 TeV) 138 fo' (13 TeV)
. . . 5 CMS Zurc. tpata flizg  twz iz %103:_(:M5 Zunc. {pata iz wzfliz _
« 8 NNs trained, targeting different 210 ez T vz B B Tnecd 8 F ST F Tz e B e
signal scenarios. i i

'L

 Sampled uniformly over a range of
the WC values - NN learns to
interpolate between WC values.

%Jg
B

« Last bins highly sensitive to EFT. i [] |

1K

=1.5 —3 —tiZ - -Total prediction wi
4 =

%]

EC, A2[Tevd]

F=15 —3—1Zq --Total prediction E
2 3 4 5 6 7 8

NN-C ,-iZ output NN-C-tZq output




Probing EFT operators in the associated

production of top quarks with a Z boson

Results
: ReSUItS are eXtraCted from a § " —_— Proflle Iog I|kel|h;>c;d (Ss:;r\(rzﬂ:ew: gﬂ? A A Proﬁle Iog I|kel|hlooc; (sz:;n(/:;ew:
simultaneous fit to data in 6 = :ETCMS Profile log-likelihood (Expected) | & 12,_CMS Profile log-likelihood (Expected) 1
. . g 16F I 68% CL [-0.28, 0.29)] 1 9 '6F I 68% CL [-0.45, 0.38] E
categories (4 signal and 2 bkg). T o1af I 95% CL [-0.52, 0.52] 39 1af I 95% CL [-0.76, 0.71] E
12F = 12F =
« 1D fit: Values of other WCs set to the ‘Z;: E 12;: E
SM value of 0. oF E oF E
T N AN = 1 S N AN =
« 5D fit: All WCs fitted simulataneously. 2 Cd % A
R Ry 0 05 i 05505 0 05 1 15
« 2D scans for the most correlated WCs. Cow/A° [TeV] Cip/A* [TeV?]
WC/A® 95% CL confidence intervals
. . [TeV—7] Other WCs fixed to SM 5D fit
Results a_re consistent SM Expected Observed Expected Observed
expectations. ciz [—0.97,096] [—0.76,0.71] [-1.24,1.17]  [-0.85,0.76]
Cow [-0.76,074] [-0.52,0.52] [-0.96,093]  [—0.69,0.70]
. . . e O [-1.39,1.25] [-1.10,1.41] [-1.91,1.36]  [—1.26,1.43]
° U
First application of NNs for a global fit S (286,233 [-300.229] (6061409 [7.09,1476]
of EFT. Cot [-3.70,371] [-21.65,—14.61]|J[—2.06,2.69] [—16.18,10.46] [—19.15,10.34]

« Some of the limits (e.g. c,y)

are the best experimental
measurements till date.

~2AIn(¥)

- -15 -1 =05 0 05 1 15 IU_ 15 20
C /A% [TeV?) CoalA® [TeV?) N




Azimuthal correlations in Z+jets events

« CMS-PAS-SMP-21-003: [link]

e Z bosons are a standard candle at the LHC:
can be measured very precisely in the leptonic channel.

e QCD corrections play an important role at non-zero p+(2Z).
« At small p,(2):
- Jet production is the dominant process.

- The Z boson appears as an electroweak (EW) correctionq q
- Soft gluon radiation is important. W Z
At high p.(2): . > .
9 g

- Z+1jet production is the dominant process.
- QCD contribution to this process can be measured via associated jet production.

« Particularly interesting for the newly developed
Parton Branching (PB) transverse momentum dependent (TMD) parton densities.
Advantage: PB-TMD parton shower parameters fixed by PB-TMD parton densities.

Compare measurements with different calculations.

Fixed-order perturbative

QCD calculation at NLO generator PDF matrix element tune
\MGS_AMC+PY8 (< 2j NLO) [33] NNPDE 3.0 (NLO) [37] NLO (2 - Z+0,1,2) CUETP8M1 [35]

With PB TMD VMGSAMC+CA3 (Z+1)NLO[33] PB-NLO-set2 (NLO)[19] NLO (2 —+Z+1) -
MG5AMC+CA3 (Z +2) NLO[33] PB-NLO-set2 (NLO) [19] NLO (2 -+ Z +2) -
GENEVA NNLO [21-24] NNPDF 3.1 (NLO) [39] NNLO (2 — Z) CUETP8M1

S



https://cds.cern.ch/record/2777194?ln=en

Azimuthal correlations in Z+jets events

Analysis strategy

« Select events with either 2 opposite signh electrons or muons.
« Veto events with any extra lepton.
 Electrons/muons required to satisfy certain isolation/identification criteria.

« Measure the following in different p.(Z) bins: n,,,, A@(Z, jet,), Ap(jet,, jet,).
@: azimuthal angle; jet,/jet,: jets with the highest/second-highest p;.

 Unfold the distributions using iterative D’'Agostini method:

- Corrects for detector effects: reconstructed (measured) x-sec — Particle level x-sec.

36.3fb™ (13 Tev) 36.3fb™ (13 Tev)
T T

ﬂ | T T T T T T 7T ﬂ | T T T T T T T I%

S 10° ¢ pu Data - |5 ¢+ eeData E

5 cMs oo E g = CMs Zy >

* 408 Preliminary Wt - « 10 Preliminary | tt 3
. E |V

| Single top _; 10" | Single top é
w E w 3

< Table 2: Phase space of the measurement at particle level.

7 selection cut
4 electron: leading (subleading) pr > 25(20) GeV |[y,| < 2.4
1 muon: leading (subleading)  py > 25(20) GeV |y, | < 2.4

1022— 10°E
g i lepton-jet isolation AR, =04
105 10 Lj
E S , oy 76 < myp - < 106 GeV
8 8 1 i 1 jet pr = 30 GeV 10| < 2.4
S L . — i _§ £ - " L) ] )
g 08 ettt LT 2 0 sttty it L
£ ! £ A T
®» J ®»

10? ? 10?



Azimuthal correlations in Z+jets events

Compact Muon Solenoid

Results

« Upper row colors: Ag(Z, jet.)
- MG5 aMC+PYS8 P,(Z)<10 GeV 30<p.(Z)<10 GeV p,(Z)>10 GeV

=
- MG5 aMC + PY8 [nO mUItl pa rton o ®3B(13TeV) | 5 o ®3IB(13TeV) | 5 o 30317 (13TeV) | 2 weasuamen
- & [ CMS 2 10° CMS g S 10° CMS
i nt e r a cti o n S ( M PI ) ] % Prefiminary —©— MG5_aMC + PY8 (< 2 NLO) MPI % ; Prefiminary —©— MG5_aMC + PY8 (< 2 NLO) MPI % E preliminary —6— MG5_aMC + PY8 (< 2 NLO) MPI
< L 8 MG5_aMC + PY8 (< 2j NLO) noMPI Py 8 MG5_aMC + PY8 (< 2j NLO) noMPI = - 8 MG5_aMC + PY8 (< 2j NLO) noMPI
§ [ 2 $ wl e,
s >30GeV, |y < © 10*E antik; (R=04)jets ) F P >30GeV <2
- Lower row colors: s P R N
7 FPr » L
pZ <10 GeV - :e;ei' 10 pZ > 100 GeV —-—
1 ‘ [ 30<p?<s0Gev == E +-Q-
- MG5 aMC+CA3 (Z+1) op 7" - g o
- ; —.— 15— ——
- MG5 aMC+CA3 (Z+2) ’ i
- GENEVA NNLO 5.1 5. i
B304 B3 od 8204
S 0.2 Stat [l © theo []® PDF @ o, unc. S 0.2 Stat [l © theo []® PDF @ o, unc. = 0.2 Stat [l ® theo []® PDF @ o unc.
o5 12E |5 12E g 12
Sle Slg = Sle
[ ] MPI t b t g ﬁ tly th 12 02 Stat [ ® the I‘ 1€ 02 Stat [ ® the %12 02 Stat W6 th .
C o n rl u - es S I n I c a n I n e 0 a0[.5 eo1unC 1.5 2 25 A¢3 0 a0[.5 eo1unC 1.5 2 25 A¢3 0 ‘2.5 ‘ so1unc 15 2 25 A¢3
I ow pT( Z ) reg I o n S . 2ot 2ot 2ot
H H . 363" (13 TeV) | 7% Measuement . 363" (13 TeV) |5 Measurement — 363 fb™ (13 TeV) | 7% Messuement
M PI becomes neg I Ig I ble for i CMS < D/MGﬁ,EMCfCM(ZﬂNLOi‘12 ‘é N cMs < D/M657RMC4CA31Z71NLO)'1Z i 37 cMs < D/MG573MC9CA3(ijNLO)'12
§ I Preliminary —— MG5_aMC + CA3 (Z+j NLO) * 1.2 i 10° E Preliminary —>— MG5_aMC + CA3 (Z+ NLO) * 1.2 § 10 ? Preliminary —— MG5_aMC + CA3 (Z+jj NLO) * 1.2
pT( Z ) > 1 0 0 G ev- g'\i L ik, R=0.4) Je! GE + PY8 (NNLL' +NNLO,) g'{ ; T GE + PY8 (NNLL'+NNLOy) <elN- R :_ aniky R=04) IE! GE + PY8 (NNLL' +NNLO,)
- § P > 306wl <24 %W E 107 anivks (R=04)jis ¥ E 10 Eof>s0cev. <24 -
, 771 E p">306ev,ly"|<24 r .
« MG5_aMC+PY8 describes the = I e uf e -
— E e F E
- B 5555555 505555555555— 07,-, * o0 0L 30 < pZ <50 GeV —— F ==
measurements within scale — i : ==
L E —— 1=
= = L = r —a— E ==
uncertainties. - — =
T 1 T T T | I E T T T 1
2| 2 £ -
« MG5 aMC+CA3 (PB TMD) g;g‘% - e 85*:::@:9& g;gMﬁ
- /S 0.4 &|8 0. &8 0.4
0.2 0. 0.2
remarkably close to measurement. o o s
S i S s 1
N.B. No MPI and and free | M———— i 7 = e B
. sg 82 alg §: &g 82
parameters for parton shower here. g gE o %
LT L LT
%2 025 mmsiat m theo unc 2 02F mmstat m© theo une %2 025 mmsiat m theo unc
0 05 1 15 2 25 3 0 0.5 1 15 2 25 3 0 05 1 15 2 25 3
Ao, A, A9,

Z.Jett Z.Jett Z.Jett
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