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Perturbative order of PDFs in the MC generators

Nowadays, many MC predictions based on However:

* NLO + PS, e.g. MC@NLO or POWHEG * The MPI ME included only at LO
* NNLO + PS, e.g. NNLOPS * The PS uses LO splitting functions
(N)NLO PDFS LO PDFS
Pythia8 Herwig?7 Sherpa
The LO PDFs are recommended NLO PDFs for ME+PS Uses the NNLO PDFs

(low-x & low-scale behavior LO PDFs for MP!I in the default tune

better under control)

s
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LO or (N)NLO PDFs for Pythia8 tune?

NNPDF 3.1 PDFs - gluon

—250
.."Df’ - X= 10_6
> - mmLO ag =0.130

based on NNPDF2.3 LO [ - NLO 03 =0.118

® The CMS 7TeV tunes (like CUETP8M1)

200 —  NNLO ag =0.118
(Tune::pp = 18) F
* |n 2018 with 13 TeV data available the 150 — The (N)NLO PDFs
LO, NLO & NNLO NNPDF 3.1 tested for - smaller at low-X
tuning (arXiv:1903.12179) 100 [
CP1-2: LO PDF, a (LO) =0.130 ol
CP3: NLO PDF, a (NLO) = 0.118 : y
CP4-5: NNLO PDF, o (NLO) = 0.118 - =
In the NNPDF 3.1 no constraint on PDF positivity 1 j | o
— Even LO PDF is sometimes negative 1 2 3 4 5 6 7 8 910

NNPDF3.1sx NNLO+NLLx should give stable low-x behavior, JHEP 1901 (2019) 217
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The UE tune dependence in tt

Phys.Rev. D95 (2017) no.9, 092001

Higher jet multiplicities strongly affected Jet multiplicity in tf events, /s = 13TeV

e ﬂ_ﬁ HEL | 1 1 I 1 | 1 I 1 I | I I I I | I 1 I 1 | 1]

by the PS & MPI parameters e —'— POWHEG+PYTHIAS CUETP8M1
S o5k —— POWHEG+PYTHIAS CP2 =

S TPt — — POWHEG+PYTHIAS CPy4 ]

5 B POWHEG+PYTHIAS CP5 B

—_ - —e— (M5 Data .

) C ]

= o3 : -

v obi e LT e

:I I | I I | 1T T 1 | [ I | 1T T 1 | I I:

816 —

S E ——

UE Measurements to constrain 9) = =
these parameters E ﬂ-'ﬂ' E_l_ 1 1 II ] 1 1 ] 1 ] ] ] ] ] | ] 1 ] 1 | 1 —IE

3 4
additional jets

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik page 5



Measurement of the UE activity PTmax Direction

e UE activity studied as a function of p_.
of the leading particle

® 4 regions in the A® variable:
— Toward: A® < 60°
— Transverse: 60° < AP < 120°
(divided into TransMIN & TransMAX
according the activity)
— Away: AD > 120° . *TransMIN”

“Toward-Side” Jet

Ad

“Toward”

Jet #3
Observables 5

® Average Charged Particle Multiplicity
per event and per unit of n, ®

e Average p, sum
per event and per unit of n, ®

“Away-Side” Jet
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The older 7 TeV tunes vs 13 TeV data

The older CMS
tune CUETP8M1

(Eur. Phys. J. C (2016) 76 :155)
tends to

underestimate the
energy flow in the
transverse region

Need for new UE
tunes with 13 TeV
data
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The new 13TeV tunes: What is fixed?

® The 13 TeV tunes based on the Monash Pythia8 tune
(Eur.Phys.J. C74 (2014) no.8, 3024 )

®* The tunes differ In:

—~ The PDF order
- The ag order & value for ISR, FSR, MPI, ME

— The ISR rapidity ordering

arXiv:1903.12179

PYTHIAS parameter CP1 CP2 CP3 CP4 CP5

PDF Set NNPDF3.1 LO NNPDF3.1 LO NNPDF3.1 NLO NNPDF3.1 NNLO NNPDF3.1 NNLO
ag(mz) 0.130 0.130 0.118 0.118 0.118
SpaceShower:rapidityOrder off off off off on
MultipartonInteractions:EcmRef [GeV] 7000 7000 7000 7000 7000
aS®(mz) value/order 0.1365/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
afSR (1) value/order 0.1365/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
aMPl(1my) value/order 0.130/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
xxlg'lE(mz) value/order 0.130/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO

Effort to have consistent o  value and order (CP3, CP4, CP5)
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The new 13TeV tunes: What is tuned?

Parameter description Name in PYTHIAS Range considered
MPI threshold [GeV], pTORef, at /s = /5o MultipartonInteractions:pTORef 1.0-3.0
Exponent of NG dependence, € MultipartonInteractions:ecmPow 0.0-0.3
Matter fraction contained in the core MultipartonInteractions:coreFraction 0.1-0.95
Radius of the core MultipartonInteractions:coreRadius 0.1-0.8
Range of color reconnection probability ColorReconnection:range 1.0-9.0

Inclusive parton-parton cross section > o

inel

o doh) [ dr el sty
dpr P dpr (p% + pag)?

Lower p., — More MPI interactions
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The new 13TeV tunes: What is tuned?

Parameter description Name in PYTHIAS8 Range considered
MPI threshold [GeV], pTORef, at /s = /5o MultipartonInteractions:pTORef 1.0-3.0
Exponent of /s dependence, € MultipartonInteractions:ecmPow 0.0-0.3
Matter fraction contained in the core MultipartonInteractions:coreFraction 0.1-0.95
Radius of the core MultipartonInteractions:coreRadius 0.1-0.8
Range of color reconnection probability ColorReconnection:range 1.0-9.0
0.12
The double Gaussian matter distribution : CP5
- Fraction of the inner Gaussian an cp = 0.63
- Inner / outer width , 006 cr = 0.76
_22 [cF] ;
p(r) < (1 —cp)e™ 2 +e ooef-
CR 0.04:—
Overlap function: :
002~ /T
o) x [t [ d*sple,y, ) pla+by,z+1)

Double Gaussian enhances the event by event fluctuations in the particle multiplicity
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The new 13TeV tunes: What is tuned?

Parameter description Name in PYTHIAS Range considered
MPI threshold [GeV], pTORef, at /s = /5o MultipartonInteractions:pTORef 1.0-3.0
Exponent of /s dependence, € MultipartonInteractions:ecmPow 0.0-0.3
Matter fraction contained in the core MultipartonInteractions:coreFraction 0.1-0.95
Radius of the core MultipartonInteractions:coreRadius 0.1-0.8
Range of color reconnection probability I ColorReconnection:range 1.0-9.0 I

The probabillity to reconnect the color

lines of two MPI 2 - 2 interactions
rech 2 Smaller range
(pTO)

P+ (PF5)? orobability

rec | g I

pr\J
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he new 13TeV tunes: On which data?

TransMIN-NCh

TransMIN-p_>4™
TransMAX-N_ ~ TransMAX-p_Sm

o) AN, S iy dip

(1/ N

MC /Data

o) AN, /iy dp

13 TeV

TransMIN charged-particle density,

TransMIN charged p

S density, o

for 1.96 TeV, 7 TeV, 13 TeV
(12 distributions)

—

Be

e

o ——Cr1
—— CP2
—— CMS Data

A [GeV]

b

Ay

— CP2
—— M5 Data

L T e e Il e IR

14 3 Eas —
1 ey i g
09 _Lﬁ]—‘ 4 Ui e
o8 P ‘H‘J =
| | | | o8 | | | | '
5 10 20 5 0 1 20
F’I“'“[GCV] Plln.u[(;e\.r]
TransMAX charged-particle density, /F = 13 TeV TransMAX charged p5*™ density, /% = 13 TeV
T T T T _E ? o T T T T E
T .

. CP1
— CP2
—— CMS Data

Fllu‘.u[(;e\‘!]

20
PENGeV]

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik

7 TeV

TransMIN charged-particle density, /5 = 7 TeV

1.96 TeV

TransMIN charged-particle density, /5 = 1.96 TeV

TransMIN charged pi"™ density, /5 = 7 TeV TransMIN charged p3™ density, /5 = 1.96 TeV
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The new 13TeV tunes: Result of tuning

* All tune variagts have Professor based tuning
reasonable x / dof 1) Randomly select ~100 points in the parameter
® The (N)NLO tunes tend to space and generate corresponding MC samples
2) Calculate chi2 for each sample and interpolate
have lower p._ Ref ) -hi2 for P P
T0 by parabolic function
(to balance lower PDFS) — minimum Eur.Phys.J. C65 (2010) 331-357
PYTHIAS parameter CP1 CPr2 CP3 CP4 CP5
PDF Set NNPDF3.1LO NNPDF3.1LO NNPDF3.1NLO NNPDF3.1 NNLO NNPDE3.1 NNLO
ws (mz) 0.130 0.130 0.118 0.118 0.118
SpaceShower:rapidityOrder off off off off on
Multipartonlnteractions:EcmRef [GeV] 7000 7000 7000 7000 7000
a®(mz) value/order 0.1365/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
ab5®(mz) value/order 0.1365/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
ag" (mz) value/order 0.130/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118/NLO
x5 (my) value/order 0.130/LO 0.130/LO 0.118/NLO 0.118/NLO 0.118 /NLO
MultipartonlInteractions:pTORef [GeV] 2.4

MultipartonInteractions:ecmPow 0.15 0.14 0.02 0.02 0.03
MultipartonInteractions:coreRadius 0.54 (.38 0.54 0.60 0.76
MultipartonInteractions:coreFraction 0.68 0.33 0.39 0.30 0.63
ColorReconnection:range 2.63 2.52 4.73 5.61 5.18
x*/dof 0.89 0.54 0.76 0.80 1.04
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Performance of the new tunes — LO vs (N)NLO

TransMIN charged-particle density, /5 = 13 TeV TransMIN charged-particle density, /5 = 13 TeV
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Performance of the new tunes - Energy dependence

TransMIN charged-particle density, /5 = 1.96 TeV
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Performance of the new tunes - jet multiplicities in tt

For POWHEG predictions the higher jet For MC@NLO predictions all tunes
multiplicities mostly overestimated, only give similar performance
CP5 with rap-ordering gives correct rate

POWHEG (0-jets NLO) MC@NLO (2-jets NLO)

Jet multiplicity in tt events, /5 = 13 TeV Jet multiplicity in tf events, /s = 13TeV
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Performance of the new tunes - MB

® Charged hadron multiplicity for OT data

®* The data description similar for LO & (N)NLO

tunes, the CP5 performs slightly better

dNa, /dy
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Double Parton Scattering —

® Two partonic interactions at

= P
the comparable scales \@
®* Ocff defined as:
def OAORB
,DPS & o
Ueff p

A=B m=1/2
A4B  m=1 I
- double-parton

DPS factorization formula: -~ PDF__~
dopps o
dzadzrpdr’ da’y

=MmOoA0R /dyF(anx37Y) F(2y, 2, y)

it Floaany) = foaf@n)Gly) T Vow = [ E¥6()
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Double Parton Scatering at CMS

* At CMS, the DPS studied In
several final states

®* The 4j, 2J)2b & same sign W
discussed

Processl

Energy

7 TeV W P+
7Tev V+) j+]

8 TeV T Y

13 TeV W W
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Process?

Experiment (energy, final state, year)

Phys.Lett. B790 (2019) 595-614

ATLAS
AFS (/s =63 GeV, 4 jets, 1986) °
UA2 (/s =630 GeV, 4 jets, 1991)
CDF (/s = 1.8 TeV, 4 jets, 1993)
CDF (/s = 1.8 TeV, v+ 3 jets, 1997)
DO (/s = 1.96 TeV, v+ 3 jets, 2010)
LHCb (/s =7 TeV, J/yAL, 2012)
LHCb (/s =7 TeV, J/yDt, 2012)
LHCb (/s =7 TeV, J/¢D+, 2012)
LHCb (/s =7 TeV, J/4D?, 2012)
ATLAS (/s =7 TeV, W+ 2 jets, 2013)
CMS (/s =7 TeV, W+ 2 jets, 2014)
D@ (/s =1.96 TeV, v+ b/c + 2 jets, 2014)
DO (1/s =1.96 TeV, v+ 3 jets, 2014)

DO (/s = 1.96 TeV, J /1 + J /1), 2014) —m—
ATLAS (/s =8 TeV, Z + I/, 2015) -

LHCb (/s = 7&8 TeV, T(1S)D% T, 2015)

DO (/5 =1.96 TeV, J/¢) + T, 2016) W
DO (1/s =1.96 TeV, 2v+ 2 jets, 2016)

ATLAS (/s =T TeV, 4 jets, 2016)

ATLAS (/s =8 TeV, J/4 + J /1, 2017) Hoa-H
CMS (/s =8 TeV, T+ T, 2017) —
LHCb (/s = 13 TeV, J/¢ + J /¢, 2017) gunen

CMS (/s =8 TeV, WEW=, 2018)

ATLAS (/s =8 TeV, 4 leptons, 2018) e

10 15 20 25 30
G, [mb]

page 19



DPS In jet production (7 TeV) AS — arccos P11 " P12

®* The amount of ‘ﬁT,l ‘ ‘ﬁT,Z‘
DPS measured

by the tuning 2] (2)) agé = 21.3717 2j (2b) o 23% = 25.2753

methOd Normalized AS in pp— 4j in || < 4.7 at /5 = 7 TeV Normalized AS in pp— 2b+2j+X in || < 4.7 at /s =7 TeV
(MPI_SenSitiVe 'jg‘ _I LI | LI | T 11 | T T 1 | LI | T T T T E T | T T 7T | T | T | — T | T | I_
parameters 2 i —e— CMS data e e CMS data — _
T S [——_corsirssiaty] ‘
tuned foreach = | — 154 1 5 f —T%C :
E - —— P8 4C MPI off - . E i P8 4C MPI off = i
Process = 1 ' | =L S ]
independently) = f P E e
L, 1278 > 50 GeV | - 1 ) j
;.;-—'_I— ;l—li j t1a2737 —
e The f_, related . Pr>20GeV e Y > 20GeV
g BT T B S e e
to the matter 5 12| Phys.Rev. D89 (2014) no.9, 092010 I 1_2 = Phys.Rev. D94 (2016) no.11, 112005 -

1 . 1 E 1 r— . [—3 = u |—|
profleandp,, o F—— . — 1 3 ' |
= 08 Z_'_|—|_|_|_.—'_'—‘ i = 08 :_—I——IL =
O-ine]' 0‘6 :_I 1 1 | | 1 1 1 | | I | | I | | | - | 1 1 1 | | _; (]'6 E_ | I—'—I | | | | —
O— — o o. R L 5 N I - L1 1Ll L L1 1 [ I | L1 1 | [
eﬁ. 5 5 5 . 3 0 0.5 1 1.5 2 2.5 3

f EH A5 (rad) AS (rad)

Gunnellini, Paolo, DOI: 10.1007/978-3-319-22213-4
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DPS In jet production (7 TeV)

P11 P12

AS = arccos

* New CMS tunes

: : - 45 1.2 272b
provide slightly 2j (2)) o =21.37¢ 2j (2b) o217 = 25. 2755
worse descrlptlon Normalized AS in pp— 4j in || < 4.7, /5 =7 TeV Normalized AS in pp— 2b+2]+X Vs =7TeV
C )
of the AS 4 . CUETP8M1 e 3 . CUETP8M1 e
- |- R ~
®O_ consistent = F T cps N = e .
. . ,"‘3 —« CMS Data P ..:ti —« CMS Data
within unc. = = = =
— . _+_'E+:
10— == N _+_E_ =
Vs=7TeV /s =13TeV 5 e FE | + e
Oefi [mb] et [mb] b= — —
CPl 26'31_%3 278—{—_%i :I L1 1 | L L1 1 | L1 1 1 L1 11 L 11 1 L1 1 1 ] ot 11| | L 111 L1 11 | L L1 1 | L1 11 | L1 1 1 | ]
crP2 247110 26071 g“F g | | s
: : == = 10E | = =
CP3 241110 25219 8 E it o Soob |l T E===r
1 13 B S SO R | =2
CP4 239110 2531 oy BRI ERIRSS e N1 - e
Ccp5  24.0110 253110 s = S e =t
_16 _13 :IIII|IIII|IIII|IIII|IIII|IIII|I .EIIII|IIII|IIII|IIII|IIII|IIII|I
s} 0.5 1 1.5 2 2.5 ,&S o 0.5 1 1.5 2 2.5 ,&S

arXiv:1903.12179
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DPS in same sign WW production (13 TeV)
DPS Production (signal) SPS Production (BG)

CMS-PAS-FSQ-16-009
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DPS WW - Event selection

® Selection
— veto on jets
- tighter veto on b-jets (typically from ME)

® Inclusively produced W tends to
have small p. (=small jet recoil)

W Pt spectrum

two leptons: e*u® or uTu* R | |
pg_,l > 25 GeV , pg_,z > 20 GeV ; 003:_ _____ U ,..++ ________________________ ________ Mean 10.56 = 0.01145 | ..
1l < 25, || < 24 e s i e o
E%ﬁSS > 15 GeV % 002_ ___________________ ______________________ ________________________ _______________________ _______________________
Mets < 2 (pT > 30 GEV) Té0015f_ _______ ++-__._ _____ ........................ _______________________ _______________________
o - T
Nb-jets — 0 (pT > 25 GeV) < 001:_ ________________________ ..... Tf‘.'.'re-.....;___ ..... _______________________ _______________________
veto on additional leptons : g
. 0005____ ________________________ ........................ _______________________ "'-—;..______'_
veto on hadronic 7 lepton decays I S e S T e

W Pt [GeV]

https://www2.physics.ox.ac.uk/sites/default/files/2012-03-27/w_mass_oxford_pdf 81806.pdf
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DPS WW - Event classification

®* BDT constructed from 11 kinematic variables
® Crucial is the BG from W+Z production
* Fakes = missidentified leptons, mostly multi-jet + W+jet

p, of the leading lepton Azimuthal angle between Il & 12

CMS Preliminary 359fh7" (13 TeV) CMS Preliminary 3591 (13 TeV)
L] S I I I I I I I L N = B B L LA =
S E -+-Data S r -»-Data ]
e F mWDPS ° L mDPS .
350 250 — —
: Wrare MC LR Mrare MC ]
300 m77 i + e ]
s .WZ* 200__ -WZ* ]
250E EWy %+ EWy .
- [1Fakes Fakes .
200 150 +H -
150F- =
505 100
100~ =
50F- =
0:, T T N P ey
-8 1.5 Bstat. Ibktg. une. I|:|lolalbkgl. une. -
o | 4
S 10 &+ - T
© - +=
(] i . . . . ‘ . . ] a - B
20 30 40 50 60 70 80 90 100 0.6+ ! y : ' L L
2
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DPS WW - Event classification

®* The expected and observed event yields for 2016 data (35.9 fb)
®* The DPS cross section for leptons with positive charge enhanced

TR TR T et e i
fakes 151.1 £ 26.6 1327 +234 412.74+472 341.4+ 39.0
WZ 2772 4+ 281 16454+ 16.7 3559 +36.1 228.1 4232
77 248 +7.0 18.7 5.3 57.8 + 16.4 55.8 + 15.8
Wy 859 +275 73.14+234 1428 +45.7 1277 +409
other rare 39.7 +£15.0 202477 83.7 £31.7 494 + 18.8
charge flips — — 204 £+ 0.0 21.5 4+ 0.0
background 578.6 +£50.3 409.2+382 1073.3+83.0 824.0+ 65.8
DPS WW 411+ 1.0 20.6 £ 0.5 487 + 1.2 241+ 0.6
observed 604 411 1091 869

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik
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DPS WW - The DPS cross section

* Discriminator fitted by signal and BG MC
templates

®* The observed DPS x-section consistent with
expectations

SecondHard:SingleW = oil

expected | observed
pythia : ’
Ty Using o, 1.64 pb 1.09+050 o1
factorized 20.7 mb 7049 P
UDPSWW (from W +2je';)//// 0.87 Pb
significance for oXe 327 o
& DPSW 293 o
significance for giactorized 1.81¢
UL in the absence of signal < 097pb <194pb

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik

CMS preliminary 35.9 fb" (13 TeV)

2] BN N R N LN L L R LI B
c - -+ Data

0500~ mmDPS B

w - pgrare MC 7

- mZZ 5

300 B

200
100 =
0 O N Y N E Y B T I ]

0 01 02 03 04 05 06 07 08 09 1
BDT discriminator
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Effective DPS cross sections with V-boson

G, €Xtractions (vector boson final states)

e On average 0_. ~ 15mb |
eff CDF y+3jets (1.8 TeV) —w—]

PRL 79 (1997) 584

. .
No significant DO y+3jets (1.96 TeV) FH

energy/pl‘ocess PRD 89 (2014) 072006

dependence observed e iU - ——

DO 2y+2jets (1.96 TeV) I ' :
PRD 93 (2016) 052008

ATLAS W+2jets (7 TeV) ; = |

New J. P. 15 (2013) 033038

CMS W+2jets (7 TeV) } 3 |

JHEP 03 (2014) 032

ATLAS Z+Jhy (8 TeV |
1.09 pb EPJC 75 {2012) 2%( e >
CMS WW DPS (8 TeV) l b

2 2 JHEP 02 (2018) 032
DPS _1UW++Uw—_, . :
O-W:tW:t T 5 %ﬂ%svov-g\éog((lgﬂ-)rev) ' . '
O-eH | | | | | | | | | L1 11 | L 111 | | | | L1 11

0 5 10 15 20 25 30 35
Gy (MD)
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Conclusions

* New CMS 13 TeV tunes CP1-CPS5 introduced

* At CMS the CP5 tune base on NNPDF 3.1 NNLO used as
default since:

— the (N)NLO PDFs better suited for matched NLO+PS MCs
- gives best beam-energy stability for UE measurements
— reasonably describes high jet multiplicities in ttbar

e The o_. measured in various final states, most recently in the

same sign WW production at 13 TeV
* After selecting DPS-sensitive observables, the o_. can be

extracted by:
- template method
- tuning method

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik
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Backup
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W + jj DPS at 7 TeV

* W pv + 2 jets
®* DPS fraction 5.5% + 1.4%

e 0 = 20.7+0.8 (stat) 6.6 (syst) mb

. e
MY EE
=

1)

DESY. Low-x 2019 Nicosia | 26 August 2019 | Radek Zleb&ik

CMS V\s=7 TeV

—
—&— Data

12 0.1

[ DPS Signal
I sPsS Background

TTTCEEFET

SRS Dataf(fDFS‘ Signal + (1 - fDF'S} * Background}::
3, ---- Data/Background -

i _:l:i'--l-._ ! -

02 04 0.6 0.8 1

CMS \s=7TeV '|-Ldt=5fb'1
EEB" B EEEEEEE IR B EEE B EEE e EEEEE (R EREEEE
4 -~ —@ Data
o
- 15 [ DPS Signal
- [l sPS Background
10
102
107
o = - SRR, TR =
= 228 " Data/(f__ " Signal + (1 - f___) * Background)]
i 13_— ---- Data/Background i
1.4F - N
1.2p R e
1 L
0.80




gamma + 3] DPS at 7 TeV

e Gamma + leading jet (p, > 75 GeV)
e Two other jets (p, > 20 GeV)
® 36 pb

QCD y+3jets, Double Bremsstrahlung Double Parton Scaeeering

jetl jetl
jet3 4

P (jet2, jet3)

p,(jet2, jet3)

RchlE_. o

/ jet3

jei2

e
I'|._"'r
.i &LST

P(jet2, jet3)

DPrien
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CIVIS Prellmlnary\s 7TeV, L=36pb’, pp — “{+3_j

= % J p p ?SGeV —&— DATA
amma + 3] DPS at 7 TeV s T T
= 2 PTJ z an >20GeV  eeeeees MADGRAPH+PY6 Z2* no MP! |
o U Ey: In<1.4442, 1.566</n|<2.5 MADGRAPH+PY8 4C ]
Ol Co — — MADGRAPH+PY8 4C no MPI ]
T [Jetsi <24 SHERPA CT10
-l - e SHERPA CT10 no MPI

®* Even the AS variable not very
sensitive to DPS

®* The no-MPI MC provides by chance
slightly better data description
— other effects more important than =
MPI for this process

[ 1 Total Uncertainty

MADGRAPH+PY6 Z2%2

MC / DATA

(%)
il ||||||||||||| 111 '||||I| | ||I||||| | 11 !||||

5
III|III|III|III|I |III|III|III
& —— I

=
=
g
@
)
=
o1 F
I
+
-
<
co
=~
3

® Conclusion on DPS not possible
within given precision

MC / DATA

SHERPA CT10

MC / DATA

0 0.5 1 15 2 25
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C M S eX p e r I m e nt [ MUON CHAMBERS | [ INNER TRACKER | | CRYSTAL ECAL. |
A ! |'
~ 7N ~ | /
l VERY FORWARD ‘
CALORIMETER

L.
/ ] : o fr AR RN
=

-‘—_---.‘l

Total Weight : 14,500 t.
Overall diameter: 1460 m
Overall length : 21.60 m
Magnetic field : 4 Tesla
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CMS experiment

01l-n 1I |
m

Key: am

Muon

Electron

Charged Hadron (e.g. Pion)

— = — - Neutral Hadron (e.g. Neutron)

----- Photon

Silicon
Tracker
‘ Electromagnetic
8 ]|“ Calorimeter

Calorimeter

Transverse slice
through CMS
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Superconducting
Solenoid

Iron return yoke interspersed
with Muon chambers

- ._..@n_,b_qn,_*_.i_k,_ 1\._§,__¢__*._.

D Barnay, CERN, Febrwary 2004
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