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DE BRUXELLES BRUXELLES BRUSSE|
LA LIBERTE DE CHERCHER EN TOUTE SECURITE !
- Processes involving Z boson production are one of the N, ‘*"f"l'l',f:f'(‘l'"'
best understood processes at hadron colliders dP
- Z->ll, (I=e,n) are among the cleanest final states [x

experimentally —
- Allows probing various QCD effects by studying :
kinematics precisely
- Important to study Z+ HF production at the LHC

soft|—

—> Can provide understanding of HF production ,, ,,+WWP3
- Can provide understanding of soft QCD effects H
—> Comparison of sensitive variables with TMDs L

- Study of angular variables play an important role in
understanding those dynamics. (Ad(Z)))...)

- In this talk, we present comparison with PB TMD
method (Z+1j @NLO + PB TMD)
- Madgraph5_amc@NLO generating Z+1j @ NLO
- Using Cascade v3, TMDLib v2.2.0
- https://cascade.hepforge.org/
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Measurements used in

comparison

- Measurements of differential production cross sections for a Z boson in association
with jets in pp collisions at Vs = 8 TeV (JHEP 04 (2017) 022)

- Measurement of Z + b jet at 8 TeV (Eur. Phys. J. C(2017) 77: 751)

- Measurement of associated production of a Z boson with charm or bottom
quark jets @ 13 TeV (Phys. Rev. D 102, 032007 (2020))

- Measurement of differential cross sections for Z boson production in association
with jets in proton-proton collisions at Vs = 13 TeV (Eur. Phys. J. C 78 (2018) 965)

B. Bilin
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LA LIBERTE DE CHERCHER EN TOUTE SECURITE |

Z+j @8 TeV _-

p{ >20 GeV, |n/[<2.4 71<M;<111 GeV
py >30 GeV, |n/|<2.4
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LA LIBERTE DE CHERCHER EN TOUTE SECURITE |

p¢ >20 GeV, |n/|<2.4

Z+b @8 TeVv  [EFNEIEEHT75

71 <M;<111 GeV

Z+Db: pr

py >30 GeV, |n/|<2.4
Studies of various variables are carried out

) nb! pTzs HTI A(p(z,b)

Z+bb: pr°,pr2, pré,MP® M0 pP, Ag(bb), Ap(bb,Z), AR(bD)...
- Sensitive to b-quark PDF and initial-state gluon splitting

Azpp =

A

max

Zb
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ARZ + ARG
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fnrls /+b @8 TeV

pr >20 GeV, |n/[<2.4 71<M;<111 GeV
py >30 GeV, |n/|<2.4

8 TeV, Z boson pt, at least one b jet

8 TeV, Z boson pt ratio, at least one b jet over inclusive
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- Low pr(Z) well described for the Z + >=1b-jet
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fnrls /+b @8 TeV
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0)

8 TeV, DeltaPhi_Zb, at least one b jet 8 TeV, DeltaPhi_Z(b/j) ratio, at least one b jet over inclusive
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fn's 7+ bjet, Z+cjet ratio!Phys:Rev.D 102,032007 (2020)

pr >25 GeV, |n/|<2.4 71<M;<111 GeV

pr >30 GeV, |n/|<2.4

Ratios of cross sections,o(Z+c jets)/o(Z+jets), o(Z+b
jets)/o(Z+jets), o(Z+c jets)/o(Z+D jets)
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Combined channel

Combined channel

:\::.0.16_— L LI L AL AL L R IR L BN B 3012__1 T T AL L AL AL A BN R
= 0.14 - —4— Data 4 = 7t —+— Data -
e SR E —— MCatNLO-PBs¢t2 | < C e MCatth-M—“
0.12 —'—"_M(;%mﬂ — o :_ —+— MCatNLO-P8 —:
01 b w ! 0.08 h-\_r"_\—l P B
- 7 L + + ¥ =|
0.08:— ?;0_ 0.06 E—_‘_\_I__;':-.—_.—._\_._ _:
- 0.04 | -
0.04 — ]
002 E- 0.02 :— B
: l I I l J I l I } I I I I I I ) : 1 1 1 1 1 L L L 1 1 L L 1 1 1 :
] A R e B Sa s — mam
s HF 1 i
g - ; g, S
g od f g =1
= o8 E S o8 E -
07 - 0.7 E-
gg E_J PRI P S B Sg é_x PR P T s [ I S
o 50 100 150 200 0 50 100 150 200
pr(Z) [GeV] pr(Z) [GeV]
Combined channel
3 4: T T T T ] T T T I T T T T I T T T T :
N —— Data E
& 35 —+—= MCatNLO-PBsetz -
. —t+— MCatNLO-P8 E
RS — .
. ; : —> PB TMD predicts
.E E Z+c/Z+b the best
T == — S
= 3
Phvs. Rev. D 102 3 E - For both Z+b/Z+j and
S. ReV. o5 E :
03;007 (2020) ! OE i i I I 1 } I I l ) J I ) } } L a Z+C/Z+J ShOW
‘.4 5_1 L] 1 ] ] ) T T I T T T T T T l_g . .
s BE - deficiency at low pT
%= 41 E E
e ME 1l % } J
$ o =l = ——
0‘7?_‘_'_,_1—\_0— =
0 50 100 150 200
B. Bilin pr(Z) [GeV] 108



fnls /+ 1ljet, Z pT Eur. Phys. J. C 78 (2018) 965  p-p Vs=13 TeV
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CMS, 8 TeV, Z boson pt, at least one b jet
T T

Z+jets /s = 13 TeV Eur.Phys.].C 78 (2018) 11, 965
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prbalance between the Z boson and the vector
sum of the jets:

praI= I EI'(Z) +2jets F?T(J.) |

Jets-Z balance (JZB):

JZB=|3jets Brlii) |- 1 P7(2) |

Z+jets /s = 13TeV Eur.Phys.].C 78 (2018) 11, 965

Z+jets /s = 13 TeV Eur.Phys.].C 78 (2018) 11, 965
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Summary

- Presented several measurements of Z+ j final state
including Z+HF
- Compared with PB-TMD predictions from Cascade +
Madgraph5 amc@NLO
— Overall good description, better description of Z+b,
/Z+cC cases
- Low Ad not described well for Z+light jet case
- Important to include higher orders in ME to fill the
missing piece
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Unfolded to fiducial space

Z--> ' (efe’); pr (1) > 25 GeV,
76 <M, < 106 GeV

Measured inclusive cross section as well
as (double)differentially (absolute and

normalized)

do/dp;,do/d¢" also in bins of y(Z
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Drell-Yan Measurements
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Asymptotico

Differential ¢*

—> Angular variable strongly correlated to p;
- Allows studying low pT in more detail
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