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Standard Model Production Cross Section Measurements Status: July 2018
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Why Z + jet production?

(1) Precision measurements: test pQCD, electroweak coupling
(2) Constraints for the PDF: gluon and light-quarks

clean leptonic
signature

Large Cross section

Backgrounds of the SM and new physics ! ’ D
(1) Higgs+jet production 7 Rt - - L

(2) VBF Higgs production

(3) Higgs invisible decay q

(4) Dark matter search (monojet) WW, ZZ fusion : T .

(5) ... q
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Why resummation effects are important?
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ResBos prediction agrees
with data very well

Resummation effects are
important for the Z
boson transverse
momentum distribution
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CSS Formalism (For Drell-Yan-like processes)

The large logs will be resummed into the exponential form factor:

B Q@ d,LL Q2
W(b,Q) = “”p{/bo/b* (A +B>} (C® 1), (Cof),

J. C. Collins, D. E. Soper and G. F. Sterman, Nucl. Phys. B 250,199(1985)

P Only for initial state soft gluon resummation




How to extend CSS formula to general
processes?

Only soft divergence, no

* Heavy colored particles collinear divergence

:> Final states carry color, so we should also consider complete color coherence
radiation between initial and final states, and final state radiation;
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e Jet production Both softand collinear divergence

A. Final states carry color, so we should also consider complete color coherence
radiation between initialand final states;

B. Jet algorithm will enter into the calculations as well;

Only out of the cone radiation contributions to transverse momentum of the
system

C. Jet function from collinear gluon radiation
11



Recent progress of modified g resummation

* Heavy quark production
A. top quark pair production
H.X. Zhu, C. S. Li, H. T. Li, D. Y. Shao and L. L. Yang, PRL110(2013)8,082001; PRD88(2013)074004
B. Heavy quarkonium production
P. Sun, C.-P. Yuan and F. Yuan, PRD88(2013)054008
* Processes involving multijets in the final state

A. Dijet production
P. Sun, C.-P. Yuan and F. Yuan, PRL113(2014)23,232001; PRD92(2015)9,094007

B. Higgs+jet production

P. Sun, C.-P. Yuan and F. Yuan, PRL114(2015)20,202001;
P. Sun, J. Isaacson, C.-P. Yuan and F. Yuan, PLB769(2017)57-61

C. Higgs+2jet production
P. Sun, C.-P. Yuan and F. Yuan, PLB762(2016)47-51;arxiv:1802.02980

D. Single top quark production

Q. H. Cao, P. Sun, B. Yan, C.-P. Yuan and F. Yuan, PRD98(2018)5,054032; 1902.09336
P. Sun, B. Yan and C.-P. Yuan, arxiv:1811.01428

E. Z boson+jet production

P. Sun, B.Yan, C.-P. Yuan and F. Yuan, arxiv:1810.03804 12



TMD factorization

TMD PDFs
F(SIS‘, kJ_a Q)

Collinear PDFs
F(z,Q)

1. DGLAP evolution

2. Resum ln(QQ//LQ)

3. Kernel: purely

1. Collins-Soper evolution

2. Resum 1H(Q2/ki)

3. Kernel: can be non-

perturbative perturbative

k1 ~ Aqco
Non-perturbative:
Collinear part Sudakov Factor fitted from data
Q du 2
F(x,0,Q) =|C® F(x,by/b") X exp —/ F(Aln 2 + B) o x|exp (—Fnp (b, Q))
bo/b*

13



TMD factorization

do b, .. 7
" ~ [/ W@ L bLE/Vab—md(xlax% bL} + Yob—cd

— /

TMD factorization, the all order Y=Pert-Asy
resummation information

The Matrix Form is defined in the color space:

I fa(£U1, n = bo/bl)xg fb(ajg, Y= bO/bL)e_SSud(Q2abl)

Q 4 @ d
Tr {Hab_,cdexp[— / _'LL'YST]Sab—mdeXp[_ / —MVS]]
bo/by M bo/by M

P. Sun, C.-P. Yuan, F. Yuan, PRL 2014
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Resummation Formalis%( %

Ao o Real part - Asymptotic part

dyzdy;dP7 d?q1 4 ]
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Drell-Yan like color coherence radiation
Sudakov factor betweeninitial and final state 15



Comparison to data@13 TeV
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. Blue band is the total
COm parlson tO data@ 8 TeV error of the data
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dojde 1)o [1/rad]

Blue band is the total
error of the data

Comparison to data@ 7TeV
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Summary

(1)The transverse momentum resummtion for the Z + jet
production;
(2)Our theory calculation agrees with data very well;
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Thank you! 4



Backup

20



Comparison to data

Why should we use the /27| as our resummation scale?

/-
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Resummation Formalism

color coherence radiation
between initial and final state
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Sudakov Factor

Hies 2
SSud:/ dL[ln(i)AJrBﬁBQJFDIH%
b

2
203 H
. — I ANV Z
I« W~ 2 ! ———— oo ¢
—_—

In the large N limit ———

—> ‘

<
<

In the large N, limit

<

q 4 I ’
—_—

23



In the large N limit
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How to compare our theory
Calculation with data?
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Stable Z boson production
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Reweig
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Reweighting by PYTHIA ; 2
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Reweighting by PYTHIA ; 2
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Jet Function (KT Type)
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