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Multiple Parton Interaction
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continuous turn-off 
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hard scattering + soft spectator scattering

underlying event (UE)
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σDPS
AB =

n
2 ∑

ijkl
∫ dx1dy1dx2dy2d2b

× Γik(x1, x2, μF, μ′ F; b)Γjl(y1, y2, μF, μ′ F; b) × ̂σA
ij(x1, y1) ̂σB

kl(x2, y2)

Γik(x1, x2, μF, μ′ F; b) = Dik(x1, x2, μF, μ′ F)F(b)

Dik(x1, x2, μF, μ′ F) = fi(x1, μF)fk(x2, μ′ F)θ(1 − x1 − x2)

σ−1
eff ≡ ∫ d2b(F(b))2

σDPS
AB =

n
2

σSPS
A σSPS

B

σeff

assume factorisation

double parton scattering (DPS)

good for PT ≲ 5 GeV

only used for PT > 30 GeV

see CP5 tune 
CMS, EPJC 80 (2020)
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Double Parton Scattering (DPS)
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p
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p
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p
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CDF (
p
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DØ (
p
s = 1.96 TeV, �+ 3 jets, 2010)

LHCb (
p
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c , 2012)

LHCb (
p
s = 7 TeV, J/ D+

s , 2012)

LHCb (
p
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, 2012)

LHCb (
p
s = 7 TeV, J/ D0

, 2012)

ATLAS (
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s = 7 TeV, W+ 2 jets, 2013)

CMS (
p
s = 7 TeV, W+ 2 jets, 2014)

DØ (
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s = 1.96 TeV, �+ b/c + 2 jets, 2014)

DØ (
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, 2015)

DØ (
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p
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ATLAS (
p
s = 7 TeV, 4 jets, 2016)

ATLAS (
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CMS (
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LHCb (
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σDPS
AB =

n
2

σSPS
A σSPS

B

σeff

σeff = 12.2+2.9
−2.2 mb

observed 6.2  @13 TeV, 138 σ fb−1

CMS, Phys.Rev.Lett. 131 (2023) 091803
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Threshold for DPS

σDPS
jj+X =

σjj

σeff
× σX

σjj = 0.5 mb

σeff = 12.2 mb

 @ 1.96 TeV Tevatronpj
T > 10 GeV

=
4 %

4

leading order simulation

DPS change distribution and cross section.  
Where is the threshold?



DPS Effects in Measuring pν
T

(pν
T,DPS)2 = (pν

T,SPS)2 + (pν
T,jj)

2 + 2pν
T,SPSpν

T,jj cos α

shift at  order(pν
T,jj)

2 smearing at  orderpν
T,jj

also affect mT(ℓ, ν) ≡ 2 (pℓ
T pν

T − ⃗p ℓ
T ⋅ ⃗p ν

T)

⃗p ν
T,SPS

⃗p ν
T,DPS

⃗p ν
T,jj

⃗p ℓ
T,SPS

α

β
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Threshold for DPS

• UE to describe data 5 GeV, DPS only checked >30 GeV


• relative uncertainties of Drell-Yan total/differential cross section ~4%


• inclusive jet cross section ~0.4 mb (CDF, Phys.Rev.Lett. 77 (1996) 438-443)


• So threshold 10 GeV is not included in description of underlying event, 
and need to be checked. 

≲

≳
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CDF-II W-mass Measurement

tension with SM prediction and other experiments
6.9 σ SM prediction: mW = 80359.1 ± 5.2 MeV de Blas, et al., PRD 106 (2022) 3, 033003

4.0 σ LHC latest: mW = 80360 ± 16 MeV report number: ATLAS-CONF-2023-004
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Jet Energy Calibration
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jet energy scale factor: 

average UE/pile-up/electronic noise

LHC: 

large density

average is good enough

Tevatron: 

small density

hard to take average



DPS Effects
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choose  for examplepj
T > 10 GeV MW ≡ MSM

W + ΔMW

expect ΔMW ∼ 102 MeV expect ΔMW ∼ 101 MeV
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preliminary preliminary



DPS Effects

χ2 =
b

∑
i=a

(ni − nSM
i )2

nSM
i + ( fsystnSM

i )2
, fsyst = 10 %

σeff = 12.2+2.9
−2.2 mb

consider uncertainty from σeff
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DPS Scale Dependence
consider uncertainty from σeff = 12.2+2.9

−2.2 mb
MW ≡ MSM

W + ΔMW

ΔMW(pν
T) = 154+32

−28/36+8
−7/12+3

−2 MeV

ΔMW(mT) = 51+11
−9 /12+3

−2/4+1
−1 MeV

ΔMW(combine) = 58+12
−11/14+3

−3/5+1
−1 MeV
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Conclusion

• Double parton scattering effects can appears in inclusive measurements. 


• contribute ~  total events and  shift of . 


• The W-mass tension shows the threshold may be ~10 GeV. 


• Hope CEPC can help improve the result. 

10−2 𝒪(10−2) − 𝒪(10−1) GeV pν
T
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Backup
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DPS on pν
T

(pν
T,DPS)2 = (pν

T,SPS)2 + (pν
T,jj)

2 + 2pν
T,SPSpν

T,jj cos α
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pν
T,DPS = pν

T,SPS + pν
T,jj cos α +

(pν
T,jj)2

2pν
T,SPS

(1 − cos2 α)

shift ~0.1 GeVsmearing ~4 GeV



DPS on mT
mT(ℓ, ν) ≡ 2 (pℓ

T pν
T − ⃗p ℓ

T ⋅ ⃗p ν
T)
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(mT,DPS)2 = (mT,SPS)2 + 2pℓ
TΔpν

T,DPS − 2 ⃗p ℓ
T ⋅ ⃗p ν

T,jj

shift ~0 GeV

smearing ~4 GeVΔmT,DPS =
pℓ

T pν
T,jj

mT,SPS
(cos α − cos β)

+
(pν

T,jj)2

2mT,SPS

pℓ
T

pν
T,SPS

(1 − cos2 α)

−
(pν

T,jj)2

2mT,SPS

(pℓ
T)2

(mT,SPS)2 (cos α − cos β)2
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