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General Contact InteractionsGeneral Contact Interactions

… … or heavy Leptoqurksor heavy Leptoqurks

With effective LQ coupling:

With CI coupling:

Where can we find Where can we find 
abundant electrons and abundant electrons and 
quarks to study this? ...quarks to study this? ...
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● HERA: ep collider in Hamburg
● Operation: 1992-2007
● Colliding experiments: H1 and ZEUS

… … at HERA, of course!at HERA, of course!

Neutral Current (NC)
gg, Z, Z00 exchange exchange

Charged Current (CC)
WW±± exchange exchange

electronelectron

neutrinoneutrino

… … in Deep Inelastic Scatteringin Deep Inelastic Scattering

Q 2=−q2=−(k−k ' )2
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● HERA combined DIS data
● 2927 data points combined 

to 1307
● impressive improvement of 

precision due to:
● increased statistics
● better understanding of 

systematics
● cross-calibration of the 

data from two experiments

Eur. Phys. J. C75 (2015), 12, 580

HERA combined inclusive cross sectionsHERA combined inclusive cross sections



  

5

         K. W
ic hm

a nn                               I CH
E P2 0     CI  @

 H
E R A

 

HERA data are (almost) perfect but HERA data are (almost) perfect but 
there is a caveat ...there is a caveat ...

● To study any reactions with interacting proton, we need parton densities
● BSM signal in data could affect PDF fit and result in biased PDFs

… quarks don't come for free, 
they are bound in proton which 

is a complicated object
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HERA data are (almost) perfect but HERA data are (almost) perfect but 
there is a caveat ...there is a caveat ...

● All high-precision PDF fits include HERA DIS data → unavoidable problem

Proper way → 
simultaneous global QCD fit of HERA data with possible BSM contributionsimultaneous global QCD fit of HERA data with possible BSM contribution

● Use of biased PDFs in the BSM 
analysis results in overestimated 
limits

→ showed in HERA quark radius analysis: 
Phys. Lett. B 757 (2016) 468
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Simultaneous QCD + CI fit Simultaneous QCD + CI fit 
● Fit together parton distribution functions and CI contributions

● comparison of measured inclusive cross sections with NLO predictions
● follows HERAPDF2.0 determination using xFitter 
● NLO QCD predictions at given x and Q2 scaled  

Phys. Lett. B757 (2016), 468-472

Parameterised at starting scale 

●Evolve with DGLAP at NLO
●Obtained PDF: ZCIPDF

● have good agreement with 
HERAPDF2.0

fixed or calculated by the sum-rules

set equal
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PDF uncertaintiesPDF uncertainties

  ExperimentalExperimental  uncertaintiesuncertainties::
- - HessianHessian  methodmethod
- Conventional - Conventional ΔχΔχ22  = 1 => 68% CL= 1 => 68% CL

  Model uncertaintiesModel uncertainties
- ariations added in quadrature- ariations added in quadrature

  Parametrisation uncertaintiesParametrisation uncertainties
- largest deviation- largest deviation

Adding D and E parameters to each PDFAdding D and E parameters to each PDF

● For ZCIPDF experimental and 
model uncertainties estimated
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Model

LL +1

RR +1

LR +1

RL +1

VV +1 +1 +1 +1
AA +1 -1 -1 +1
VA +1 -1 +1 -1

X1 +1 -1

X2 +1 +1

X3 +1 +1

X4 +1 +1

X5 +1 +1

X6 +1 -1

… … or heavy Leptoqurksor heavy Leptoqurks

With effective LQ coupling:

With CI coupling:

arXiv:1902.03048, accepted by PRD

CI models studied in this analysisCI models studied in this analysis

Free parameter in PDF fit
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Results of simultaneous QCD + CI fit Results of simultaneous QCD + CI fit 

● For some model improvement in data description after adding CI terms
● Modeling uncertainties can play important role 

SSLL
11 improvement persists after taking  improvement persists after taking 
into account model uncertaintiesinto account model uncertainties
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Predictions for X6 and SPredictions for X6 and SLL
11 models models

● For SL
1 description of the proton PDFs significantly affected when heavy-LQ 

contribution added
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Setting limits using MC replicasSetting limits using MC replicas
● Limits derived in frequentis approach using Monte Carlo replicas 

technique

Cross-section prediction from 
ZRqPDF modified with ηTrue

Measured cross sections Correlated systematic uncertainties

Relative stat. and uncorrelated syst. uncertainties Random numbers from normal distribution

(1)  MC replicas of cross sections for some 
ηTrue calculated

(2) each MC replica fitted for ηFit 
parameter simultaneously with PDFs

(3) fraction of ηFit values less than ηData 

obtained from fit of data evaluated
→ used further as Prob(ηFit < ηData)

ηData

ηFit

ηTrue
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Analysis strategyAnalysis strategy

13

● Procedure is repeated for different ηTrue

● central 90% CL coupling interval evaluated

Probabilities close to 
5% fitted with:

90%CL interval90%CL interval
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Results Results 
general CI                    heavy LQsgeneral CI                    heavy LQs

● For Yukawa coupling λLQ = 1 corresponding lower limits on LQ mass vary 
between 0.66 TeV for the SL

1/2  and 16 TeV for VR
0 

● With modeling uncertainties included: 0.60 TeV - 5.6 TeV

~ ~
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Comparison to LHC limitsComparison to LHC limits

● Only four CI models considered at LHC data
● For these models, the statistical sensitivity of the LHC much higher 

→ systematic uncertainties from proton PDFs can be underestimated, as 
possible bias in parameterisation not taken into account
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ConclusionsConclusions
● General CI and heavy LQs studied using 

frequentist approach and MC replicas in 
simultaneous QCD+CI global fit of PDFs 

● In some models deviations from SM 
found on level of 2-4 s

● These deviations are unlikely to result 
from statistical fluctuations alone
→  might be explicable by combination 
of modeling uncertainties in fitting 
procedure and statistical fluctuations
→ probabilities > 5%

Difference from SM ~ 4s

Differences from SM up to 
~2.7 s
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Back up slidesBack up slides
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Data description: general CIData description: general CI
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Data description: heavy LQsData description: heavy LQs
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