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Outline

Physics with jets

¥ Inclusive jet at 8 TeV;    (arXiv:1706.03192)
¥ Inclusive jets and di-jets at 13 TeV; (ATLAS-CONF-2017-048)
¥ Determination of      from Transverse Energy-Energy Correlation                  

(TEEC) in multi-jet events; (arXiv:1707.02562)

Physics with photon

¥ Inclusive photon at 13 TeV;   (Phys. Lett. B 770 (2017) 473)
¥ Photon + jet at 8 TeV;            (Nucl. Phys. B 918 (2017) 257)
¥ Photon + jet at 13 TeV;          (ATLAS-CONF-2017-059)
¥ Photon pair production at 8 TeV; (Phys. Rev. D 95 (2017) 112005)
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Motivation
¥ Test of perturbative QCD predictions;
¥ Constraint on proton PDFs;
¥ Determination of the strong coupling constant;
¥ Description of background event kinematic for 

different searches for new physics.
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Inclusive Jet production
¥                       ;
¥            ;
¥ anti-k  jets with both R=0.4 and R=0.6;
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!
s = 8 TeV

!
s = 13 TeV

¥                         ;
¥             ;
¥ Only R=0.4 anti-k  jets;

|y| < 3 |y| < 3
t t

pp ! Jet + X

 [GeV]
T,jet

p

70 210 210!2 310 310!2

 d
|y

| [
pb

/G
eV

]
T

,je
t

/d
p

�m2 d

8�<10

7�<10

6�<10

5�<10

4�<10

3�<10

2�<10

1�<10

1

10

210

310

410

510

 |y| <0.5

)00.5 10! |y| <1.0 (�)0.5

)-11.0 10! |y| <1.5 (�)1.0

)-10.5 10! |y| <2.0 (�)1.5

)-21.0 10! |y| <2.5 (�)2.0

)-20.5 10! |y| <3.0 (�)2.5

 MMHT2014EW k�€
Pythia8AU2CT10

NPk �€NLO QCD

ATLAS 
-1= 8 TeV, 20.2 fbs

 R= 0.4tanti-k

 [GeV]
T

p
210 310

 [p
b/

G
eV

]
y

 d
T

p
/d

�m2 d

23�<10

20�<10

17�<10

14�<10

11�<10

8�<10

5�<10

2�<10

10

410

710

1010

1210

201706241336

PreliminaryATLAS 
-113 TeV, 3.2 fb

=0.4R tanti-k

uncertainties
Systematic

 EW corr.!Non-pert. corr. 
!NLOJET++ (CT14nlo) 

)0 10!| < 0.5 (y|

)-3 10!| < 1.0 (y |�)0.5 

)-6 10!| < 1.5 (y |�)1.0 

)-9 10!| < 2.0 (y |�)1.5 

)-12 10!| < 2.5 (y |�)2.0 

)-15 10!| < 3.0 (y |�)2.5 

PT > 70 GeV PT > 100 GeV



¥ The dominant experimental uncertainties are the jet energy scale and jet energy 
resolution.

¥ Theory predictions corrected for non-perturbative and electroweak effects.
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Inclusive Jet production!
s = 8 TeV

!
s = 13 TeV
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NLO QCD predictions are typically 
above the data for                        .
Better agreement for higher      , 
except for                      where the 
NLO QCD predictions are higher 
(10-20%) than data. 
Same behavior observed for 
different PDF sets.
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¥ arXiv: 1611.01460; 

¥ arXiv: 1704.00923;

are available at 13 TeV.
No signiÞcant deviations from data 
are observed, except at                . |y| > 2.5
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The differences between the two 
predictions are in agreement 
within the scale uncertainties.
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Inclusive Jet production
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Di-Jet production at 13 TeV
¥ At least two jets with                         , within the interval              ;
¥                               has to be higher than 200 GeV;
Double differential cross section is measured as a function of the invariant mass of 
the di-jet system,       , in                                 bins.
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PT > 75 GeV |y| < 3
HT,2 = PT 1 + PT 2

mjj y! = |y1 ! y2|/ 2
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Fair agreement between data and 
NLO QCD predictions within the 
experimental uncertainties.

     tests made for each PDF set in 
individual         and       bins and 
when Þtting to all       regions (see 
backup). Good agreement 
between NLO QCD and data.

10

Di-Jet production at 13 TeV
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TEEC and ATEEC measurement
Transverse Energy-Energy Correlation deÞned as the energy-weighted angular distribution of 
hadron pairs.  Event shape independent from the thrust axis    
and the sphericity tensor.
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The theoretical predictions of 
NLOJET++ are in good agreement 
with the data within the theoretical 
uncertainties for both TEEC and 
ATEEC.
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TEEC and ATEEC measurement
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The theoretical uncertainty due to 
the choice of the scale, results to be 
the dominant one in this 
measurement (~20% in the central 
region of the TEEC distributions).



TEEC and ATEEC can be Þtted by the NLOJET++ predictions varying     .
The Þts to extract              are repeated for each bin of        separately.
Each value of              is then evolved to the Q scale using two loop RGE.
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Photons



Inclusive photon at 13 TeV
¥ Measurement of                 in four
            bins for the range                                     
                                       .
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E iso
T < 4.2 á10! 3 áE !

T + 4.8 GeV

The background is then subtracted 
with a data-driven method.

The measured differential cross 
sections are compared with the 
NLO QCD  predictions of JETPHOX    
using the MMHT2014 PDF set.



Inclusive photon at 13 TeV
The photon energy scale 
uncertainty dominates at 
high      : 2-5% (7-18%) for
                (                           ).

The photon ID uncertainty
gives a signiÞcant 
contribution at low      .

16

 [GeV]
!
TE

200 300 1000

re
la

tiv
e 

sy
st

em
at

ic
 u

nc
er

ta
in

ty

0.2"

0.1"

0

0.1

0.2

 energy scale and resolution!
 identification!

 correlation in backgroundiso

T
 ID vs. E!

total systematic

ATLAS
-1 = 13 TeV, 3.2 fbs

| < 0.6!#|

T
he

or
y/

D
at

a

0.6

0.8

1

1.2

1.4
ATLAS

-1 = 13 TeV, 3.2 fbs
luminosity uncertainty

|<0.6)!"Data (|

NLO QCD (JETPHOX):
 MMHT2014
HERAPDF2.0
ABM11

|<1.37)!"Data (0.6<|

 [GeV]
!
TE

200 300 400 500 1000

T
he

or
y/

D
at

a

0.6

0.8

1

1.2

1.4 |<1.81)!"Data (1.56<|

 [GeV]
!
TE

200 300 400 500 1000

|<2.37)!"Data (1.81<|

 [GeV]
!
TE

200 300 400
re

la
tiv

e 
sy

st
em

at
ic

 u
nc

er
ta

in
ty

0.2"

0.1"

0

0.1

0.2

 energy scale and resolution!
 identification!

 correlation in backgroundiso

T
 ID vs. E!

total systematic

ATLAS
-1 = 13 TeV, 3.2 fbs

| < 2.37!#1.81 < |

¥ NLO QCD predictions underestimate the data: 
10-15% (similar to the theoretical uncertainties);

¥ The theoretical uncertainties are larger than the 
experimental ones;

¥ For                           the measurements are 
systematically limited;

¥ The NLO QCD predictions of JETPHOX give an 
adeguate description of the data within the 
theoretical uncertainties.

E !
T

E !
T

|! ! | < 0.6 1.81 < |! ! | < 2.37

E !
T ! 600 GeV



¥ Measurements of differential cross 
sections as a function of       ,       ,                                       

                  ,                and            to study 
     the                dynamics.
                                
where      coincides with the scattering 
angle in the CM frame.

¥ Phase-space region deÞned by:
                             ,                     (excluding
                                   ),                           ,
                           and                            .
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Additional cuts for                       and                         to perform the measurement in 
an unbiased phase-space region : 

d! /dm ! ! jet d! /d | cos" ! |

Photon + Jet at 13 TeV

|! ! + yjet | < 2.37 | cos! ! | < 0.83 m! ! jet > 450 GeV

E iso
T < 4.2 á10! 3 áE !

T + 10 GeV



Photon + Jet at 13 TeV
¥ Comparison with Þxed-order NLO QCD 
    predictions of JETPHOX and 
    ME+PS@NLO SHERPA (NEW!);
¥ Values up to 1.5 TeV accessible for       and         ;
¥                          increases as             increases in 

agreement with NLO expectations.
¥ The QCD predictions of JETPHOX and SHERPA 

give an adeguate description of the data within the 
theoretical uncertainties.
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Photon + Jets at 8 TeV
¥     + 1, 2, 3 dynamics has been studied at 8 TeV;
¥ Measurements of                         and the angular 

correlations between the photon and the jets
    (                         ,                               );

           + 2 jets dynamics
                        , anti-k  jet (R=0.6) with 
                         and                           . 
Good description of the NLO QCD predictions of BlackHat.
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Photon + Jet at 8 TeV

+  3 jets dynamics

                       , anti-k  jet (R=0.6) with 
                       ,                          and
Good description of the NLO QCD predictions of 
BlackHat.
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Photon pair production 
Study of the process                          by 
measuring differential cross sections as 
functions of:
¥ diphoton invariant mass         ;
¥ diphoton transverse momentum           ;
¥ azimuthal separation between the photons
              ;                                 
¥                                                              ;
¥ transverse component of          respect to the 

thrust axis      .  

Phase-space region selected:                         ,
                       ,                   (excluding 
                             ),                     and
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Photon pair production

¥ NLO QCD calculations (DIPHOX and RESBOS) are not sufÞcient;
¥ NNLO corrections (2gNNLO) improve the description of the data, but it is still 

insufÞcient.
¥ Effects of the infrared emission (                  and low values of       and      ) are 

well reproduced by (RESBOS and SHERPA).
¥ Very good agreement between data and SHERPA.
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Summary and Conclusions
In all the presented results the pQCD predictions describe the data within the 
theoretical uncertainties.

Jets
      The inclusive jet analysis can be used to constraint the PDFs;
      First comparison of the measured cross sections with NNLO at 13 TeV;
      First measurement of di-jet cross sections at 13 TeV;
      The      values from the TEEC and ATEEC measurements in agreement 
      with the world average value (PDG);

Photons
       Theoretical uncertainties larger than the experimental ones (looking
       forward to compare with NNLO predictions) in the incl. photon analysis;
       First measurement of the photon + jet production at 13 TeV;
          +2 and 3 jet dynamics exploited at 8 TeV;
       Measurements of diphoton production       study the background of      
                       (in pQCD);
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Inclusive Jet production
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Di-Jet production at 13 TeV

Pobs

y! ranges CT14 MMHT 2014 NNPDF 3.0 HERAPDF 2.0 ABMP16
y! < 0.5 79% 59% 50% 71% 71%

0.5 ! y! < 1.0 27% 23% 19% 32% 31%
1.0 ! y! < 1.5 66% 55% 48% 66% 69%
1.5 ! y! < 2.0 26% 26% 28% 9.9% 25%
2.0 ! y! < 2.5 43% 35% 31% 4.2% 21%
2.5 ! y! < 3.0 45% 46% 40% 25% 38%

all y! bins 8.1% 5.5% 9.8% 0.1% 4.4%

Summary of the p-values obtained from the comparison of the di-jet cross 
section and the NLO pQCD predictions for various PDFs and for each      bin.y!
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TEEC and ATEEC measurement
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Photon reconstruction 
and identiÞcation

¥ unconverted photon candidates      no match with any track
¥ converted photon candidate      match with a converted vertex

¥ Unconverted ¥ Converted! !
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Background sources
The main background sources are      and     two photon decay 

30

! 0 !

! 0 ! ""

Two photon identiÞcation criteria 
(ÒLooseÓ and ÒTightÓ) are 
introduced according to the shower 
shapes in the ATLAS calorimeter 
system.

Loose and Tight photon candidates are then used 
in a data-driven method for the background 
estimation.



Photon isolation
         is computed summing the transverse energy of clusters 
of calorimeter cells in a cone of radius 0.4, excluding the 
contribution from the photon.  
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Additional cuts

32

Selection of unbiased region to measure                   and               cross 
sections:

The Þrst two requirements avoid the bias induced by the cut on        and 
       . The third requirement avoids the bias due to the         cut                 
in the (                                ) plane.
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Photon + Jet at 13 TeV
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Photon + Jet at 8 TeV
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Photon pair production 
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Photon pair production 
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