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Motivation I
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* Understanding of proton structure essential
for search for new physics @ LHC

e Measurement of Drell-Yan (Z) cross sections
—>Contains important information about PDFs

—>Ratios to top-pair cross sections help to further
reduce uncertainties
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High-mass Drell-Yan

JHEP 1608 (2016) 009
https://arxiv.org/abs/1606.01736
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Motivation

 Measurement of the Drell-Yan production at
high invariant mass (my;; > 116 GeV)
—>Sensitivity to PDFs at large x

—>Sensitivity to photon PDF due to contribution
from photon induced production

—>Sensitivity to electroweak corrections

e Measurement of double differential cross-
section as function...

—>m, vs |y,
—>m, vs|An,]
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Analysis Selection / Backgrounds .= I

* Selection of two isolated electrons/muons

* Common fiducial volume
—>pt > 40 GeV (leading), pt > 30 GeV (subleading)
>|m| < 2.5

* Backgrounds

>tt & Wt — determined from MC
* Main background in both channels (=9%)

—>Diboson — determined from MC
—>Multijet & W+Jets — determined from data

* Very small in muon channel (<1%)

* Large in electron channel for certain regions of phase space
(=3% - =50%)
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Data MC agreement
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* Good agreement between data and
expectatlons
* Simple bin-by-bin unfolding to obtain cross-

section
—>Very high purity, simple approach possible
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Cross section combination
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Cross section result
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* Total uncertainty (excl. luminosity) at low mass below 1%
 Comparison to theory calculations (FEWZ)

—->NNLO in QCD, NLO in EW
* Table with full statistical correlations on HepData
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Cross section result
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 Comparison to different PDFs
* Except at high mass: Measurement more precise than theory

* Photon PDF uncertainty (NNPDF2.3ged) often dominates theory
uncertainty
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Comparison to PDF
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myy |’y££ | | Ange |
MMHT?2014 18.2/12 59.3/48 62.8/47
Xz/d.O.f CT14 16.0/12 51.0/48 61.3/47

NNPDF3.0 | 20.0/12 57.6/48 62.1/47
HERAPDF2.0 | 15.1/12 55.5/48 60.8/47
ABMI12 | 14.1/12 57.9/48 53.5/47

600 (9T02) 809T dIHr

e Quantitative comparison to different measurements
with xFitter

—>General compatibility between data and theory

—Best agreement found with ABM12, especially when
considering the PDF uncertainty
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Photon PDF reweighting
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e Bayesian reweighting of photon PDF to simulate impact
of the measurement
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e Large reduction of the photon PDF uncertainty
—Indicating large sensitivity of the data
* Fit needed to fully explore measurement
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New photon PDF results I
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e Measurement has been used in

S @ =10000 GeV”

a full PDF fit by F. Giuli et al. £ 008, g5 iter_opHDY
(arXiv:1701.08553) T NPDF30qed

— Clear reduction of the photon PDF
uncertainty

— Although smaller than in the
Bayesian reweighting approach

€95980°TOLT:AIXE

 LUXged PDF has been released
shortly after the measurement

—>New ansatz, much smaller
uncertainty
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Z/top-pair cross section ratios

JHEP 1702 (2017) 117
https://arxiv.org/abs/1612.03636
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Motivation - I

U EF‘\S TAT M

tot ot different Vs

fid fid fld to tot tot
“R7 Zi/Zj Z(LTeV)/ Z(jTev)’ Rz l/tt] Utt(lTeV)/Utt(]TeV)

e Measurement of the ratios of a;id and o,z

tot/fid ,. tot fld
9Rtt?/z (iTeV) = O-tl?(lTeV)/ Z(iTeV)

tOt/fld _ tot fld tot fld
Rig/z  (/J) = [octirevy/ Oz irevy )/ [Octirevy! O jren)]
* Significant cancellation of some systematic uncertainties
in the ratios

— Luminosity, beam energy...
* Ratios sensitive to PDFs, o, m, ...

—>Z-boson and ttbar production driven to large extent by different
PDFs

— Sensitivity to gluon-to-quark ratio
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Analysis Strategy

* Analysis uses previously published cross sections
measurements atvs =7, 8, 13 TeV

%agidat Vs = 13 TeV measured within the paper to
have fully synchronized selection
* Fiducial volume for Z-boson measurement defined by

Sph > 25GeV, || < 2.5,66 < my; < 116 GeV

* Predictions of top-quark-pair fiducial cross sections
not yet available at NNLO

—>Measurements extrapolated to total cross section

04 April 2017 DIS 2017 - Markus Zinser 15



Theory Calculations
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Total cross sections

fid B tot
oy o
V5 [TeV] 13 | 8 7 13 | 8 7
Central value [pb] | 744 | 486 | 432 842 | 259 | 182
Uncertainties [%0] |____Jd_ 1 __ M !
I +2.7 | 425 | 425 +26 | 439 | +44 |i
PDF {-3a_| -3 | 3o || Z27 | Z54 | Zs7
+0.9 | +1.0 | +1.0 +1.9 | +2.1 | +2.2
«s 11 | —0.8 | —0.7 [ L8 [ =21 | Z21 |
+05 | 405 | 407 b +2.4 | +2.6 | +2.6 |
Scale 0.8 0.5 —0.3 || —3.6 3.5 —3.5 }
Intrinsic Z fg;i fg:; jg'; N/A | N/A | N/A
2.8 3.0 3.1
my N/AIN/A I NJA || 57 | T | Tae
+3.0 | +2.8 | +2.9 +5 +6 +6
Total L 37 | —33 | —32 —6 —6 —6 :

 Fiducial Z cross sectlons calculated at NNLO QCD
(DYNNLO1.5) and NLO EW (FEWZ3.1)

* Total top-pair cross section calculated at NNLO+NNLL

(Top++v2.0)
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Correlation Model (Theory) -
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I Ratios :
fid o
RZI‘/Z:’; R:;ttftt
i/j 13/7 13/8 8/7 13/7 13/8 8/7
Central value 1.722 | 1.531 | 1.125 4.634 | 3.251 | 1.425
Uncertainties [%)] T
1.0 0.8 0.22 1.9 1.4 0.5 o
PDF jo.g tO.? i0.21 i2.3 1—1.8 J—ro.e g
—0.1 —0.1 —0.1 —0.32 —0.25 —0.08 N
as —0.4 —0.3 —0.1 +0.29 +0.22 +0.07 N
Scale e | 185 | et | el | oty | 08t ||
my N/A N/A N/A +0.29 +0.22 +0.07 Q
Total

* PDF uncertainty: Correlated eigenvector by eigenvector

 QCD scale uncertainty: Uncorrelated between processes but
correlated at different Vs

* 0guncertainty: Correlated between predictions
* Z-boson intrinsic & m, uncertainty: Correlated within process
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Measured Cross sections
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 Measurements dominated by systematic uncertainty
e Largest sources of systematic uncertainty

— Luminosity, beam energy, signal modelling (ttbar)
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Correlation Model (Meas.)
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} Systematic uncertainties | JHEP 1702 (2017)117 | | Correlations |
Per e ap ad cn a0 a0 a» E» @G> @» @ @D @D @ @ @ b--------ﬁ-o'zm--.--- O_l:%)t
8 ofd § atot I Luminosity A B C|A B C}
Systematic (%] /s [TeV] |13 8 7 |13 8 7 I Beam energy A A A|A A Aj
Luminosity 21 19 18|23 21 20 T —_— - e ———— e
Beam energy 0.7 06 06|15 1.7 1.8 Muon (lepton) trigger A AT AL A B B
Muon (lepton) trigger 01 06 01|01 02 02 Muon reconstruction/ID A B C|A D D
Muon reconstruction/TD 07 05 03|04 04 03 Muon isolation A A A B CcC D
Muon isolation 04 00 02]03 02 04 Muon momentum scale A A A A A A
Muon momentum scale 01 00 00|00 00 01 —
Flectron trigger 00 02 00|01 — Electron trigger . A A AT A — —
Electron reconstruction/ID 04 08 031]03 04 0.1 Electron I‘eCOIlStTUCtIOIl/ID A B C A D D
Electron isolation 01 00 — |04 03 06 Electron isolation A A — | B CcC D
Electron energy scale 03 01 01|02 05 0.2 Electron energy scale A A A A A A
Jet energy scale — — — |04 07 04 Jot - 1 A B B
b-tageing —  — — |05 04 05 el energy scale .
Background 01 02 01|11 1.0 10 b-tagging — — —| A B B
Signal modelling (incl. PDF) 01 01 03|30 1.7 18 Rackeronndl o e e A A AL B _B_B
I Signal modelling (incl. PDF) B B

]
>
>
>

:
<

I

I

-I

i
1 same letter = correlated 1

b-----------------

* Luminosity fully correlated at same Vs
e Beam energy fully correlated
e Signal modelling (almost) fully correlated across Vs
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Single ratios at given Vs
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 ATLAS ATLAS | —
7TeV, 4610’ 8 TeV, 20.2 b %
| data * total uncertainty ¥ data + total uncertainty :
| data * stat. + exp. uncertainty | data + stat. + exp. uncertainty ~
| data+ stat. uncertainty | data * stat. uncertainty S
S e ol S e | e el I
[0 HERAPDF2.0 {} + 0 HERAPDF2.0 I
(NNLO QCD, mner uncert.: PDF only) (NNLO QCD mneruncert PDF only)
025 03 085 04 '0.115;' - —03 035 04 05 ”if)dés”
GtOt / C’_I((:I7TeV) Gt%‘rev) / C’-ZI(STeV)
* Luminosity uncertainty cancels
 Measurement more precise than theory predictions
* Spread of predictions explained by difference in gluon
density and o
* Data agree best with HERAPDF2.0 and ATLAS-epWZ12
e ABM12 deviates up to 2.60 (8 TeV)
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Single ratios at different Vs I
8 TeV, 20.2 fb 7 TeV, 4.6 b x
13 TeV, 3.21b" | 1d31T<+a\l/,13|.2 fb’r‘t » %
I gg::*__'ls?;at?;lc;gtjr?z:irtainty I d;:;stai.;exp. ufnc{ertainty g
| data =+ stat. uncertainty | data * stat. uncertainty o
A ABM12 A A ABMI2 A ﬁ
A\ J CT14 v CT14 —¥— 8
[ | NNPDF3.0 | ] NNPDF3.0 HIH d
® MMHT14 ® MMHT14 - -
O  ATLAS-epWZ12 O  ATLAS-epWZ12 O+ :
0 HERAPDF2.0 0 HERAPDF2.0 =
| (NNLtOLC?C.D. |In|l'1elrlurllcerltJF:DlFoln|¥) IIIIIIIIIIIIIIIIIIII .(NNL.OIQC.D |Inn<laruncert PDFonIy) N AN
09 T 1 Y2 i3 T4 15fd16 17fd18 3 35 4 4.5 5
GZ(13TeV) / OZ(8TeV) fi(13TeV) /o fi(7TeV)
. fid . . .
* Ratios of g, ~ consistent with all predictions
— Measurement dominated by luminosity uncertainty
—> Good agreement may indicate that assuming uncorrelated
luminosity uncertainties is very conservative
* Differences in ratios of /" due to different gluon
distributions as a function of x
04 April 2017 DIS 2017 - Markus Zinser 21




Double ratios
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—
ATLAS ATLAS

[ =
8 TeV,20.21b" 7 TeV, 4.6 fb” I
13 TeV, 3.2 1b" 8 TeV,20.21b™ g
| data * total uncertainty ¥ data + total uncertainty =
| data * stat. + exp. uncertainty | data + stat. + exp. uncertainty ~
| data+ stat. uncertainty | data * stat. uncertainty S
A ABM12 At A ABM12 ™ ~
¥ CT14 =2 ¥ CT4 w 8
H NNPDF3.0 i H NNPDF3.0 m ]
S
® MMHT14 o+ ® MMHT14 Y =
@) ATLAS-epWZ12 HOr O  ATLAS-epWZ12 O :
[0 HERAPDF2.0 H 0 HERAPDF2.0 ]
(NI\IJLO QCD, im?er uncert.: PIDF only) | ! | | (NNLO QCD inner uncert PDF only) | |
14 1.6 1.8 2 2.2 2.4 2 6 0.7 0.8 0.9 1 1.1 1.2 1 3 1 4
oot 01 x
ti(13TeV) 1f(8TeV) T( 8TeV) _tieTev) , T aV)
fid fd
O7(1aTaV) 02( TeV) GZ( gTev)  OZ(7Tev)

e Total uncertainty becomes much smaller in the double
ratios

e Ratio 13 TeV/8 TeV consistent with all predictions (1o level)
e Ratio 8 TeV/7 TeV deviates at the 30 level

— Difficult to describe this with PDF effects

—>13 TeV / 7 TeV agrees with most PDFs within 1o
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2D & Quantitative Comparison =,
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oy’ [pb]

04

(=) I T T T T 3 I 3 480 _\ T ‘ T T T I I T ]
- ATLAS = ATLAS = - ATLAS =
z =] L i
800‘13Tev,3.2ﬂ51 B | 8TeV, 20.2 b B [ 7Tev, 461 =
L m
L I 4607 o
i S
L 500 s =
i - I 440+ N
750~ ‘ - N
L | - (=
[ S
r A ABM12 [ A ABMi2 4207 A ABM12 :
v CT14 ] | vcma : v CT14 =
700~ : n"ﬂ:';?riio [&] data + total uncertainty — : ::ﬁ?;io [ data + total uncertainty L : n“ﬂ:'ﬂ?riio |8 data + total uncertainty N_
L O ATLAS-epWz12 ¢ data * stat. £ exp. uncertainty i 450 — O ATLAS-epWZ12 ¢ data £ stat. £ exp. uncertainty ——| 400 O ATLAS-epWz12 ¢ data * stat. £ exp. uncertaint —
- HERAPDF2.0 » data * stat. uncertainty i - HERAPDF2.0 = data * stat. uncertainty L - HERAPDF2.0 = data * stat. uncertainty
1 I 1 Il 1 L | 1 1 Il 1 \ Il Il 1 L | 1 C 1 Il I 1 1 1 L I Il 1 ] Il 1 ‘ 1 Il 1 | 1 1 Il I Il 1 1 I Il
600 700 800 900 200 250 140 160 180 200
o [pb] ot [pb] o [pb]

* Cross sections can also be directly compared to
theory predictions

Quantitative comparison to different PDFs can be
made with xFitter

ATLAS-epWZ12 CT14 MMHT14 NNPDF3.0 HERAPDF2.0 ABMI2
x*/NDF | 8.3 /6 15/6 13/6 17 /6 10 /6 25 / 6
p-value | 0.22 0.02  0.05 0.01 0.11 < 0.001
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Impact on PDFs
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* Impact of measurement on PDF

uncertainties can be quantified by

using PDF profiling

—> ATLAS-epWZ12 is chosen

 Light-quark sea distribution xZ(x,Q?) .

constrained at x < 0.02
—> Mainly strange-quark distribution

* Gluon distribution xg(x,Q?)

constrained at x > 0.1
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Conclusion

* Measurement of high-mass DY spectra and
Z/ttbar ratios help to improve understanding
of proton structure in several places

—>Photon PDF
—Strange-quark PDF
—>Gluon PDF

* Looking forward to see these measurements
with increased data-sets
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Cross Section Predictions

UNIVERSITAT Mainz

04 April 2017

T
m
O
prot/fd - y; plot/fd ./ S
vz (@ TeV) i)z (2/]) R
- . . N
iori/j 13 8 7 13/7 | 13/8 | 8/7 2
Central value 1.132 | 0.533 | 0.421 || 2.691 | 2.124 | 1.267 E
Uncertainties [%] -
+6 +7 +7 +1.5 +1.1 +0.4
PDF -5 -5 -5 —2.0 ~1.6 —0.5
‘ +0.9 +1.1 +1.1 —0.22 | —0.22 | —0.00
as 0.8 —~1.3 —~1.5 +0.70 | +0.50 | +0.20
+2.6 +2.6 +2.7 +0.62 | +0.32 | +0.31
Scale —3.6 —3.5 —3.6 -0.27 | —0.20 | —0.07
o +0.7 +0.7 +0.7 +0.00 | 40.00 | +0.00
Intrinsic Z —0.7 —0.7 —0.7 —0.00 | —0.00 | —0.00
+2.8 +3.0 +3.1 +0.29 | +0.22 | +0.07
mg —2.7 —2.9 —3.0 —0.29 | —0.22 | —0.07
+7 +8 +8 +1.8 +1.3 +0.5
Total —7 —7 -7 21 | -16 | —05
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JGlu

Measured Cross sections

UNIVERSITAT Mainz

o+ stat =+ syst [pb]
Vs [TeV] 13 8 7 I
ofid, 7783 +£0.74+17.7 | 507.0+£0.2+£11.0 | 451.2+£0.5+8.7 E
oy 77444064182 | 504.74+0.2+10.8 | 450.0+£0.3 +8.8 =
Uf?ie#+x 9.94 £0.094+0.37 | 3.04+0.02£0.10 | 2.30 £ 0.04 £ 0.08 —S
atot 818 + 8+ 35 243+24+9 183 +£3+6 E
-
N
§ ofid 4] or:?t
Systematic [%]  / Vs [TeV] | 13 8 7 |13 8 7
Luminosity 21 19 18 1]23 21 20
Beam energy 07 06 06|15 1.7 18
Muon (lepton) trigger 0.1 06 01]01 02 0.2
Muon reconstruction/ID 0.7 05 03|04 04 03
Muon isolation 04 00 02]03 02 04
Muon momentum scale 0.1 0.0 0.0 1]00 00 0.1
Electron trigger 00 02 00}]01 — —
Electron reconstruction/ID 04 08 031]03 04 0.1
Electron isolation 0r 00 — |04 03 06
Electron energy scale 0.3 01 011]02 05 0.2
Jet energy scale — — — 104 07 04
b-tagging —  — — 105 04 05
Background 01 0.2 0.1 1.1 1.0 1.0
Signal modelling (incl. PDF) 0.1 01 03]30 17 18
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JGlu

Measured Cross sections

UNIVERSITAT Mainz

Z —evte Z =
Events 1,360,680 + 1170 (stat) £ 760 (syst) 130 (lumi) | 1,727,700 4 1320 (stat) 4= 950 (syst) 4+ 160 (lumi)
C 0.554 % 0.003 (tot) 0.706 %+ 0.006 (tot)
agd [pb] 778 + 1 (stat) =4 (syst) +5 (beam) + 16 (lumi) 774 + 1 (stat) 6 (syst) £ 5 (beam) £ 16 (lumi)

LTT (L10T) ZO£TdIHT

/5 [TeV] 13 8 7

pr > 25 GeV 20 GeV 20 GeV

Ine| < 2.5 2.4 2.5

lyee| < - 2.4 -

Myy 66-116 GeV | 66-116 GeV 66-116 GeV
Extrapolation E | - 0.941 £ 0.001 (PDF) | 0.898 £ 0.001 (PDF)
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Single ratios at given Vs
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LTT (£102) TOLT d3HT

ATLAS ATLAS
13 TeV, 3.21b" 8 TeV, 20.2 fb™
"I data + total uncertainty PI¥ data + total uncertainty
| data * stat. + exp. uncertainty | data + stat. + exp. uncertainty
| data+ stat. uncertainty | data * stat. uncertainty
A ABM12 ——h—— A ABM12 —_——h
¥ CT14 + - : ¥ CTia + L
H NNPDF3.0 —_— H NNPDF3.0 —
® MMHT14 — ® MMHT14 ——
O ATLAS-epWZ12 —_—O— O  ATLAS-epWZ12 —_{—
O HERAPDF2.0 —+—] [0 HERAPDF2.0 =
(NNLO QCD, inner uncert.: PDF only) (NNLO QCD, inner uncert.: PDF only)
L L L L I 1 L L L I L L L L l 1 1 I L 1 1 1 I L 1 1 L I L L L L 1 I L L 1 L J L 1 L L I L L L J L 1 Il I 1 L L L l L L
0.7 0.8 0.9 1 o 1.1 f.L.2 0.3 0.35 0.4 0.45 t ?.5 ?‘655
o© / o ol / ol
ff(13TeV) ' ~Z(13TeV) fi(8Tev) " ~ Z(8TeV)
T I T T T T | T T I T T T I T T T T T T T
ATLAS
7 TeV, 4.6 b
"I data + total uncertainty
| data * stat. + exp. uncertainty
| data =+ stat. uncertainty
A ABM12 ———
¥ CTi4 - ¢
| ] NNPDF3.0 ———
® MMHT14 —_—
O  ATLAS-epWZ12 ——O——+
O HERAPDF2.0 —_-— 1
(NNLO QCD, inner uncert.: PDF only)
1 I L 1 L L l 1 L L L I L L 1 L I 1 1 L L J 1 L 1
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ti(7Tev) — Z(7TeV)
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Single ratios at different Vs
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IIIIII\IIIIIIIIII\IIIIIIIIII\I III\IIIIIIIII T T T I T T I T I T II T T I T
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13 TeV, 3.2 1b" 13 TeV, 3.2 10" g
0 data = total uncertainty PV data + total uncertainty [y
| data * stat. + exp. uncertainty | data + stat. + exp. uncertainty ~
| data =+ stat. uncertainty | data * stat. uncertainty 8
A ABM12 A ABM12 ﬁ
¥ CT14 ¥ CTi4 o
H NNPDF3.0 H NNPDF3.0 5
® MMHT14 ® MMHT14 :
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0 data = total uncertainty
| data * stat. + exp. uncertainty
| data =+ stat. uncertainty
A ABM12
¥ CT14
Il NNPDF3.0
® MMHT14
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[0 HERAPDF2.0
(NNLO QCD, inner uncert.: PDF only)
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Single ratios at different Vs
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T T T T I T T T T
ATLAS
8 TeV, 20.2fb™
13 TeV, 3.2 fb"
"I data * total uncertainty
| data * stat. + exp. uncertainty
| data+ stat. uncertainty
A ABM12
¥ CT14
H NNPDF3.0
® MMHT14
O  ATLAS-epWZ12
O HERAPDF2.0

(NNLO QCD, inner uncert.: PDF only)

| 1 L L 1 1 L

1 I 1
2 2.5
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ATLAS -
7 TeV, 4.6 b I
13 TeV, 321" L
PI¥ data + total uncertainty [y
| data + stat. + exp. uncertainty N
| datat stat. uncertainty 8
A ABM12 Ak ',3
¥ CTi4 o
[
H NNPDF3.0 ~
® MMHT14 :
HKOH O  ATLAS-epWZ1i2 :
HH 0 HERAPDF2.0 =
(NNLO QCD, inner uncert.: PDF only)
L 1 1 1 L 1 1 I L 1 L 1 L 1 L I L L L 1 I L 1 I 1 1 L 1 L L
3 3.5 4 4.5
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fi(13TeV) "~ 1i(8TeV) fi(13TeV) fi(7TeV)
T I T T T T I T T T T I T T T T I T T T T T T T T T T I T T T T I T T T T
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7TeV,4.614b"
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"I data * total uncertainty
| data * stat. + exp. uncertainty
| data+ stat. uncertainty
A ABM12 |
¥ CT14 L |
H NNPDF3.0 |
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(NNLO QCD, inner uncert.: PDF only)
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Double ratios
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ATLAS ATLAS —
7 TeV, 4.6 fb’ 7 TeV, 4.6 fb” I
13 TeV, 3.2 1b" 8 TeV,20.21b™ g
|7 data = total uncertainty PI¥ data + total uncertainty =
| data * stat. + exp. uncertainty | data + stat. + exp. uncertainty ~
| data+ stat. uncertainty | data * stat. uncertainty S
A ABM12 A+ A ABMI2 ™ ~
V¥ CTi4 —— ¥ cCT14 w 8
H NNPDF3.0 HElH+ H NNPDF3.0 m ]
® MMHT14 HO—+ ® MMHT14 Y :
@) ATLAS-epWZ12 O+ O  ATLAS-epWZz12 O :
[0 HERAPDF2.0 - — 0 HERAPDF2.0 ]
ENNLO QCP, inner unlcert.: PDFlonIy) | | | (NNLO Ci)CD, inner uncert.: PDFlo | | |
1.6 1.8 2 2.6 2.8 3 0.7 0.8 0.9 1.2 1.3 1.4
tot tot tot tot
tH(13TeV) , ~t(7TeV) f(8TeV) , ~t(7TeV)
fid fid fid fid
OZ(1aTev)  OZ7(7Tev) OzeTev) Oz(7Tev)
| T T T ‘ T T T I T T I T T T I T T T I
ATLAS
8 TeV, 20.2fb™
13 TeV, 3.21b"
"I data * total uncertainty
| data * stat. + exp. uncertainty
| data+ stat. uncertainty
A ABMi12 (o
¥ CTi4 (]
B NNPDF3.0 b
® MMHT14 o
O  ATLAS-epWZ12 O
0 HERAPDF2.0 H
(NI\IJLO QCD, inl?er uncert.: PIDF only) I | |
14 1.6 1.8 22 2.4 26
tot tot
tf(13TeV) tf(8TeV)
fid fid
OZi1aTev) Oz(gTev)
DIS 2017 - Markus Zinser 35




