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Drell-Yan production
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/TeV precise Z/W cross sections

(s+73)/(@+d) (NNLO), Q2 =1.9GeV?

Eur. Phys. J. C 77 (2017) 367

Z/W inclusive and
n differential cross sect.
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unsuppressed strange sea.

Meanwhile included in
Global fitters.

- Globally consistent but
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- Compatible with CMS DY

dominates due to precision
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Good agreement with Powheg+Py8 with CT10,

m(ll) dependent NNLO QCD + NLO EWK k-factor (FEWZ)
and pT(ll) and y(ll) dependent angular coefficient
corrections at NNLO (DYNNLO)
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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Unfolded 3D DY cross sect.
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0 £ ATLAS ¥ Data E
3 008 \5-8TeV,20.1f0" ITotal unc. —
% 0.07 High rapidity e channel ¥ Prediction =
S E 66 <mg, <80 GeV 3
ngw 0.06; 2.8<\yee|<3.6 =
> = 4
S, 0.05 =
£ E =
S 0.04 66 < m(ll) <80 3
0,03 =
0.02F=" 3
0.01; - é
0: 1 | L 1 L 1 | E
% 1'2_'I"\"I“‘\"\“‘I"‘\“'I TTTT]
S Tl selsnniag
E (O R RPN I I IV I I A 0
o -1 -08 -06 -04 -02 0 02 04 06 0.8 1
cos6*

In electron channel up
to y(ee) =3.6:

Most sensitive to 6 ,
(small dilution)

Ulla Blumenschein, DIS 2018, Kobe

= B e e I e I = LR e B I B I I I I IR RS
8 L ATLAS ¥ Data ] 8 o ATLAS ¥ Data .
2 1 1s=8TeV, 20.1 fo' { Total unc. 7 2 P \s=8TeV, 20.1 o' I Total unc.
& [ High rapidity e channel ¥ Prediction - > 1.4 High rapidity e channel ¥ Prediction —
3 08" 80 < m,, <91 GeV B S . 2: 91 <m,, < 102 GeV ]
kel O isl a0
CR - 28<ly,l<36 80 < m(ll) < 91 ER E 28 <ly, <38 91 < m(ll) < 10Z
=) o =) 1= =
S o/ M ] . 8 E PR
04f - 06 T L 3
C ] 0.4 =
0.2— — E 3
L 1 0.2— =
obt | L ! L I L O: I I ! ! L | L
g T S A R A R A R A R e g I {=any [ I B I T T ]
S R b B S i B P
5 (ORI P I B I B S I P B 5 (SR R P B B I B A I P B
o -1 -08 -06 -04 -02 0 02 04 06 0.8 1 a -1 -08 -06 -04 -02 0 02 04 06 08 1
coso* coso*
= 04T T T T T T T = T T T T T T T T
3 - ATLAS % Data 8 002 AtLas % Data E
2 L 1s=8TeV,20.1 o’ I Total unc. 2 002 \s-g8Tev,20.1 b ! Total unc.
= 0.08~ High rapidity e channel ¥ Prediction £y 0.018" High rapidity e channel ¥ Prediction =
S L 102 <mg < 116 GeV 9 0.016 116 <m,, <150 GeV -
° -2 X ° £ 2. X =
agﬁ 006 8<ly,l<36 «z‘;jo.om; 8<ly,l<36 3
% r % 0.012F S
g L 102 < m(ll) < 116 oot E
0.04— E 3
r ooost. 116 <m(ll) < 150 E
r 0.006 - =
0.02 0.004 3
0k| PR B B 1 | 1 PRI B | 1 P 1 E
kol I S e e e R A AN AR R R kol T T AR RERS
© - 8
e L] ST = L
8 O e L I T T T T D 8 RPN PN R EPRP I
o -1 -08 -06 -04 -02 0 02 04 06 08 1 o 0O 02 04 06 08 1

cos@”

cosb*

15

17/04/18




Unfolded 3D DY cross sect.

0.8

T T T T T T T — [T T T T T pn [y T T T T p
E # Data it ER3 E
0.6F . 4F 1k E
Central+Forward °5F 889 Praiion {3 3 ]
02F —h ER3 —— ER E
E — i — it —a— 3
o —— =1 F —— 4 F —_— -]
04f =13 1F 3
-0.6[- High rapidity e channel amas 4 B El 3
O —_— 0— E12<lyl<16 \s=8Tev,20.1f6"  fF 16<ly,[<20 J | 20<ly,l<24 E
>0-8_I 1 1 1 1 1 1 1 | il | 1 1 1 1 1 1 1 = O 1 1 1 1 1 1 1 =
! < oef —s —— E
OF + 0B 04E —— 1k ;
0.2 = E
E —— EQ: - E
oF — 1F — E
0.2F 3 F E
= ——— J F ]
-0.4F 1 Es =
06f iF 3
Foa<ly |<28 ] F 28<ly_|<36 E
-0.8F L L L L | - ) A | | | ) -
70 80 90 100 110 120 130 140 150 70 80 90 100 110 120 130 140 150
Mg [GeV] mee [GeV]

Measurements available in hepdata:
https://www.hepdata.net/record/77492
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W+/W- +jets cross sections

_do(WH/dyw  u(x)d(xp) + c(x)s(xp) + 1 © 2
5 do(WH)/dyw  d(x)u(x) + s(xp)c(xn) + 1 © 2

O ATLAS, 8TeV data (2012) .
O W: pT(e), MET>25GeV, mT> 40GeV g .E aTLas WE ev) +jets |
0 Jets: pT> 30GeV, |y|<4.4 o 202 Bt S uncert
O Top bkg small due to b-veto 10°E p . 30 GeV, W o (ALPGEN:FYE)
O Jet bkg 3-15% for W+0/1/2 jets 10° - |y™| < 4.4 et corcr
Q Precision: 5-16% for W+0/1/2 jets 103 B Top quark

a JES, JER 10 '

O Unfolding 185
Q Precision, ratio: 0.7-4% for 0/1/2 jets e

O Jet background 10°

Q MET 10°E

a JER 8 14F -

Q 12 N

2 Publish unfolded cross section E osE E
> Ratios W+/W- T T
- Sensitivity to PDF, in particular u/d N
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W+/W- +jets cross sections

Cdo(WH/dyw  u(xp)d(x) + c(x)5(x) + 1 & 2
5 do(WH)/dyw  d(x)u(x) + s(xp)c(xn) + 1 © 2

O ATLAS, 8TeV data (2012) : -
Q W: pT(e), MET>25GeV, mT> 40GeV Program gfng ) hi:li:;:n;rder PDF set
a Jets: pT> 30GeV, |y|<4.4 New NNLO 1 oTia
O Top bkg small due to b-veto
a Jet bkg 3-15% for W+0/1/2 jets
0 Precision: 5-16% for W+0/1/2 jets SrEUrismmes  NLO- - L 2ees CHO

Q JES, JER MCFM 6.8 NLO 1 CT10

a Unfolding - amore
Q Precision, ratio: 0.7-4% for 0/1/2 jets powerPyma 8 NLO 1 s

0 Jet background SHErPA 2.2.1 NLO 2 CT10

O MET

o JER StErea 2.2.1 LO 2(3) NNPDF 3.0
> Publish unfolded cross section, Arpaex+Prma 6 LO : o
> Compare with selected predictions AtemsHimwe | LO s CTEQeL1
> Ratios W+/W- (LO)
2 Sensitivity to PDF, in particular u/d Surrea 1.4.1 LO 4 CT10
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W+/W- +jets cross sections

Cdo(WH/dyw  u(xp)d(x) + c(x)5(x) + 1 & 2

T do(WH)/dyw  d(xpu(x) + s(x))e(x) + 1 o 2

U Ooo000 0

L 2

ATLAS, 8TeV data (2012)
W: pT(e), MET>25GeV, mT> 40GeV
Jets: pT> 30GeV, |y|<4.4
Top bkg small due to b-veto
Jet bkg 3-15% for W+0/1/2 jets
Precision: 5-16% for W+0/1/2 jets
o JES, JER
a Unfolding
Precision, ratio: 0.7-4% for 0/1/2 jets
O Jet background
O MET
O JER

Publish unfolded cross section,
Compare with selected predictions
Ratios W+/W-

Sensitivity to PDF, in particular u/d

10’

'R AR B g 10’
E = ATLAS Simulation ]
= [is=8Tev,202fb" 15 10°
O 1080-10jets ;
e U 10
(&) L
S 10t
o 10° = -
qC) E —— =_— 3
i C o iy _ 10
- .
10° .J. B 10°
- 10
Lol ] Lol | Lol L 1
10 10° 1072 10" 1

Momentum fraction x

2]
—
c
o

>
L
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W+/W- +jets cross sections

Analysis not optimized
for inclusive W precision
0.7% unc. on W+/W- ratio

lepton |n|

— L e e A M — T T =
= - ATLAS \s=8TeV,20.21b" 3 = SE ATLAS \s=8TeV,20.21b" 3
kel - L _ — = - -k = =
X E (W +20jets)(W- +20jets)  2MrkJets, R=0-4 E 5 E (W21 jets) (W 2 1jets)  2Mirkiets, R =04 3
S — P >30GeV, |y |<44 - S il P >30GeV, |y |<4.4 3
S 6F : = S e ; :
L 55_ /& Data —=— PWHG+PY8 3 T s - /8 Daa —=— PWHG+PY8 E
+§ = SHERPA 1.4 LO —4— ALPGEN+PY6 = ;\? = SHERPA 1.4 LO —4— ALPGEN+PY6 3
% 4 ALPGEN:HERWIG = % 4E —x— ALPGEN:HERWIG =
© E E © = =
- + - = E + - =
i W* /W : o W*/W ;
25—_Q—0—0—++++ P 25_ b
1:_ v v N N . . —: 1_— . _:
E inclusive E = W+jets E
0= P R R S R (= P T R B B
© E e © E T+
S 11E —= S 11E =
=) E = o E
= E = = E P - . = 2 OGP
8 o.s; = —=3 3 0_; = Sads 5
o E | I | | = o E P T H T R TP EE T
s E T T T T = < E I e B L IR
5 1.1 i_ —= 5 11 = . —
T O.JE E 3 L E -
= e . 1 . . = = E . . . . E
.‘E Tttt P L I s s [ sy e
© © E =
= B U U S G S = I N SN . v, v, .
3 1 =t 3 1% 3
2 o9 3 S 09F E
o Ev v v b v v vy by by g o Evo v v v by v v b by
0.5 1 1.5 2 25 0 0.5 1 1.5 2 2.5
Dressed electron In| Dressed electron fn|

Good modeling by generators, asymmetry potentially sensitive to PDF
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W+/W- +jets cross sections

W+jets, pT(W)

= . LI B T T L B B
8 10 ATLAS WH(— e*v) +=1jets
= 6 J 4 /®/, Data
) 10 \s=8TeV,20.2%b Ny NNLO
z - 10 anti-k,jets, R = 0.4 e BH+S Excl. Sum
o jet 30 GeV jet 4.4 —m— BH+S
T g, Pr 7o0GeV.ly I<4 —¥ SHERPA22.1NLO
S P P SHERPA22.1LO
CRIRY; . SHERPA 1.4 LO
‘!«* —4— ALPGEN+PY6
107 0, —— ALPGEN+HERWIG
e I
10 + =
W 4
kﬁ‘¥
1 =8
4 P
10 P
“,110:::::}:::} —— } ———+ 5
E - N _E
© ogE wE g =
S 0BE- ., ... | | A \\\\\ S
8 qg BT L T T e o
© = E
o 125 .
Q .
; 1 %%ég
B 08 Bl N w e Al L L Z
o 06 - | o T bbb LLLhLt ==
E 1-4_IIII|IIII|IIII|\III|IIII|IIII|IIII|III\
© E e 4 -
S B AN g
B osf & A7z
o 0-6:_IIII|IIII|IIII|IIIIlIIIIlIIII|IIII|III\_:
0 100 200 300 400 500 600 700 800

W boson P, [GeV]

/ ch'/deW

W
T

doW*/dp

Pred./Data Pred./Data Pred./Data

- 4> " +21] —
8 B (WH +2>1 jets)/(W- +2 1 jets) pfl > 30 GV, ijetl a4 2
- //®/ Data =®— N, NNLO 7
I~ S BH+S Excl. Sum —m— BH+S ]
6 | —%— SHERPA221NLO «ee:-- SHERPA 2.2.1 LO ]
L SHERPA 1.4 LO —4— ALPGEN+PY6 o
= —k— ALPGEN+HERWIG -
41— _|

—_
g

o
©

—
-

o
©

i

o
T 7T

L L I L L LR B AL AL B
\s=8TeV, 202"
anti-k, jets, R = 0.4

ATLAS

W /W

3
T. ////V/%/%/“..

| | | | | | | | | | | | | IJ | | —L ﬂ [ }/ E
W o IS 77 7 2 % 7
£ 4 7
E_I 1 11 | I 111 | 1111 | I 111 111 }/I ///}//I// // I/E
0 100 200 300 400 500 600 700 800

W boson P, [GeV]

NNLO/NLO fixed order and LO ME+PS consistent with data, some trends
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Ssummary

O Measurements of the Drell-Yan production of W and Z/gamma*
provide a benchmark of our understanding of perturbative QCD
and probe the proton structure in a unique way.
O Most precise measurement at 7TeV now included in global
fitters. Globally consistent, pulls strange sea in opposite direction
to vs->lc data towards unsuppressed strange sea.
O New set of high precision measurements at 8 TeV:
O Precise triple differential cross-section measurement as a function

of MIL, dilepton rapidity and cosf* -> sensitivity to the PDFs and
the Z forward-backward asymmetry, AFB
O W+/W- ratios now as well in W+jets, as a function of

several observables
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Appendix
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Appendix

o
dmygedyeed cos 9* zm(J(S

Z Py | fyx1. Q) (2. 01 + (g & )]

P, —e[)e (l+COS 0")

2m2,(m%, — m?%)
+ eteqg——— ; »t’t’ eg 22 5 3 [vevg(1 + cos? §%) + 2apag cos 0" |
sin” Gy cos® by [(my, — m3)* + [om5]
iy, 2, 2,2, 2 2 "
s — [(af - v[)(aq - vq)(l +¢0s” 6) + Bagveagvg oS 6 |

sin® Gy cos4 9W[(m%£ - m.%)2 - l"%m%

o

o= _
dmyeed|yeeld cos 6
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Appendix

= 4000 1 3 g |l g 8000
e F ¢ Data Ozy »w 4 S Ozy - 4 = - ATLAS ¢ Data Ozy >
E 3500 s =8 TeV, 20.1 fo' 2y - ee [WFake lept. 3 g E \s=8TeV, 20.1 fo' Ozv* - ee [lFake lept. 3 g 25001 {s=8TeV, 20.1fb" Oz - ee [@Fakelept. -
c L High rapidity e channel N Pred. unc. [llvy—>ee = _ High rapidity e channel N Pred. unc. [llvy—>ee = [ High rapidity e channel N Pred. unc. [llvy—>ee -
w 3000:_ 66 < m,, < 80 GeV [Moiboson [ Top quark 0 C 91 <m, <102 GeV [ Top quark 7 A - 116 < m,, < 150 GeV @oiboson [ Top quark 1
E = = = 2000 ¢
2500 - E . - ]
2000F- = - E 1500 E
1500 3 — - C ]
F ] C B 1000— <
10005 = ~ = :
- ] B ] 500
5001 - - -
ok - 0 - 0
5 12K e ..‘.H.,. 5 ST T e e e 5 1_2...|H“...|...“H,..|.‘T[‘..|...‘H,
o 11 o A 2 TN N
| 4\\\\3&&w SN S U N W\x
- ) - = ] N\
% 0.8 blumluml...\..ul’.» % 8...|‘.w...|...mu| .Hm..l...\u. % [0X:] AP I I AT Hm.l...\u.
S 2 3 - 1 3 -1 -0.8 -0.6 -0.4 -0.2 02 0.4 0.8
Yeo coso* coso*
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Appendix

Process Generator Parton shower & Generator Model parameters
underlying event PDF (“Tune”)
Z|y* — e Powheg v1(r1556) Pythia 8.162 CT10 AU2 [62]
Z|y* = 1T Powheg v1(r1556) Pythia 8.162 CT10 AU2
vy — Pythia 8.170 Pythia 8.170 MRST2004qged 4C [63]
tt Powheg v1(r1556) Pythia 6.427.2 CT10 AUET?2 [64]
Wit Powheg v1(r1556) Pythia 6.427.2 CT10 AUET?2
Diboson Herwig 6.520 Herwig 6.520 CTEQ6L1 AUET?2
W — v Powheg v1(r1556) Pythia 8.162 CT10 AU2

Ulla Blumenschein, DIS 2018, Kobe
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Bin mee lveel cos 0 stat SGIE. SREE shM. sBXE sTY. sscl srey sreg sl siniE samidskfac szRE SPAE stot

[GeV] (%] (%) (%] (%) (%] (%] (%) (%] (%) (%] (%) (%) (%] (%) [%] (%)
1 46, 66 0.0.0.2 —1.0, —0.7 6.7 2.4 3.4 3.1 1.9 5.2 0.5 0.7 0.5 2.5 0.7 0.2 0.0 0.9 0.2 10.6
2 46, 66 0.0,0.2 —0.7, —0.4 2.3 0.8 1.2 0.9 1.1 2.0 0.2 0.2 0.5 2.7 0.9 0.0 0.0 0.0 0.1 4.7
3 46, 66 0.0,0.2 —0.4, 0.0 1.4 0.5 0.9 0.4 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.0 2.9
4 46, 66 0.0.,0.2 0.0, 4+0.4 1.4 0.5 0.8 0.5 0.9 0.9 0.3 0.1 0.3 1.9 0.3 0.0 0.0 0.0 0.1 3.0
5 46, 66 0.0.0.2 —+0.4, 4+0.7 2.2 0.8 0.9 0.9 1.1 2.0 0.2 0.1 0.5 2.6 0.8 0.0 0.0 0.0 0.1 .5
6 46, 66 0.0.0.2 —+0.7,+1.0 6.7 2.3 4.8 3.1 1.8 4.9 0.9 0.5 0.5 2.6 0.7 0.1 0.0 0.9 0.2 10.9
79 66, 80 0.2,0.4 —1.0, —0.7 2.7 1.3 0.5 0.7 0.5 1.6 1.5 1.1 0.6 3.7 1.2 0.1 0.0 0.3 0.2 5.6
80 66, 80 0.2,0.4 —0.7, —0.4 1.3 0.6 0.4 0.3 0.3 0.3 0.4 0.4 0.3 1.7 0.4 0.1 0.0 0.0 0.0 2.5
81 66, 80 0.2,.0.4 —0.4, 0.0 1.3 0.4 0.4 0.3 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.0 0.0 0.0 0.0 1.6
82 66, 80 0.2,.0.4 0.0, +0.4 1.2 0.5 0.3 0.4 0.3 0.1 0.3 0.1 0.1 0.7 0.2 0.1 0.0 0.0 0.0 1.7
83 66, 80 0.2,0.4 +0.4, 4+0.7 1.4 0.6 0.3 0.3 0.3 0.3 0.6 0.2 0.3 1.7 0.4 0.1 0.0 0.1 0.0 2.6
84 66, 80 0.2,0.4 +0.7,+1.0 2.7 1.4 0.4 0.7 0.4 1.6 2.8 1.0 0.6 3.8 1.2 0.2 0.0 0.3 0.1 6.1
157 80, 91 0.4,.0.6 —1.0, —0.7 0.6 0.3 0.0 0.1 0.0 0.1 1.4 0.3 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.6
158 80, 91 0.4.0.6 —0.7, —0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2
159 80, 91 0.4.0.6 — 0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.1
160 80, 91 0.4,.0.6 0.0, +0.4 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.2
161 80, 91 0.4,.0.6 +0.4, 4+0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2
162 80, 91 0.4.0.6 —+0.7,+1.0 0.6 0.3 0.0 0.0 0.0 0.1 1.6 0.2 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.7
235 91,102 0.6,0.8 —1.0, —0.7 0.5 0.2 0.0 0.1 0.0 0.0 2.1 0.2 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.5
236 91,102 0.6,0.8 —0.7, —0.4 0.4 0.2 0.0 0.0 0.0 0.0 1.3 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.5
237 91, 102 0.6,0.8 —0.4, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1
238 91, 102 0.6,0.8 0.0, +0.4 0.3 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 1.1
239 91,102 0.6.0.8 +0.4, +0.7 0.4 0.2 0.0 0.0 0.0 0.0 1.2 0.0 0.1 0.5 0.2 0.0 0.0 0.1 0.0 1.4
240 91,102 0.6.0.8 +0.7, +1.0 0.5 0.2 0.0 0.1 0.0 0.1 2.1 0.1 0.3 2.6 0.5 0.0 0.0 0.2 0.0 3.4
313 102,116 0.8,1.0 —1.0, —0.7 2.8 1.2 0.6 0.8 0.5 0.7 2.1 0.9 0.2 1.4 0.3 0.1 0.0 0.1 0.0 4.3
314 102,116 0.8,.1.0 —0.7, —0.4 2.6 1.2 0.2 0.5 0.2 0.9 2.3 1.0 0.0 0.4 0.2 0.0 0.0 0.1 0.1 4.0
315 102,116 0.8,.1.0 — 0.4, 0.0 2.0 0.8 1.6 0.3 0.2 0.2 1.0 0.3 0.1 0.3 0.1 0.1 0.0 0.0 0.0 2.9
316 102, 116 0.8.1.0 0.0, +0.4 1.8 0.7 0.1 0.2 0.2 0.1 0.9 0.5 0.1 0.3 0.1 0.0 0.0 0.1 0.1 2.2
317 102, 116 0.8.1.0 +0.4, 4+0.7 2.3 1.0 0. 0.4 0.2 0.7 1.7 1.3 0.0 0.4 0.2 0.1 0.0 0.0 0.1 3.5
318 102,116 0.8.1.0 +0.7,+1.0 2.3 1.0 0.2 0.6 0.3 0.6 2.1 0.6 0.2 1.4 0.3 0.0 0.0 0.0 0.1 3.8
391 116, 150 1.0,1.2 —1.0, —0.7 4.8 1.0 2.8 1.8 1.3 5.1 0.2 0.4 0.1 0.4 0.2 0.1 0.0 0.0 0.1 8.0
392 116, 150 1.0,1.2 —0.7, —0.4 3.5 0.9 0.4 0.7 0.7 0.6 0.6 0.1 0.1 0.3 0.2 0.1 0.0 0.2 0.1 3.9
393 116, 150 1.0,1.2 —0.4, 0.0 3.1 0.8 1.3 0.4 0.5 0.8 0.6 0.1 0.1 0.4 0.2 0.1 0.0 0.0 0.2 3.7
394 116, 150 1.0,1.2 0.0, +0.4 3.0 0.8 0.6 0.5 0.4 0.9 0.6 0.2 0.1 0.4 0.2 0.1 0.0 0.1 0.0 3.5
395 116, 150 1.0,1.2 +0.4, 4+0.7 2.8 0.7 0.5 0.5 0.5 0.4 0.6 0.4 0.1 0.3 0.2 0.1 0.0 0.1 0.1 3.2
396 116, 150 1.0,1.2 —+0.7,+1.0 3.7 0.8 2.2 1.1 0.8 3.4 0.4 0.2 0.1 0.4 0.2 0.1 0.0 0.0 0.1 5.7
469 0, 200 1.2.1.4 —1.0, —0.7 11.9 1.4 2.0 3.6 2.2 1.5 0.4 0.3 0.1 0.5 0.3 0.1 0.0 0.0 0.2 12.9
470 50, 200 1.2.1.4 —0.7, —0.4 6.6 0.8 1.0 5.9 1.6 0.9 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.1 9.2
471 150, 200 1.2,.1.4 —0.4, 0.0 6.6 1.0 3.1 1.9 1.0 0.4 1.0 0.1 0.2 0.6 0.3 0.2 0.0 0.0 0.1 7.8
472 0, 200 1.2,.1.4 0.0, +0.4 5.3 0.9 0.8 0.9 0.6 0.2 0.6 0.2 0.2 0.6 0.3 0.2 0.0 0.1 0.0 5.6
473 50, 200 1.2,.1.4 —+0.4, 4+0.7 4.4 0.6 0.5 1.9 0.7 0.4 0.9 0.2 0.1 0.5 0.3 0.1 0.0 0.0 0.0 5.0
474 0, 200 1.2.1.4 +0.7,+1.0 7.6 0.9 1.1 2.3 1.1 0.7 0.3 0.2 0.1 0.5 0.3 0.2 0.0 0.0 0.1 8.3




Bin  mee  lyeel  cos0® SRRt SRS sunf omie olof ofu oIS, ofSy ol efny srsp okl lF sl of edderfyc oZBr oES stot
[GeV] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%]
1 66, 80 1.2,1.6 —1.0, —0.7 6.4 3.0 6.0 4.5 0.9 11.5 0.4 0.6 3.1 .1 0.2 .8 0.3 0.0 0.7 0.0 0.0 0.8 0.6 16.0
2 66, 80 1.2,1.6 —0.7, —0.4 16.4 .7 .0 9.9 0.5 11.4 0.5 1.2 5.8 .5 0.1 .2 0.1 0.0 0.8 0.0 0.0 0.8 0.3 26.0
3 66, 80 1.2,1.6 —0.4, 0.0 — — — — — — — — — — — — — — — — — —
4 66, 80 1.2,1.6 0.0, +40.4 - — - - - - - - - - - - - - - - - - — -
5 66, 80 1.2,1.6 +0.4,40.7 15.7 8.0 .7 7.9 0.5 10.7 0.8 3.8 5.5 0.1 .1 0.1 0.0 0.8 0.0 0.0 1.6 1.4 24.1
66, 80 1.2,1.6 +0.7,4+1.0 7.9 3.3 8.8 5.8 1.6 15.3 0.7 0.7 2.3 2.9 0.2 0.8 0.3 0.0 0.7 0.0 0.0 0.9 0.3 20.9
19 66, 80 .4,2.8 —1.0, —0.7 3.4 2.2 1.4 2.8 0.3 3.4 2.5 0.7 4.3 5.2 0.2 1.6 0. 0.1 1.4 0.0 0.0 2.4 0.2 10.1
20 66, 80 .4,2.8 —0.7, —0.4 2.2 1.3 0.8 1.6 0.3 1.1 1.2 0.6 3.1 3.9 0.1 0.8 0.2 0.0 1.3 0.0 0.0 0.5 0.1 .4
21 66, 80 2.4,2.8 —0.4, 0.0 2.3 1.0 0.8 1.4 0.2 1.5 0.4 0.2 0.9 0.3 0.1 0.5 0.2 0.0 0.8 0.0 0.0 0.1 0.0 3.6
22 66, 80 2.4,2.8 0.0,+40.4 2.8 1.2 1.5 1.9 0.4 2.0 0.4 0.5 1.3 0.3 0.1 0.5 0.2 0.0 0.7 0.0 0.0 0.3 0.1 .7
23 66, 80 2.4,2.8 +0.4,40.7 2.7 1.6 1.3 2.3 0.4 1.7 1.6 0.2 4.0 6.0 0.1 0.8 0.2 0.0 1.4 0.1 0.0 1.1 0.2 8.8
24 66, 80 2.4,2.8 +0.7,41.0 4.2 2.7 3.4 3.7 0.7 5.5 2.8 0.9 4.9 6.5 0.2 1.6 0.4 0.1 1.4 0.0 0.0 3.6 0.3 13.2
73 91,102 2.0,2.4 —1.0,—-0.7 0.9 0.6 0.2 0.3 0.0 0.8 0.8 0.1 1.9 0.1 0.2 0.8 0.2 0.0 1.2 0.0 0.0 0.8 0.1 2.9
74 91,102 2.0,2.4 —0.7,—-0.4 0.5 0.3 0.0 0.2 0.0 0.7 0.9 0.1 1.5 0.2 0.0 0.4 0.1 0.0 0.8 0.0 0.0 0.1 0.1 2.1
75 91,102 2.0,2.4 —0.4, 0.0 0.7 0.3 0.1 0.4 0.0 0.6 0.6 0.1 1.7 0.1 0.0 0.2 0.1 0.0 0.7 0.0 0.0 0.1 0.0 2.2
76 91,102 2.0,2.4 0.0, +0.4 0.6 0.3 0.1 0.4 0.0 0.5 0.5 0.1 1.5 0.1 0.0 0.2 0.1 0.0 0.7 0.0 0.0 0.1 0.1 2.0
7T 91,102 2.0,2.4 +0.4,40.7 0.5 0.3 0.1 0.1 0.0 0.5 0.9 0.2 1.3 0.3 0.0 0.4 0.1 0.0 0.8 0.0 0.0 0.2 0.1 2.0
78 91,102 2.0,2.4 +0.7,4+1.0 0.9 0.5 0.2 0.3 0.0 0. 0.7 0.2 1.6 0.2 0.2 0.7 0.2 0.0 1.2 0.0 0.0 0.8 0.0 2.6
97 102,116 1.6,2.0 —1.0,—0.7 3.8 1.8 2.0 2.9 0.7 4.2 0.6 0.3 2.4 2.2 0.1 0.3 0.1 0.0 0.8 0.0 0.0 1.5 0.1 7.9
98 102,116 1.6,2.0 —0.7,—-0.4 4.4 2.1 2.0 3.4 0.3 3.6 1.2 0.6 2.1 1.2 0.0 0.2 0.0 0.0 0.7 0.0 0.0 1.5 0.2 8.0
99 102,116 1.6,2.0 —0.4, 0.0 - - - - - - - - - - - - - - - — - - - -
100 102,116 1.6,2.0 0.0, 40.4 - - - - - - - - - - - - - - - — - - - -
101 102,116 1.6,2.0 +40.4,40.7 3.3 1.5 1.6 2.1 0.2 2.2 1.0 0.7 1.7 1.0 0.0 0.2 0. 0.0 0.7 0.0 0.0 1.1 0.1 5.6
102 102,116 1.6,2.0 +0.7,4+1.0 2.6 1.4 1.3 1.5 0.3 1.9 0.3 0.1 2.1 1.0 0.1 0.3 0.1 0.0 0.8 0.0 0.0 0.9 0.2 .9
109 102,116 2.4,2.8 —1.0, —0.7 3.7 2.2 2.3 3.4 0.8 6.2 3.3 1.2 6.7 6.6 0.1 0.6 0.1 0.0 1.4 0.0 0.0 3.3 0. 13.7
110 102,116 2.4,2.8 —0.7, —0.4 4.2 2.3 1.0 3.7 0.3 3.3 1.4 1.2 5.5 4.2 0.0 0.2 0.1 0.0 1.2 0.0 0.0 2.0 0.2 10.2
111 102,116 2.4,2.8 —0.4, 0.0 3.9 1.9 1.5 4.5 0.2 4.6 0.7 0.9 2.3 1.2 0.1 0.3 0.2 0.0 0.7 0.0 0.0 0.9 0.2 8.5
112 102,116 2.4,2.8 0.0,+40.4 3.1 1.5 0.7 2.9 0.1 3.2 0.6 0.4 2.3 1.3 0.1 0.3 0.1 0.0 0.8 0.0 0.0 0.9 0.1 6.3
113 102,116 2.4,2.8 +0.4,40.7 2.7 1.6 1.1 1.7 0.2 1.6 1.2 0.8 4.0 2.1 0.0 0.2 0.1 0.0 1.2 0.0 0.0 1.4 0.2 6.5
114 102,116 2.4,2.8 +0.7,41.0 2.2 1.4 1.3 1.5 0.3 2.4 2.0 0.8 3.3 3.2 0.1 0.6 0.1 0.0 1.3 0.0 0.0 2.2 0.1 7
127 116,150 1.6,2.0 —1.0, —0.7 8.4 1.7 8.7 7.1 2.9 29.0 .2 0.4 1.8 1.2 0.0 0.1 0.0 0.0 0.6 0.0 0.0 0.7 0.2 32.5
128 116,150 1.6,2.0 —0.7, —0.4 7.6 2.0 4.2 9.0 1.3 8.6 0.6 0.2 0.3 0.5 0. 0.1 0. 0.0 0.6 0.0 0.0 0.5 0.2 15.4
129 116,150 1.6,2.0 —0.4, 0.0 — — — — — — — — — — — — — — — — — — —
130 116,150 1.6,2.0 0.0,+40.4 — - — — — — — - - - — - - - — —
131 116,150 1.6,2.0 +0.4,40.7 .4 1.2 3.1 3.8 .5 3. 0.2 0.1 .3 0.2 0.0 0.1 0.0 0.0 0.6 0.0 0.0 0.3 0.1 7.
132 116,150 1.6,2.0 +0.7,41.0 .9 0.9 5.5 2.5 .2 9.8 0.2 0.1 0. 0.2 0.0 0.1 0.0 0.0 0.7 0.0 0.0 0.5 0.1 12.3
139 116, 150 .4,2.8 —1.0, —0.7 16.3 2.9 11.4 14.0 5.4 29.3 1.3 0.5 5.4 1.7 0.1 0.3 0.1 0.0 1.1 0.1 0.0 1.3 0.3 39.1
140 116,150 .4,2.8 —0.7,—-0.4 7.5 3.0 7.5 7.3 1.2 10.7 0.2 0.2 1.2 1.4 0.0 0.2 0.1 0.0 0.9 0.0 0.0 1.6 0.3 17.2
141 116,150 2.4,2.8 —0.4, 0.0 6.0 1.7 3.8 5.6 0.5 6.8 0.2 0.1 1.8 0.5 0.1 0.4 0.1 0.0 0.6 0.1 0.0 0.9 0.1 11.6
142 116,150 2.4,2.8 0.0, +40.4 4.5 1.4 3.1 3.2 0.5 3.4 0.1 0.5 0.8 0.2 0.1 0.4 0.1 0.0 0.6 0.0 0.0 0.5 0.1 7.4
143 116,150 2.4,2.8 +0.4,40.7 3.8 1.4 2.4 2.4 0.4 3.3 0.3 0.3 0.9 0.7 0.0 0.2 0.1 0.0 1.0 0.0 0.0 0.9 0.1 6.
144 116,150 2.4,2.8 +0.7,4+1.0 3.3 1.0 1.7 2.0 0.7 3.8 0.7 0.2 1.8 0.6 0.1 0.3 0.1 0.0 1.1 0.0 0.0 0.2 0.1 6.




Bin  muu  lvpul cos0®  oRtat ST sUNE oDXE sTY, sl o3F srsy erse old, slUf skfac SZED SRST stot
[GeV] (%] (%] (%] (%] (%] (%] (%] (%) (%] (%] (%) (%] (%] (%] (%]

46, 66 0.0,0.2 —1.0, —0.7 5.4 2.0 2.1 1.5 0.5 0.2 0.5 0.6 0.3 0.3 0.7 0.0 0.5 0. 6.6

2 46, 66 0.0,0.2 —0.7, —0.4 1.8 0.7 1.1 1.2 0.0 0.0 0.1 0.1 0.2 0.2 0.5 0.2 0.3 0.2 2.7

3 46, 66 0.0,0.2 —0.4, 0.0 1.5 0.6 0.8 0.9 0.5 0.0 0.1 0.0 0.5 0.4 0.0 0.2 0.4 0.2 2.3

4 46, 66 0.0,0.2 0.0, 4+0.4 1.5 0.6 0.9 0.9 0.5 0.0 0.1 0.1 0.5 0.4 0.0 0.2 0.5 0.2 2.3

5 46, 66 0.0,0.2 +0.4, +0.7 1.9 0.6 1.2 1.2 0.0 0.1 0.1 0.4 0.2 0.2 0.5 0.2 0.3 0.2 2.8

6 46, 66 0.0,0.2 +0.7,+1.0 5.7 2.0 3.6 1.8 0.5 0.1 1.0 0.1 0.3 0.3 0.8 0.2 0.6 0.8 T.7

79 66, 80 0.2,0.4 —1.0, —0.7 2.3 1.1 0.5 0.6 0.7 0.1 0.7 0.4 0.2 0.2 0.3 0.0 0.0 0.1 3.0
80 66, 80 0.2,0.4 —0.7, —0.4 1.3 0.7 0.3 0.4 0.1 0.1 0.2 0.1 0.3 0.3 0.0 0.0 0.0 0.1 1.7
81 66, 80 0.2,0.4 —0.4, 0.0 1.4 0.7 0.4 0.3 0.2 0.1 0.2 0.2 0.4 0.4 0.0 0.1 0.1 0.3 1.8
82 66, 80 0.2,0.4 0.0, 4+0.4 1.4 0.7 0.3 0.3 0.2 0.1 0.1 0.2 0.4 0.4 0.1 0.1 0.1 0.2 1.8
83 66, 80 0.2,0.4 +0.4, +0.7 1.4 0.7 0.4 0.4 0.1 0.1 0.2 0.2 0.3 0.3 0.0 0.1 0.1 0.1 1.8
84 66, 80 0.2,0.4 +0.7,+1.0 2.2 1.1 0.4 0.6 0.8 0.2 0.7 0.1 0.2 0.2 0.3 0.0 0.0 0.3 3.0
157 80, 91 0.4,0.6 —1.0, —0.7 0.4 0.2 0.0 0.0 0.0 0.1 1.0 0.1 0.3 0.3 0.0 0.0 0.0 0.1 1.4
158 80, 91 0.4,0.6 —0.7, —0.4 0.4 0.2 0.0 0.0 0.0 0.2 0.6 0.1 0.4 0.4 0.1 0.0 0.0 0.0 1.1
159 80, 91 0.4,0.6 —0.4, 0.0 0.3 0.1 0.0 0.0 0.0 0.2 0.3 0.1 0.3 0.3 0.0 0.0 0.0 0.0 0.9
160 80, 91 0.4,0.6 0.0, +0.4 0.3 0.1 0.0 0.0 0.0 0.2 0.3 0.1 0.3 0.3 0.0 0.0 0.0 0.0 0.9
161 80, 91 0.4,0.6 +0.4, 4+0.7 0.4 0.2 0.0 0.0 0.0 0.2 0.6 0.0 0.4 0.4 0.1 0.0 0.0 0.0 1.1
162 80, 91 0.4,0.6 +0.7,+1.0 0.4 0.2 0.0 0.0 0.0 0.2 1.1 0.1 0.3 0.3 0.1 0.0 0.1 0.0 1.4
235 91,102 0.6, 0.8 —1.0, —0.7 0.4 0. 0.0 0.0 0.0 0.1 0.5 0.0 0.3 0.3 0.1 0.0 0.1 0.0 1.0
236 91, 102 0.6, 0.8 —0.7, —0.4 0.3 0.2 0.0 0.0 0.0 0.1 1.0 0.0 0.4 0.4 0.2 0.0 0.0 0.0 1.3
237 91,102 0.6,0.8 —0.4, 0.0 0.3 0.1 0.0 0.0 0.0 0.1 0.3 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.8
238 91, 102 0.6, 0.8 0.0, 4+0.4 0.3 0.1 0.0 0.0 0.0 0.2 0.3 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.8
239 91,102 0.6,0.8 +0.4, +0.7 0.3 0.2 0.0 0.0 0.0 0.2 1.0 0.0 0.4 0.4 0.1 0.0 0.0 0.0 1.3
240 91, 102 0.6, 0.8 +0.7,+1.0 0.4 0.2 0.0 0.0 0.0 0.1 0.5 0.0 0.3 0.3 0.1 0.0 0.1 0.1 1.0
313 102, 116 0.8,1.0 —1.0, —0.7 2.1 1.0 0.1 0.4 0.0 0.2 0.9 1.4 0.4 0.4 0.2 0.0 0.0 0.1 3.0
314 102, 116 0.8,1.0 —0.7, —0.4 1.8 0.8 0.0 0.2 0.1 0.2 1.8 0.3 0.3 0.3 0.2 0.0 0.0 0.0 2.8
315 102,116 0.8,1.0 —0.4, 0.0 1.7 0.7 0.0 0.1 0.0 0.1 0.4 0.6 0.3 0.3 0.1 0.0 0.0 0.0 2.0
316 102,116 0.8,1.0 0.0, +0.4 1.6 0.6 0.0 0.1 0.0 0.2 0.4 0.5 0.3 0.3 0.0 0.0 0.0 0.0 2.0
317 102,116 0.8,1.0 +0.4, 4+0.7 1.6 0.7 0.0 0.2 0.1 0.2 2.0 0.8 0.4 0.3 0.1 0.0 0.0 0.1 2.8
318 102, 116 0.8,1.0 +0.7,+1.0 2.0 0.9 0.1 0.3 0.0 0.2 0.8 1.5 0.4 0.4 0.0 0.0 0.0 0.0 2.7
391 116, 15 1.0,1.2 —1.0, —0.7 4.1 1.2 0.3 1.3 0. 0.1 0.5 0.3 0.5 0.5 0.2 0.1 0.0 0.1 4.8
392 116, 15 1.0,1.2 —0.7, —0.4 2.9 0.7 0.2 0.7 0.1 0.1 0.7 0.4 0.4 0.3 0.2 0.0 0.1 0.1 3.4
393 116, 15 1.0,1.2 — 0.4, 0.0 2.5 0.6 0.1 0.5 0.1 0.1 0.5 0.1 0.3 0.3 0.2 0.0 0.1 0.1 2.8
394 116, 15 1.0,1.2 0.0, 4+0.4 2.2 0.6 0.1 0.4 0.0 0.0 0.5 0.0 0.3 0.3 0.1 0.0 0.1 0.1 2.5
395 116, 15 1.0,1.2 +0.4, +0.7 2.3 0.6 0.2 0.5 0.0 0.0 0.4 0.3 0.3 0.3 0.0 0.0 0.1 0.0 2.6
396 116, 15 1.0,1.2 +0.7,+1.0 3.2 0.9 0.3 0.7 0.1 0.1 0.8 0.1 0.5 0.5 0.0 0.0 0.0 0.1 3.8
469 150, 200 1.2,1.4 —1.0, —0.7 11.1 1.5 1.2 2.9 0.1 0.3 2.7 0.5 0.7 0.5 0.2 0.1 0.0 0.1 13.6
470 150, 200 1.2,1.4 —0.7, —0.4 5.6 0.8 0.5 1.4 0.0 0.1 1.3 0.1 0.5 0.4 0.2 0.0 0.0 0.1 6.2
471 150, 200 1.2,1.4 —0.4, 0.0 4.6 0.6 0.3 0.9 0.1 0.0 1.0 0.2 0.4 0.4 0.2 0.0 0.0 0.1 5.1
472 150, 200 1.2,1.4 0.0, 4+0.4 4.1 0.5 0.2 0.7 0.1 0.0 1.1 0.0 0.4 0.4 0.1 0.0 0.0 0.0 4.5
473 150, 200 1.2,1.4 +0.4,40.7 4.0 0.5 0.2 0.8 0.0 0.1 0.8 0.2 0.4 0.4 0.0 0.0 0.0 0.1 4.3
474 150, 200 1.2,1.4 +0.7,+1.0 6.6 0.9 0.5 1.2 0.1 0.0 1.7 0.0 0.6 0.5 0.0 0.0 0.1 0.1 8.0




Appendix

oy do /dmy, §etat 55yt 5vet ghotal
[GeV] [pb/GeV] (7] (%] (%] (7]

46, 66 7.61 x 1071 0.2 0.1 0.9 0.9

66, 80 1.13 0.1 0.1 0.4 0.4

80, 91 21.4 0.0 0.0 0.2 0.2

91, 102 25.0 0.0 0.0 0.2 0.2
102,116 8.25 x 101 0.2 0.1 0.4 0.4
116, 150 1.64 x 1071 0.3 0.1 0.7 0.7
150, 200 3.66 x 102 0.5 0.2 1.3 1.4
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The ATLAS experiment

25m

forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker

LHC: proton synchrotron
Circumference: 27km
Center-of-mass energy: 13 TeV
40 MHz collisions (1 kHz recorded)
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