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Standard Model Production Cross Section Measurements
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Standard Model Production Cross Section Measurements Status: Nov 2015
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& Without the high luminosity and outstanding performance of the accelerator

chain, the results shown here would just not be POSSIDIE cus integrated Luminosity, pp, 2015, 75— 13 Tev
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Jets

@ QCD: very successful theory tested over decades in many experiments

& A deeper understanding of the jet production allow us to better understand
# Scale uncertainties (important in many measurements)

# Hadronization and fragmentation effects
& Typically, jet cross-section measurements are also important to validate the

detector/trigger/reconstruction chain (first measurements at each new energy)
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& Double-differential cross-section for inclusive
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@ Measurement so far restricted to R=0.4 jets and only the central rapidity bin
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Inclusive Single
Boson Production

o Cross-section measurements and ratios are sensitive to PDFs

# Used to constrain PDFs - important for other LHC measurements

@ Measurements made for electrons and muons in fiducial cross-section (also
extrapolated to total cross-section measurements)

@ Measured cross-sections (and ratios) compared to theoretical predictions from

different PDF sets
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o Z selection:

a p.(8) > 25 GeV, [n(d)] < 2.5

e
ATLAS

13 TeV, 81 pb”
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PN data + total uncertainty

data + stat. uncertainty

I
A ABMI12
v CTidnnlo
#0060 < m({ﬁf‘) <116 GeV m NNPDF3.0
e MMHT14nnlo68CL PR
A ATLAS-epWZ1i2nnlo
1 HERAPDF2.0nnlo —_—— T T
. . T (O T L T T
o \\V selection: 12 122 124 12 128 13 138 134 faiﬂ_sm o’
Ow ¢ ow R, =cfd / gfid
wZz w z
4 p (2) > 25 GeV, |r]([)| < 25 PN data + total uncertainty
T | data* stat. uncertainty
A ABM12
v CTidnnlo
NNPDF3.0
s MET > 25 GeV, m_> 50 GeV .
A ATLAS-epWZ12nnlo
©]  HERAPDF2.0nnl
: : T 94 96 98 10 102 104 106 10.8
@ Good agreement with theoretical predictions ol / ol
. 1.15— > ’:“-03- : BT )
= — v
a - ATLAS luminosity @ experimental uncertainties g 30} ATLAS
3 11 43 TeV, 81 pb”’ [ experimental uncertainties 3 o5 13TeV, 81 pb’
% = @ MMHT14nnlo68CL | &, ) 5,7
~ 1.05 — [ | NNPDF3.0 R [CIW—uv p
8 — v CTi4nnlo 15[ I Muttijet
ol 1 A ABM12 = Mz
o) A ATLAS-epWZ12nnlo w E“Jéwb ;
~ = 0 HERAPDF2.0nnlo o IERESBn e
0.95— } (inner uncert.: PDF only) ]
L .0
- =] 1.2
0.9 % i - --.-.qutﬁﬂ#t
— - + + 8 0,9 d .
- W W W Z 8 0'% 50 80 100 10 0"
0.85 m, [GeV]
Enrique Palencia (Oviedo) SM + Top (ATLAS, CMS) — IMFP 2016 April 4, 2016 9/48




CMS Prerxmxnary ( 43 pb'(13 TeV) ) CMS Freliminary 43 pb'(13 TeV)
B T T T T T T T T T T T T T T T T T T T
| Observation Theory: FEWZ (NNLO) | Observation Theory: FEWZ (NNLO)
Uncertainty Observation: NNPDF3.0 Uncertainty Observation: NNPDF3.0
NN PDF!!. 1] NN PDFS 0
6.06'F, = 4487 =t
CT14 CT14
6.06 > = 4497552 F—st+H
M MHT2014 M MHT2014
6.04°77 | e | 44877 ——H
ﬁBM12LHC ABM12LHC
BTy FH 44677 s
HERAPDF15 HEFD\PDF15
6107 = 45108 ——H
[|nn|e| uncartairty: PDF anly) | I | {inner uncerta myIF'DIF iy} A | I
5.6 58 6.0 6.2 4.2 4.3 4.4 4.5 4.6 4.7
GmtJGtm 101/510
wr Tz
CMS Preliminary 43 pb (13 TeV) CMS Freliminary 43 pb (13 TeV)
T T T T T T T — T — T
| Observation Theory: FEWZ (NNLO) | Observation Theory: FEWZ (NNLO)
Uncertainty Observation: NNPDF3.0 Uncertainty Observation: NNPDF3.0
NNPDF3.0 NN F‘DF3 D
1055, o ——H 1354 | |
CT1a CT14
1055 5 ——e—H 13500 a0 P
M MHT2014 M MHT2D14
1053} H——H 1348 ——
ABM12LHC ABM12LHC
10.56 teH 137150
HEFMPDF15 HEF[APDF15
10615 A 1353} e |
finner uncartai myIPDFumy: | | [inmar unluarl nIy F'I}F Iy) | |
10.0 10.5 1.25 1.30 1.35

& Cross-section ratios in agreement with NNLO
@ CMS: Z-ppu updated with full dataset
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@ Proof of principle and quantitative validation  ,,cMSeeimnay s=7Tev a7}
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(a) t- channel (b) s- channel (TGC vertex) (c) gluon fusion (d) Higgs boson production

Inclusive Diboson

q Z q 4 q Z

—_—T— NN +
\ \
Z/y
—_— -

q 4 g 7 q

o WW, WZ, ZZ, Wy, Zy
o EWK precision measurements with higher order corrections
& Explore new final states never observed before

& Searching for SM breakdown — new physics beyond SM
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@ Selection: 4 OS leptons (e'ee’e, e'e 'y, W'uu'N)
s CMS: p_(Z, 1) > 20 GeV, p_(Z, {2) > 10 GeV

60 < M(Z, ) < 120 GeV

a ATLAS: p_(Z, 1) > 20 GeV; 66 <m(Z, ) < 116 GeV

& Fake background measured from data

@ CMS (ATLAS) observes 36 (63) events
with 0.1 (0.62) expected bkg

o(NNLO) = 16. 5+

& Statistics main uncertainty
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@ Selection: 3 leptons (e*e*u*, p*ue®)

a W: p_(W, £1) >20 GeV, MET > 30 GeV
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@ Consistent with NLO prediction: 0% o = 42.77,% pb

& Dominated by systematic uncertainties
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o Similar selection

s p(W, {1 and £2) > 20 GeV

s m(f) > 12 GeV

a MET > 20 GeV

# Other vetos: jet, Z, third lepton, top
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@ Good agreement with NNLO (no Higgs = WW): o(NNLO) = 59.81%::1% pb
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Top Physics
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& Top quark pairs are produced via QCD production

-%m< s

Gluon fusion (85%) qq annihilation (15%

& Single top quarks are produced via EWK

interaction

t channel

; tW channel >V\,‘<
;ﬁ s-channel
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& BR(t =» WDb) =1 = top quark decay is driven by the decay of the W

Top Pair Decay Channels
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Top pair production
cross sections

I
-V Tevatron combined 1.96 TeV (L = 8.8 fb1) . Mar 2016 —|
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& Stringent test of pQCD predictions
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o Rediscovery — precision
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\s [TeV]
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& Useful as probe for new Physics! 10

IIII|

pp = X - tt 2
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ATLAS-CONF-2016-005

@ Dilepton (e-mu) channel o . .
G 20000 ATLAS Preliminary ® Data 2015 =

_ _ W 18000 - s =13 TeV, 320" E {/E/tPOWhngrPY —

@ Fit o(tt) and €_using number of b-tagged jetsicooE B3 Zujets 3
140003— mm Mis-ID lepton _f

. 12000 o . . AMCORLOsHWs

s Jets with p_> 25 GeV and |n|< 2.5 oo —— | e Powheg+HW++ 7

T = -~ Powheg+PY radHi 3

bkg 8000;_ ;—- Powheg+PY radLo_;

0 bk 4°°°- E

N2 p— L{TtEEE!'—L CbEb —I_ N2 g 2000;— —;
E—— -~

# Profit from statistics to

some systematics

0

1.5

constraint in-situ

-
| [ A AR AR

MO AL AL AL L L A N

MC/Data
T
ll"ll"""ll H"""L

& Largest uncertainty: hadronization, luminosity

Enrique Palencia (Oviedo)
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2.2 fb' (13 TeV)

*g | CMS e'ut + > 2 jets - Data
. g}‘ 0000 -_Freﬁminary [ | t
& Dilepton (e-mu) channel 3 _ wm Non W/Z
: . ° VV + 1tV
& On top of the dilepton selection: J i g [ tW -
% 5000 m Iy —> et
s 2 2 jets with with p_> 30 GeV Z '
and |n|< 2.4
0
4 2 1 b-tag jet Q14
3
@ Simple and robust cut and count B I —
technique
o (17)= N guia— N pig 0 = 793 + 8 (stat) = 38 (syst) = 21 (lumi) pb
A-€-BR | drL

@ Largest uncertainty: NLO generator, JES, lepton Id CMS-PAS-TOP-16-005
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& No exclusion at the top mass threshold Moo~ Misp = My, from direct searches

because (in part) stop becomes indistinguishable from top

& Stop quark events would produce final states very much ttbar like

pPp — 'ﬁ: T—t YO Moriond 2016

'; SOO:I I | T T | T 11 | L | T T T | T T T | T T T | T T T | T I:

8 450 f_CMS Preliminary | — Observed ----Expected _f

T yonf —SUS-15-002, O-lep (HF™), 2.3 fb™! (13 TeV) ]

g 400~ 8US-15-003, 0-lep (Myy), 2.3 fb” (13 TeV) =

- —SUS-16-007 HPTT, O-lep stop, 2.3 fb™' (13 TeV) .

350 —SUS-16-007 HETT, 0-lep stop, 2.3 fb™ (13 TeV) E

- —SUS-16-002, 1-lep stop, 2.3 fb™ (13 TeV) .

300 G E

& Everything that produces ttbar could 250 E

“in principle” be seen as an excess of 200~ E

. 150 —

ttbar events = differences between 3 .

100F -

theoretical calculations and measuremer b .

S -]

ﬂ We Can Set IimitS based On the ttbar .OEI | I': | | I I | | I I | | | I | | | I | | :l :' il I | | | IE

t d . |d d rt . t 8 9 ' 300 400 500 600 700 800 900
X | nd un inti

expected yields and uncertainties m. [GeV]
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95% CL limit on signal strength

- Mo w S
— (&) Mo o w n B O
[T T T[T T I T[T T T[T TTT[TTTT[TTT

o
n

Lo

arXivi1603 02303

CMS

19.7 fb” (8 TeV

LI
— Observed 1o,

me Expected
I Expected t1o

exp

Expected 2

exp

|IIII|IIII|IIII|III'|_-_.--

Enrique Palencia (Oviedo)

: T >, m@,)=1GeV

ﬂ | I | | (I | I 11 1 1 I 11 0 1 I | I | I_

50 160 170 180 190 200
m: [GeV]

SM + Top (ATLAS, CMS) — IMFP 2016

T [
: ATLAS -
- = Observed 1|
- \s=8TeV, 20.3fb i
| REEEERE EKPEﬂtE-'d :t 1 E.d. mi[;. = 1 GEU -

]

Expected £ 2 s.d.

—_— NLO+NLL prediction

B PR PN IO 2 WO ATl B SEAPTE Datre BrRh
180 190 200 210 220 230
m- [GeV]
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Differential top
pair production

measurements




@ Why?
# Extensive test of pQCD
# Help to constrain PDF and some MC parameters
# The huge amount of data collected in allow us to do it!

Normalized Differential Cross
@ How? Section: Master Formula

s Use a tight event selection to have a pure tt sample  Fuleliy unfuld[s;“ — bf‘)

# Top quark kinematic reconstruction EH ’ E ﬂ‘f : fﬂdf

# Background subtraction
# Apply corrections (detector acceptance, resolution) — unfolding techniques

# Compare to theory predictions at parton or particle level

Enrique Palencia (Oviedo) SM + Top (ATLAS, CMS) — IMFP 2016 April 4,2016 28/48




& Kinematic reconstruction algorithm, measure

top and tt observables at parton level

@ Results compared with several perturbative QCD  —¢ |

calculations found to be broadly in agreement

@ Top p_ better described at NNLO m - Stat

CMS Preliminary 22" (13 TeV)
r‘ 1 0_1 E_ T T T T | LI T | T T T T | LI | T T T T I T ig
> - Dilepton e Data
) i — Powheg v2+Pythiag 1
lg ol m  Approx. NNLO JHEPO1 (2015) 082 |
—_ 10 A Approx. NELO PRD 91 (2015) 031501 3
-g _8- ¥ NLO+NNLL' arXiv:1601.07020 :
o #  NMLO 2016 prelim ., arXiv:1511.00549

10°F

- 1.5 —  Stat. @ Syst.
S |=
o |@
I-E (]
T . 1
@ Jet multiplicity measured in both channels
b _2 | : . 3 L 1 L 1 1
o5 TE ATEAw L TEIINAN:S CMS Preliminary 221t (13 TeV) 0 100 200 300 400p‘ [g%OV]
T L . 7] E I I I I I E
-l L — i 5 o F o : . E T
: L add. jetp, 225 GeV - .8 Z‘2 - Dilepton p=> 30 GeV, | <2.4
0L il 1B L * Data _ i CMS Preliminary 22" (13 TeV)
E 3 1—|D E —— Powheg V2+Py'lhl‘.38 — LN L I O B B O N B L I B B B B
= —. 9 F --—-- Powheg v2+Herwig++ ] '> F Dilepton
L - - 1L -~ - MG5_aMC@NLO+Pythia8 [FxFx] | © 102k ¢ Dala 4
[ ep-channel = ey e MGS_aMC@NLO-+Pythiag [MLM] 3 O i —— Powheg v2+Pythia8
1 0_2 E_ — Powhegi-PylhigB = L y o E‘: L ¥ NLO+NNLL' ariv:1601.07020
E T_- g;%l?ﬁl[giw;gn.':g++ = 107 E -D"D 10° E + NNLO 2016 prelim., arkiv:1511.00549 3
L ---.Powheg+Pythia8 | i ] 1o i ]
_3| -mData 2l i i ]
10 g E 3 10 :F 3 101E | E
| I P 4 F 3
1.4F mmstat | | | | | : +
% 1.9E — Stat.+Syst 1.4 :—-'Stat. ) i ____'____! — _5'_ - ]
= P—————— =~ 1o L Stat®Syst. [T ] 1078, | | el C ]
g 08~ S 14 Fmm Stat. ' ' -
ey - <la Y Lttt - 10 | Stat. @ Syst.
O ; : 4 £ i 5 E -
D B B oo b - -
06 E : . = 0.8
- 0.6 & . . . . -
Njets 400 600 800 1000 1200 1400 1600

ATL Number of additional jets : 3 i
AS-CONF—2O15-065
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@ Analytic solution for neutrino momentum,
find best top candidates by mass constraints
& Measure top and tt observables at parton and 80

particle level
2.31b"' (13 TeV)
‘;' = CMS l+jets particle —*— data
© - Preliminary [ sys @ stat
& [ stat.
B — MG5_aMC@NLO P8 [FxFx]
g 1 = MG5_aMC@NLO P8 [MLM]
Yy S — - Powheg P8
€ F =23 T MO AMOGNLO P8
hat B e e a
8 a T MG5_aMC@NLO H++
Tqo! = —
: —_———
107°
> = : ' ' .
S % 1.4 I — |
E -01-21 --"_—;::mimimirﬁ.‘m-m-.ﬂ
0.8 0 100 200 300 400 500
p_(t) [GeV]

CMS-PAS-TOP-16-008

@ Overall good agreement with NNLO

Enrique Palencia (Oviedo)

SM + Top (ATLAS, CMS) — IMFP 2016

23" (13 TeV)

140 .
D CMS l+jets parton —*— daia
|l Preliminary s p [ sys @ stat
120 [ sfat.
© L ——— MG5_aMC@NLO P8 [FxFx]
100 B 1= - MG5_aMC@NLO P8 [MLM]
— = Powheg P8

— - Powheg H++
---- MG5 aMC@NLO P8
MG5_aMC@NLO H++

0 1 2 3 >=4

additional jets
2.317 (13 TeV)

= 10 F
S = CMS I+jets parton —¢— data
8 - Preliminary [ sys @ stat
o 1 = [ ] stat
= S — - Powheg P8
g E —— ---- MG5 _aMC@NLO P8
-8 =10~ = —= — = NLO+NNLL' arxi: 1801.07020
o =
» ———
107% g
'I['_]_:3 = 1 | ] | | ]
>
E -lg 1.2 ] — _-_——__—_—_—__——__—_—_:___—_—_—__——__—_—_:
Zlo 1 ——
. 0.8
400 600 800 1000 1200 1400 1600 1800 2000

M(tf) [GeV]
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Top pair production
In association with
a vector boson

& Expected small SM cross sections (~200 fb @ 8TeV) but probe for BSM

& Test top quark coupling to bosons

& Background for ttH and BSM searches

SM + Top (ATLAS, CMS) — IMFP 2016 31/48

April 4, 2016
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@ ttW: select events with (b) jets and 2 or 3 leptons (one same-sign pair)

& ttZ: select events with (b) jets and 3 or 4 leptons (one Z —» ¥ candidate)

& Diboson backgrounds from control regions

a8 WZ: 31, 1 Z candidate, 3 untagged jets
87748 2 Z candidates, low MET

T T
~  ATLAS Preliminary

Events

# Daia I - [ivd
- 15=13TeV, 321" W Wz
Post-Fit Frd | [
102 = WZ W
= B Ciher Fake Ie-pl:nnsE
; /////f*"f///f// Uncertainty
g
-E-E
a

O92+030(stat)+0 11 (syst.) pb

1.38 +£ 0.70 (stat.) = 0.33 (syst.) pb

Enrique Palencia (Oviedo)

Events

! Pred.

Data

107

10°

10

I I I
ATLAS  Preliminary

# Dai I-EIZ =
15=13TeV, 32 15" W mwz =
Post-Fit Frd | [

IWZ Mt
B Cribver Fake leptons 5
FrEvrs Uncertainty =

SM + Top (ATLAS, CMS) — IMFP 2016

31.11? ﬂ.a? Lzebdlszdtaeb@ ?QE'QSF IH‘SF&? GFJLDF&:
NLO: o5z = 0.76 = 0.08 pb

NLO: ciw = 0.57 £0.06 pb
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@ Select events with 3 or 4 leptons and at least 2 jets

& Data-driven estimates for non-prompt leptons, control regions for WZ and ZZ

_ o _ _ CMS Preliminary 2.7 fo (13 TeV)
@ Binned likelihood fit to all categories, w0771 7 T 1 T 1
- -
. . . 74
including nuisance parameters 0 80| 3 leptons |
1 A P
700 B vz

# Jet and b-jet multiplicities exploited to Y

enhance the signal over bkg ratio

CMS Preliminary 2.7 (13 TeV)
»n _F | ]
€ 6 -
) B 4'“3 tCHWS _*_Daul ] yﬁgw
0 P iz : o
o [rare ]
I X
a4l " Y24 b
31 .
2F * -
& Significance: 3.1 expected, 3.6 observed

2i(=0b 2i(>1k
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ATLAS+CMS Preliminary LHCfopWG

[f Vil = v(;meas from single top quark production
theo

Gineo: NLO+NNLL MSTW2008nnlo
PRD83 (2011) 091503, PRD82 (2010) 054018,
PRD81 (2010) 054028

Ao, scale ® PDF

My, = 172.5 GeV

t-channel:
ATLAS 7 TeV'
PRD 90 (2014) 112006 (4.59 fb™')

ATLAS 8 TeV
ATLAS-CONF-2014-007 (20.3 fo™)

CMS 7 TeV
JHEP 12 (2012) 035 (1.17-1.56fb™")

CMS 8 TeV
JHEP 06 (2014) 090 (19.7 fb™")

CMS combined 7+8 TeV
JHEP 06 (2014) 090

CMS 13 TeV I

e

o

Her
et

March 2016

—t—+—
total theo

[f.\V| £ (meas) * (theo)

1.02 £0.06 +0.02
0.97 £0.09 +0.02
1.020 £ 0.046 £ 0.017
0.979 +£0.045 £ 0.016

0.998 +0.038 +0.016

CMS-PAS-TOP-15-004 (42 pb™)

ATLAS 13 TeV
ATLAS-CONF-2015-079 (3.2fb™")

Wt:
ATLAS 7 TeV
PLB 716 (2012) 142-159 (2.05fb™")

CMS 7 TeV
PRL 110 (2013) 022003 (4.9 fb™)

ATLAS 8 TeV ()
ATLAS-CONF-2013-100 (20.3fb™")

CMS 8 TeV'

PRL 112 (2014) 231802 (12.2b™")
LHC combined 8 TeV '*
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

s-channel: :
ATLAS 8 TeV? ; .t

arXiv:1511.05980 (20.3 fb™')

i 1.12+0.24 £0.02

1.03£0.11£0.02

1.03 %514 0.03

+0.16 +0.03
1.01 -0.13 -0.04

1.10+0.12+0.03
1.03+£0.12+0.04

1.06 £0.11 £ 0.03

0.93 %018+ 0.04

Wt:
ATLAS 8 TeV ™
JHEP 01 (2016) 064 (20.3 fb™")

(*) Superseded by results shown below the line
oo e by by oy b

1.01+£0.10 £0.03

1
2

including top-quark mass uncertainty
including beam energy uncertainty
coeo e ey

0.4 0.6 0.8 1
|fLVvtb|

Enrique Palencia (Oviedo)

1.2

1.4 1.6 1.8

Single Top

@ Test the EW couplings, PDF, th

Inclusive cross-section [pb]

10°

ATLAS+CMS PreliminaryLHCIOPWG = A1LaS tehannel .

Single top-quark production
March 2016

t-channel

i

PRD90(2014) 112006, ATLAS-CONF-2014-007,
ATLAS-CONF-2015-079

® CMSt-channel 1
JHEP12(2012) 035, JHEP06(2014)090,
CMS-PAS-TOP-15-004 -1

O ATLAS wt
PLB716(2012) 142, JHEP01(2016) 064 -1

CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802

* LHC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

ATLAS s-channel
ATLAS-CONF-2011-118 95% C.L.,
arXiv:1511.05980

¥ CMS s-channel
arXiv:1603.02555 95% C.L.

=== NNLO PLB736(2014) 58
my= 1725GeV, MSTW2008nnlo
scale uncertainty

=== NLO+NNLL PRD83(2011) 091503,
PRD82(2010) 054018, PRD81(2010) 054028
my,,= 172.5GeV, MSTW2008nnlo
Wt: T contribution removed
scale ® PDF @ o uncertainty

—— NLO NPPS205(2010) 10, CPC191(2015) 74
m,= 1725GeV, n = W=m,
CT10nlo, MSTW2008nlo, NNPDF2 3nlo (PDF4LHC) 7|
Wt: p: veto for tf removal= 60 GeV

and n= 85 GeV
- scale uncertainty

scale ® PDF & o, uncertainty

1shs je)

All exp. results are w.r.t. m_= 172.5GeV

SM + Top (ATLAS, CMS) — IMFP 2016
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Vs [TeV]
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. . o e 231" (13 Tev)
& Signal extraction CMS-PAS-TOP-16-003 3 o 173 O gy OMS Prlimnay  go.
# MVA based on 11 kinematic variables g SRRl &

# Binned likelihood fit on the MVA output

# Bkgs with similar templates grouped together -

1 08-06-04-02 0 02 04 06 08 1

-1 -08-06-04-02 0 02 04 06 08 1

# Simultaneous fit to the signal region (2j1t) +++++Ti:i‘ S — Be—
and to the two bkg regions (3j1t, 3j2t) ’ !
we W
:
b h
@ Total uncertainty of 14.8%. Main systematics: 2 ;anzais'p;afm{ngw' ' "'us:la%e{a 321 ]
s Signal modeling, JES, b-tagging, PDF g =ide ]
i
@ ATLAS
# Binned maximum likelihood fit on a NN E ‘
# Total uncertainty of 21% . 5 0 0% o o° I?i?outpu:
# Similar dominant systematics M
Enrique Palencia (Oviedo) SM + Top (ATLAS, CMS) — IMFP 2016 April 4, 2016 35/48




@ Rare process, grows much slower with ECM than other

top production modes q - t

& Binned likelihood fit on the ME discriminant (ATLAS) and
MVA output (CMS) v b

@ Main systs: JES, generator (CMS only), b-tagging

iv: 02555
Phys.Lett B 756 (2016) 228 arXiv:1603.

Muon, 19.7 fb (8 Te‘-.") 2|et52 tags

o 150 . . . Ly OO0 e 3
5 [ o Data-background ATLAS 7 5 1800 _: e Data
& e \s=8TeV,203f" - S CMsS 3 [)s channel
100} 777 Poeti bikg. unpestalinty Signal region - 2 1600 ~ [t channel
« [ - S 1400 3 Otw
& | “ 1200 qEt
& 50— | 1000 E WZ+jets
\b 7 Ll 1 @W+jets
QI)A - -J-_n ! ; x iz s e 800 —: .D|b050n
5 551 7 ), V) 600 — [Multijet
:“ . T | - 400 - [)Syst. unc.
[ - 200 NRate syst.
_50 | | | 1 J
0.0002 0.0018 0058  0.102 0.187 1

-8.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0O _0.05

(8TeV]—134+73pb

5 chan,

=4.8+0.8(stat.) ", (syst.) pb

s chan.
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Top Properties

& Decay before hadronization
(probe bare quark) and before
spin decorrelation (predicted by
QCD)

o Access to 'bare' quark
properties through decay
products

o Properties sensitive to new
physics
# L ook at spin, charge, FCNC...

Enrique Palencia (Oviedo)

ATLAS+CMS Preliminary LHCfOpWG

tt asymmetry

ATLAS l+jets H—eH
arXiv:1509.02358

CMS l+jets template H-eH
arXiv:1508.03862

CMS l+jets h—e—H
arXiv:1507.03119

Theory (NLO+EW)

PRD 86, 034026 (2012)

\s=8TeV Sept 2015

0.009 = 0.004 + 0.005

0.003 = 0.003 + 0.003

0.001+ 0.007 + 0.004

0.0111+ 0.0004

ATLAS |+jets boosted

(M >0.75 TeV && A ly|| < 2)

tt
ATLAS-CONF-2015-048

Theory (NLO+EW)

JHEP 1201 (2012) 063

0.043 O.OI19 + 0.026

0.0160 + 0.0004

SM + Top (ATLAS, CMS) — IMFP 2016
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@ Asymmetry defined with decay leptons and reconstructed tops

Ac = N(Aly| >0) = N(Aly| < 0) alep _ N(B[n¢| > 0) = N(Ae| < 0)
N(Aly| > 0) + N(Aly[ < 0) © N(Alnel > 0) +N(Alnel <0) o
@ Dilepton channel: 2 OS leptons, =2 jets, 21 b-tag qoZ'ZBTCI'VIS' _:l"ff('&% +EW)"°5“‘
.06 N
& Top reconstruction using matrix weighting technique 004 4 1 .
o.ozf— I |
@ Differential measurement in m(tt), |y(tt)| and p_(tt) O*JL """""""" 1 """"""" :
A_ = [1.1+ 1.3 (stat+syst)] % oo 7 .
SM pred: (1.11 + 0.04)% 0045500800 1000 1200
A =[0.3 + 0.7 (stat+syst)] % &0 o
SM pred: (0.64 + 0.03)% ool O

o Asymmetry in highly boosted top quarks ~3

!

0

& Results in agreement with SM predictions

-0.1

I
|

0.2 |
5075 0.75-09 09-13 >13
m. interval [TeV]

April 4, 2016
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19.7 fb ' (8TeV)

= CMS

- Preliminary

Events x 10°/

& Semi-leptonic ttbar channel

o Asymmetries based on T-odd triple

I+jets channel

—— Data

I SM i
] SM non-tt
[ 1o, Stat.+Syst.

products (T is the time-reversal operator) 0, 197 1" (8 TeV)
. . 3'_9' SF - —4— tt events + 1o (stat.+syst.)
4 F| rSt t| me' I_('nj o[ —— Before background subtraction
< = Estimated background
@ CP violation if non-zero value of 't }
0 T e e A e B
N Nevents (Oi > U) — Nevents (Oi < U) 1k
ACP (OI) B Nﬂﬂfﬂts (Oi = U) + Nﬁ:mts (Of < U) oF
0,
Arp (O;) e+jets +jets +ets
O, —0.01 £0.61 £0.01 +0.5040.56 £+0.02 §+0.27 +0.41 £+ 0.01
Os —0.344+0.61 £0.02 —-1.034+0.564+0.04 |—0.714+0.41 +0.03
Og —0.24 +£0.61 =0.02 —0.49+0.56 +0.04 |—0.38 +0.41 £ 0.03
Oy —042+0.61 £0.00 +0.46+0.56+0.01 §}—0.064+0.41 £0.01
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Top Mass

— 1 I I I I I I 1 1 | 1 I I I I I : B II 1 1 | 1 1 I I I I.
> — : -]
L o o I my world comb. + 1 |

8 — 68% and 95% CL contours ) m = 173.38 Gev ]
— 80.5 — I fitw/o M,, and m, measurements | -- o=076GeV - —
EE L fit w/o M,,, m and M, measurements || —c=076@ 0.50,y . GeV d
0 direct M,, and m, measurements : ! i - _

80.45 — ' ) R —

80.4

& Fundamental parameter of the SM

— My, world comb. + 1o

+
: <
b
\i‘/ 8
| |1 N ‘
1 0 Y

80.35 — m,, =80.385 + 0.015 GeV
& Precise knowledge of Mo crucial sos F
. C o, g
for testing the SM so2s [ .5 Y fitterlo
C I/’I 1 1 - I | | | | | 1 1 | 1 I_
140 150 160 170 180 190
m, [GeV]
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@ World combination reaching a precision of 0.5 GeV (<0.3%)

& Precision limited by understanding of hadronization modeling

& Different ways to improve

o Use cleaner observables

# Avoid jets

& Use theoretically calculable

observables sensitive to the mass
# o(tt), m(lb)

& Constrain modeling systematics

Enrique Palencia (Oviedo)

ATLAS+CMS Preliminary LHCIOpWG my, summary,is = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Migp = 173.34 £0.76 (0.36 + 0.67) GeV Mep: total (stat syst) 5 Ref.
ATLAS, l+jets (*) 172.31+1.55 (0.75+ 1.35) 7TeV ]
ATLAS, dilepton (*) 173.09+1.63 (0.64+ 1.50) 7TeV [2]
CMS, I+jets 173.49+1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton 172.50+1.52 (0.43+ 1.46) 7TeV [4]
CMS, all jets 173.49+1.41 (0.69+1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29+ 0.95 (0.35+ 0.88) 7 TeV [6]
World comb. (Mar 2014) 173.34+ 0.76 (0.36+ 0.67) 1.96-7 TeV [7]
ATLAS, l+jets 172.33£1.27 (0.75£ 1.02) 7 TeV [8]
ATLAS, dilepton 173.79+1.41 (0.54+1.30) 7TeV [8]
ATLAS, all jets 175.1+1.8 (1.4+£1.2) 7 TeV [9]
ATLAS, single top 172.2+2.1 (0.7£2.0) 8 TeV [10]
ATLAS comb.(}‘fj’;é";ﬁ_ 172.99+ 0.91 (0.48+ 0.78) 7TeV [8]
CMS, l+jets 172.35+0.51 (0.16+0.48) 8 TeV [11]
CMS, dilepton 172.82+1.23 (0.19+1.22) 8 TeV [11]
CMS, all jets 172.32+0.64 (0.25+ 0.59) 8 TeV [11]
CMS comb. (Sep 2015) 172.44+ 0.48 (0.13+0.47) 7+8 TeV [11]
[1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
[2] ATLAS-CONF-2013-077 [8] Eur.Phys.J.C (2015) 75:330
[3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
(*) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
shown below the line : [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-022
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& Select events in the main leptonic top quark decay where the b-quark decays

viab-=> Jy+X-> p'uy+X

B=/Bl.,/

b.:lr}fiiln ,

@ Very small BR = statistically limited (for now)

# 666 events = stat. unc. of 3.0 GeV

& But no use of jets to build observable
a Avoid JES/bJES

#a Systematic uncertainty < 1 GeV

s Limited by top p_ modeling, QCD scales

Enrique Palencia (Oviedo)
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& More general version of J/y analysis

@ Sensitivity to M from leptons (e/u) and via decay

lengths of charged hadrons (from b-quark decay)

a Stronger sensitivity to M without inclusion of jets

& Semileptonic and dileptonic channels

& Invariant mass of lepton and secondary vertex used

as observable (in bins of SV--track multiplicity)
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& Experimental uncertainties <500 MeV
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@ Dominant systematic: top quark p_and b-quark fragmentation

Enrique Palencia (Oviedo)
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& Dilepton channel

& The transverse momentum of the lepton pair from the decay of the top quark pair is
8 TeV

“CcMS

Simulation

0.18

a.u.

chosen to extract the top quark mass
0.16

& Clean but overwhelmed by QCD scale unc. o014

0.12

& Based on LO Madgraph (Run | MC) o

# Expected to improve using NLO+PS 0.08
0.06 ME/PS Up

NLO
---Scale Down
- Scale Up
--Topp,

@ After the calibration with simulated events

=
@ Signal modeling is the dominant S qaf- —
S OO s
systematic uncertainty E‘ L S
= 50 100 150 200 ] 250
= p_(I') [GeV]
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& Analyses targeting alternative topologies can give further insights, e.g. pure EW

production

2 jets
(1 b-tag)

@ JES main systematic uncertainty

Events / 2.5 GeV

| ATLAS Preliminary

Vs = ETeUIdata -
Best fit: m,_ = 172.2 £ 0.7 (stat.) GeV ° ,
Single-top t-channel signal ;
tf signal

- ATLAS—CONF'ZOM_O%

Background
+*

17133 17267 174
m,,, [GeV

o [GEV]

120

140

m(lb) [GeV]

my = 172.60 £ 0.77 (stat)

dataMC
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& Extract M from production cross section

& Calculate mass dependence at NNLO

Fo= -
-

19.7 fo! (8 TeV)

I = == =

5.0 fb" (7 TeV)

170 171 172 173 174 175 176 177 178
m, [GeV]

m}*° =173.81 1% GeV

PDF set: NNPDF3.0 (consistent results with
CT14 and MMHT2014)

Cross-section [pb]

T T
350 — MSTW 2008 NNLO _
L — — MSTW 2008 NNLO uncertainty _|
-~ —— CTI10 NNLO
=« CT10 NNLO uncertainty
——— NNPDF2.3 NNLO
300 — . NNPDF2.3 NNLO uncumafnl}f

O \s=7TeV, 46 }wm

250}

I]||IJ|||J|I

mPe = 172.9722 GeV

PDF sets: MSTW2008, CT10, and NNPDF2.3

& Main systematics (for both experiments): PDF, luminosity
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& Both ATLAS/CMS have a very comprehensive program in SM and Top physics

# Great coverage over the full spectrum

@ Most of the results shown today have been released very recently
# |n time for the winter 2016 conferences
# And many with the full 13 TeV dataset

@ In general, good agreement between experiments

# Discrepancies are under investigation

& So far, no significant deviation with respect to the SM has been observed

# But we will keep testing the SM in all its corners!
& Stay tuned!!! More results are just around the corner
http://cms-results.web.cern.ch/cms-results/public-results/publications/

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Thank you

for your

attention!
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