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Covered CMS top quark cross section results

Top quark pair (tt) t-channel single Top

g d d u

9 b t b t
- Sensitive to g(x), o, and m, —> Sensitive to u/d ratio
¢ TOP-17-001: inclusive ¢ TOP-17-011: inclusive
¢ TOP-18-004: triple differential ¢ TOP-17-023: differential

All analyses: * 2016 data at 13 TeV with L~36 fb!
¢ Using only leptonic top decays (t=>bW->blv)
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Inclusive tt cross section oy

v, ¢ o is extracted from template fit to
Pk final state distributions
Additional jet b W~
2%.:? ¢ Simultaneous fit of o and MC mass
parameter mM¢ to 3D distribution:
wﬁ ) — [#b-jets, #additional jets, m,,™"]
oWl b
=\
,FV

- Result:
o = 815+ 2 (stat) + 29 (syst) £ 20 (lumi) pb - ~4% unc.

mMC = 172.33 + 0.14 (stat) T3 (syst) GeV




Use measured oy to extract o, vs m{(m,)

& Fit NNLO prediction (HATHOR) to oy
¢ NNLO prediction

_~ with growing a(m5)

~ with growing my(m,)
= Fit a(M;) value vs m,(m,) value, for
4 PDFs

CMS 35.9 fb™' (13 TeV)
é;ojzsg 5 NNPDF3.1
S v CT14
012 "4+ MMHT14
= ABMP16
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- ~3% precision for a,(m;) at any
my(m,), ~similar uncertainty contributions
from measured o and PDFs
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Use measured o to extract m{(m,) and m,roe

¢ Fix ag(m;) to value used in PDF and vary within uncertainty

CMS 35.9 fb™ (13 TeV)

PDF set mP' [GeV]

0_

= ABMP16  169.9 + 1.8 (fit + PDF + a5) 793 (scale)

MMHT140nlo0 NNPDF3.1 173.2 + 1.9 (fit + PDF + as) "3 (scale)
0g(My) = 0.1181 CT14 173.7 + 2.0 (fit + PDF + ag) T (scale)
MMHT14  173.6 4+ 1.9 (fit + PDF + «g) J_r?z (scale)

CT14nnlo e

aig(m,) = 0.1181

- extract m{(m,) with ~1.6 GeV unc.
NNPDF3.1nnio . - Pole mass unc. larger, reason can
(04 mz = V.

° pe the slower convergence of the
ABMP16no perturbative series compared to
Os(Mz) = 0.1160 MS scheme m(m,)

L1 1 | | | L1 | | L1 1 | 1 1 [ L1 1 | | | L1 | | L1 1 | L1 |
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m,(m,) [GeV]




Triple differential cross section dcy

Use kinematical & topological observables to extract theory parameters

@ Sensitive to a,

Additional jet

Sensitive to g(x)

Sensitive to m,

> First ever 3D measurement of o, vs [Njet, M(tD), y(tt)] |

Analysis:

¢ New kinematic reconstruction without top mass constraints
¢ Regularised unfolding with TUnfold 7



NLO calculation for d3cy Niet

&

Fixed order NLO predictions using 9
MadGraph5 aMC@NLO+aMCfast+ApplGrid+xFitter

¢ o vs [Njets, M(tt), y(tt)] calculations:

Mangano, Nason, Ridolfi, NPB 373 (1992) 295 Dittmaier, Uwer, Weinzierl, PRL 98 (2007) 262002
v v

¢ oNO(Njets=0) = oNO(tt) — oNO(tt+1jet)
¢ oNO(Njets>0) = oNO(tt+1jet)

Deta\\S

¢

u = pe = H/2, H" = X, my;, sum is over all final state partons
¢ pn, y varied by factor 2 (6 variations in total)
mpoe = 172.5 £ 1 GeV
PDFs and o, from several groups via LHAPDF, vary o, £0.001 for uncertainties
Multiplied with non-perturbative corrections (<5%) from parton to particle level




TOP-18-004: d3cy vs NLO, different PDFs

CMS Preliminary 35.9 fb™' (13 TeV)
ey LA I I I L L I
£ 0.2r  300<M(th) T 400<M(th) 500<M(ff) T 300<M(t) T 400<M(ff) 500<M(ff) 1 ¢ Data, dof=23
% <400GeV <500GeV <1500GeV <400GeV <500GeV <1500GeV NLO
~ h !q
'8 Niet=0 Niet=0 # Niei=0 Ner>0 Ner>0 Ner>0 mP*® = 172.5 GeV
o 0.151 =] ) ’
= 5, » — CT14, x?=61(32)
' 2&'! s ‘ﬁ? ~=- MMHT14, 72=51(38)
0.1+ 4 { : ! I {="= NNPDF31, x?=41(39)
. - hg -= HERAPDF, x2=36(35)
- ~ ABMP16, 3?=27(27)
0.05} W m".m' JR14, y2=34(34)
© |- CJ15, x2=35(31)
o 1.4}
= 1.2 5
o 1
0.8}
0.6

—> Description depends on PDFs - sensitivity
- PDFs already using older tt data: MMHT2014, NNPDF3.1, ABMP16




TOP-18-004: d3c vs NLO, different o,
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¢ Data, dof=23
NLO CT14
m™©°=172.5 GeV

| — a=0.118, x2=61

-+ 01;=0.113, %?=56

]-- 0,=0.123, x2=87

- o, sensitivity comes from different Njet bins
- Indirect sensitivity from [M(tt),y(tt)] via sensitivity to PDFs
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. TOP-18-004: simultaneous

PDF, o, and m.P°e extraction
¢ Using HERA DIS data

CMS Preliminary
LI U AR | U R LA

& Use xFitter-2.0.0, HERAPDF2.0 settings, HERA-only fit o, = 0.1135 £0.0016

xu, /xul®f
—
N

- xu(x) u?=30000 GeV2 NLO
(1 HERA

[”Z] HERA + i

CMS Preliminary
LN SR A LS L R A |

- xd,(x) p2=30000GeV’ NLO

or HERA DIS + our new d3c; data

CMS Preliminary CMS Preliminary
"5 T T T T LR T T T T TT1717T '§ T T T oo T T T T TTT1T
1 21.2-xg(x) u2=30000 GeV? NLO 4 R1.2-x3(x) p?=30000 GeV NLO
] ] HERA £ | HERA ] % | T HERA
J ~L"] HERA + 1t | ] HERA +tt
1,—( W 1 1
ot U 1 08 d
1 1 |V\||\| 1 L Il\llll 1 L L1l
10° 102 10"

| ] HERA + i

1 1 J\\Vl
107

X

Lil 1 1 11 |
102

SVEN 0.8; g
‘ - Reduced g uncertainty at high x

B’

ER 1
as(mz) = 0.1135 £ 0.0016( fit) T5 poos (model) To:0007 (param) To 5o o5 (scale) = 0.11351900%1 (total),

mfnle = 170.5 + 0.7(fit) + 0.1(m0del)fg:?(param) + 0.3(scale) GeV = 170.5 + 0.8(total) GeV

‘ - Two SM parameters determined precisely, weak correl. (p=0.3) ‘
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Xxg(x) with using different CMS data sets

— HERA + d’cy — HERA + CMS jets JHEP 03 (2017) 156

— HERA + CMS W + d?cy
CMS Preliminary CMS
| | maf - xg(x) uf:sbooo GeV? NL(IJ
- [ ] HERA + CMS W* 8 TeV
71 HERA + CMS jets 8 TeV

=
2

S 7

oy 12_ [] HERA + CMS W™ 8 TeV +
Nj:_

X

2 xg(x) u2=30000 GeV? NLO

-] HERA
I HERA + t

xg/xgref
N

[y(tt), M(tt)] 8 TeV

1 = Z ’ ’ 7~ :; ;_— — T T O
_ i T =
: \ osl. More flexible g
i ' - parameterisation

0.8- - o.sL used in these fits

-3 -2 -1
10 10 10 x1 10-3 10_2 10_1 X1

- ~similar improvements adding d3c; (RUN II) or d?c; (RUNI)
- should fit to all data simultaneously!
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t-channel Single top production

Analysis: ® Use #jets, #b-jets +BDTs -> isolate signal

u d

Result:

Ot—cnt = 136 £ 1 (stat) & 22 (syst) pb

Result:

Ot—cni = 82 + 1 (stat) £ 14

(syst) pb

t/t Ratio:

R;_ . = 1.66 4 0.02 (stat) -

- 0.05 (syst)

13



t-channel Single top production: t/t ratio

Compare R4, to NLO calculation (HATHOR 5FS)

CMS 35.9 fb' (13 TeV)
I!IIIIII L

|1.66 + tl).oz (stalnt) + o.ols (syst)I Il | i : 1 |

—stat ~ —stat @ syst | L |

NLO PDF predictions: i i i

== scale ® m, ® PDF+o s |

NNPDF3.0 —‘i—

NNPDF3.1 .—-'-

CT14 . e

ABMP16 B J—
MMHT2014 """'"1""""'
HERAPDF2.0 i | i mi_

| ] |
135 14 145 1.5 155 16 166 17 175 18
b t I:{t-ch

- Predictions with different PDF sets: most describe data well




Differential t-channel Single top

of #jets and #b-jets; unfold cross sections (Tunfold)

POWHEG NLO with different 4FS PDFs vs data:

Pred./Data d(ct/04,5)/dpr (1/ GeV)

Analysis: * Fit signal yields to m(W) & BDT distributions in regions

CMS Preliminary _  e/u+jets, 36fb™ (13TeV) CMS Preliminary e/u+jets, 36 o (13TeV)
0.8F - 1 = ] N/Al<l k
- [d(o¢/our)/dpy | il d(ot/oss)/dly
0.7:— - - ’:\; 0.7F 3 E
e b e = & : = :
065773 I 1 3 0614 4= =i = ; :
05¢ e Data E ; 0'55_ _
s ] - e Data ]
0.4F == {}'?5’?3'0 E 0.4F NNPDF 3.0 .
C ] - —— CT10 i
O e E 0.3F = MMHT14 .
N P I 7 © ——t———————————
1.::'___ _§_j S Jr 1 g 1.1F J— l
U I R S '
0.8k . . ... ... e I i & =9 E
0 100 200 300 & 08 . . . ... o —— :

Parton-level top quark pt (GeV)

‘ - For all 3 PDF sets predictions agree with the data

Parton-level top quark |y|
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Conclusions

4 CMS measurements covered using data at 13 TeV, L~36 fb!

Measurement Exp. Unc. Theory Results

W

TOP-17-001

Ott

v, yee) TOP-18-004

3+ 20
d3cy ; dog

TOP-17-011

Rich = oy / Gt

TOP-17-023
d(ot/0t+)

~4%

~10%

~3%

~5%

NNLO

NLO

NLO

NLO

Different PDFs agree
ag(My) [~3%],
m¢(my) [~1.6GeV],
mPole [~2 GeV]

Constrain g(x) at high x,
O('s(mZ) [NZO/O]I
mole [~0.8GeV]

Different PDFs agree
with data

Different PDFs agree
with data

16



COI"ICl LISiOnS Some remarks on the future:

4 CMS measurements covered using data at 13 TeV, L~36 fb-l

ol | 1

Challenge to improve syst. with full RUN Il data ——
Dirrerent PDFS agree
TOP-17-001 ‘ )
_ NNLO  9s(Mgz) [~3%],
ot m m(m,) [~1.6GeV],
mPole [~2 GeV]
TOP-18-004 Constrain g(x) at high x,

d3oiz ; d’cx  ~10% as(mz) [~2%],

mole [~0.8GeV]
Need publicly available NNLO tool

Measurement EXx

TOP-17-011 Diff ¢ PDF
Reen = 0¢ fop - ~3% | NLO wlitherdeanta e
\LExpect more precise + more
TOP-17-023 differential results with full RUN Il data
d(o¢/os4t) ~5% [O Different PDFs agree
with data
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Backup slides
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- TOP-18-004: d°cy; vs NLO, different m,Po'e
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CMS Preliminary 35.9 fb™' (13 TeV)
LA T 1 N N I L T T 1
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--I | -

Y- Y LN

L.
:
.'.".'.':.3'.'.".
——
.¢. ----------
: i_ ! ! R
1 2 1 2 1 2 1 2 1 2 1 2
y(tt)

‘ - mPoe sensitivity mainly from first m(tt) bin

¢ Data, dof=23
NLO CT14

pole
0g=0.118, M’ =

— 172.5 GeV, %2=61
---167.5 GeV, x2=87

{==177.5GeV, x?=144
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TOP-18-001 d*cy vs NLO MC predictions
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1--- POW+HER, %2=66

-= FXFX+PYT, 32=63
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[ JY TN

- Only ‘POW-PYT' is in satisfactory agreement with the data
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TOP-18-001: o, extraction

N

=200

100

CMS Preliminary 35.9 fb™ (13 TeV)

I 1 I I I I I I I I I I I I | I
- [N;t“,lvl(tf),y(tf)], dof = 23, data and PDF unc. _
ag(M) £ Aog(M ) [x2, ] PDF i
-©-0.1144 +- 0.0025 [ 30] CT14

~7-0.1200 +- 0.0015 [ 33] HERAPDF20

— —--0.1169 +- 0.0013 [ 26] ABMP16 —

CMS Preliminary 35.9 b (13 TeV)
[N eyt | | |
+ ocs(M ) with total unc.

— data unc.
— PDF unc.
—— p unc.
— m, £ 1 GeV unc.
ABMP16 |—,§|
HERAPDF20 %i
CT14 %‘
World average [PDG2018] HOH
| | | | | | | | | | | | | | | | | | | | | |
0.09 0.1 0.11 0.12 0.13
atg(M,)

> Precise determination of a., at NLO QCD
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TOP-18-001: m,role extraction

CMS Preliminary

IN® ™ M(E0)y (0]
pole

jet ’
mt

35.9 fb' (13 TeV)
[ I | I I [ |

with total unc.
— data unc.

— PDF unc.

—— p unc.

— o = 0.001 unc.

ABMP16

CT14

o
HERAPDF20 %I
o

World average [PDG2018] —o—

| | I ] ]
165 170

| | ]
175
mP°'° [GeV]

- Precise determination of m,ole, at NLO QCD
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~ TOP-18-004: simultaneous o, m*°¢, PDF extraction

CMS Preliminary CMS Preliminary CMS Preliminary CMS Preliminary
§> T T T T TTTTg T LAY '§> T UL ELILRAY | T LN | "é T LR | T T T T T T TT1717T '§ T Ty T T T
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TOP-17-023: differential t-channel single t production

CMS Preliminary e/u+jets, 36107 (13TeV) CMS Preliminary e/ +jets, 36 b (1$Te}/)
> S = i e Data 1
& 107 B 1 2 o6l POWHEG4FS
— ;‘--m-’-‘-—l____g__“ _g L . === aMC@NLO4FS -
z - i MC@NLOS5FS
5 x & e -
S5 2 04r .
E 10°F T i
© - e Data i ‘
X i POWHEGA4FS 0.21 .
2 ... aMC@NLOA4FS [
— [ aMC@NLO5FS [
fg10—4_:::::::::{:::::::::}:::::::::_ © 0 +—+—+—+—+—+—+—t+—t+—t+—+—+—+—+—+—+—+—+—+—F—+———+—+—
S qof...... S 4 4qf .
o efm====s | Freeeee-  EEEEEEEE B = N
= 1+ s S 1%::#I§T+ 3
o o6t ..... .. L L - o 08t . ... Lo Lo -
0 100 200 300 0 1 2
Parton-level top quark pt (GeV) Parton-level top quark |y|

- Slightly better description by aMC@NLO4FS than
aMC@NLOS5FS




