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e The top quark is
extremely heavy!

Jay Howarth


https://indico.cern.ch/event/754648/contributions/3126933/attachments/1724044/2784220/TopRecoIntro20180927.pdf

VAL M University
Yoeiand & of Glasgow

e The top quark is
extremely heavy!

precious....

e Single quark almost as heavy as an entire gold
nucleus.
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https://indico.cern.ch/event/754648/contributions/3126933/attachments/1724044/2784220/TopRecoIntro20180927.pdf
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e [t’s actually closer tc
Rhenium:
m(t) ~ 172.5 GeV
m(Re) ~ 173 GeV
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https://indico.cern.ch/event/754648/contributions/3126933/attachments/1724044/2784220/TopRecoIntro20180927.pdf
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e Dramatically heavier than other
quarks

mi¢~ 170 GeV
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https://indico.cern.ch/event/754648/contributions/3126933/attachments/1724044/2784220/TopRecoIntro20180927.pdf
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e Dramatically heavier than other
quarks

mp ~ 4 GeV

9.9
.

mc ~ 1 GeV mi~ 170 GeV
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https://indico.cern.ch/event/754648/contributions/3126933/attachments/1724044/2784220/TopRecoIntro20180927.pdf
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e What do we know about the Top?

= Mass: 172.5 GeV (dozens of measurements)

m» Charge: 2/3e (0.64 + 0.08) farxiv]
=) Spin: 1/2 (indirect)
= Yukawa: 1 (1.07, ratio to SM) [arxiv]

 Not to mention lots of QCD-related production
effects (production cross-section, charge
asymmetry, spin correlation).

e Why do we care about any of these?

Jay Howarth


https://arxiv.org/abs/1307.4568
https://arxiv.org/abs/1907.01590
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Strong and stable
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e How well do we understand this high

200}
ﬁ; 150}
>
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A
o .
czl 100 Limits from
O Limits from Tevatron
flavour
xperimen
sol experiments »L
i ‘u' * Exp. Limit
O ] ] ] ] ]
1970 1980 1990 2000 2010 2020
Year

* not including Limits from Theory (e.g. global EW fits)
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e How well do we understand this high

mass?
Discovery!
200}
ot ®
ﬁ; 150}
>
3 *
= 100 L
. 1
* Exp. Limit
50l 1 A CDF
U, \L \L @ DO
it & (vp) 1.8 TeV
f§7o 1980 1990 2000 2010 2020
Year
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e How well do we understand this high

maSS? Tevatron Tevatron
Runi Run2
200} - —
L 150)
> -
3 LHC LHC
" Run1 Run2
©
= 100
o * @ () 18Tev
" ! @ () 1.96 Tev
% Exp. Limit <> (pp) 7 TeV
501 \L A CDF > (pp) 8 Tev
‘L @ DO @ () 13Tev
l’ u ‘L B ATLAS (> World comb.
@ CMs
0 | | | | |
1970 1980 1990 2000 2010 2020

Year
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e How well do we understand this high

‘c;90 |
mMass " ’
. LHC era
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e Certainly at 1 GeV level, below is arguable...
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e Effects of this high mass?

Spin
Production Lifetime Hadronisation decorr.
L < < L << : < < m(t)
m(t) ['(7) Aocp Aocp
~1027 s ~1025 s ~1024s ~10-22s

e Short lifetime means quantum numbers (e.Q.
spin) transferred directly to decay particles.

Jay Howarth
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e Many unique features not present In
other quark phenomenology:

_IIII|IIII|IIII| IIIIIIIIIIII |IIII|IIII| IIIIIIII ] 00.07

’\E . - | | | [ o ]

S 160 ATLAS Inclusive N < 0.063—- NNLO QCD +NLOEW ~ATLAS Preliminary-

~ B -1 ] _ -

=t feu=125+0.08 i 0.04F ¢ Data (stat./total) | R

o] " - -
dl= _

dA

=T ) 0.02F ‘ =
1o 1 —-‘-—E‘ﬂ — C I -
5 == i 0.01 =

i N — — -
08- T — Powheg (SM spin) ] - -

- —— Powheg (No spin) ] —0.012— =
0.6 ¢ Data N _0.02F I 3
i ---- Fit result = :
. ] -0.03 ' | | '
0.4 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 <500 [500’750] [750’1000] [1 000’1500] > 1500
O 010203040506 070809 1

m, [GeV]
Parton level A¢(I*,I)/= [rad/x]

Spin Correlation Charge Asymmetry
(TOPQ-2016-10) (ATLAS-CONF-2019-026)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026
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e Many unique features not present In
other quark phenomenology:

|
:,.';\ [T T[T T [T T[T T[T T [T T [T T [T T[T T T TTT] m o 0.07- | | | | _
:c\ig 1 6. ATLAS Inclusive 1a < 0.06- 8 NNLOQCD +NLOEW ATLAS Preliminary]
~ B -1 [ .
:DE: o fgm=1.25+0.08 i : 0.04F ¢ Data (stat./total) | R
= I = =
. Sher ;I:I: . 0.03- -
. - m— ] m 0.02 =
e —e—r=" El- 0.01- | -
- rr:lﬂ*—"ﬂﬁ 1 = 0;—_—¥_ ____ — — B
n 0'8___'_,—|_ — Powheg (SM spin) | = - ]
- i —— Powheg (No spin) : -0.01 3
a 06 ¢ Data 7. _0.02F I 3
m i ---- Fit result 4 = = | | | | =
| 0.4||||||||||||||||||||||||||||||||||||||||||||||||| = _003 <500 [500,750] [750’1000] [1000’1500] > 1500
] 0O 010203040506 070809 1"
- ] . m; [GeV]
- Parton level A¢p(I*,[)/x [rad/nt] u
|
.lIIlII.II.II.II.II.II.II.II-

Spin Correlation Charge Asymmetry
(TOPQ-2016-10) (ATLAS-CONF-2019-026)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026
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e What is spin correlation?

C=N(AA) + Nl L) = NCTL) — NCIT)
NCTT) + NCLL) +NCTL) + NCLT)
Polarisation Spin Correlation

1 d*o 1

o d cos 68%d cos 6 = Z(l + B cos 6 + B’ cos @’ — C(a,b)cosé’ﬁcosﬁ]i)
+ _

* Measuring these angles means we can
measure B and C

B, =3 -<cos(fy) > C'=-9-<cos(0y)cos(f_) >

Jay Howarth
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e How do we measure these angles

* Angle formed between lepton and some spin-
analysis basis.

Jay Howarth
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e Less simple for hadron colliders...
t “helicity”

beam line
N\
b

* Helicity: direction of t in tt rest frame.
e C ~0.31

Jay Howarth
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e Less simple for hadron colliders...

‘“transverse”’ '

beam line
N\
b

 Transverse: orthogonal to plane formed by t
and b
e C ~0.32

Jay Howarth
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e Less simple for hadron colliders...

* r-axis: remaining orthogonal direction
e C ~ 0.01

Jay Howarth
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e [his coordinate system allows us to fully
probe the spin density matrix:

IM|* < X +B* 81 + B -85 + Cy;81:52,

7)) -
§ 0.35;— ATLAS Simulation Preliminary  —tt(A=SM)
Ll - i ~tt(A=0
= 0.3E MC@NLO + Herwig ( ) C X X
£ - s =
S 025 (s=7TeV All Events kK
S o02F X C X
0.155— nn
0.1 | X X C’
0.055_ ------------------------------- rr
O:FTT'... Lo b b b b by v by 554
-1 -08-06-04-02 0 02 04 06 08 1
cos(0,)cos(0.)
helicity
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Correlation sensitive to ® Splﬂ CO rrel a-thn |
C(n, n) cl P-, CP-even .
C(r, 7) cl, P-, CP-even polarisaton, and
C(k, k) chy P-, CP-even .
C(r, k) +Ck, ) | P-, CP-even Cross correlation
C(n, r)+ C(r, n) el P-odd, CP-even, absorptive o
C(n, k) + C(k, n) cin P-odd, CP-even, absorptive ha\/e SeﬂSIt Vlty to
C(r, k) — C(k, r) c! P-even, CP-odd, absorptive :
C(n,r)—C(r, n) cf P-odd, CP-odd d Iﬁe reﬂt
C(n, k) — C(k, n) —c! P-odd, CP-odd ;
Bi(n) + Ba(n) | bLF + i~ P-, CP-even, absorptive Sym metrles
Bi(n) — Ba(n) | it —bi- P-even, CP-odd
Bi(r) + By(r) | blF + i~ P-odd, CP-even
Bi(r) — Ba(r) bI+ — bl~ | P-odd, CP-odd, absorptive
Bi(k) + By(k) | bit + b P-odd,CP-even
By(k) — B2(k) | byt — b~ | P-odd, CP-odd, absorptive
By(k*) + Ba(k*) | byt + by P-odd,CP-even
By (k*) — Bo(k*) | bi" — b~ | P-odd, CP-odd, absorptive
B1(r*) + Ba(r*) | bIt +bl- P-odd, CP-even
Bi(r*) — Ba(r*) | bl —bl~ | P-odd, CP-odd, absorptive
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Correlation

sensitive to

C(r, k) — C(k, r)

C(n,r)—C(r,n)

C(n, k) — C(k, n)
Bl(n) — Bz('n,)
Bl(r) — Bz(’r')
By (k) — Ba(k)

B1(k*) — By (k™)

B1(r*) — By(r*)

P-even, CP-odd, absorptive
P-odd, CP-odd
P-odd, CP-odd
P-even, CP-odd

P-odd, CP-odd, absorptive

P-odd, CP-odd, absorptive

P-odd, CP-odd, absorptive

P-odd, CP-odd, absorptive

e NON-SM
observations ir

these would be signs
of CP violation.

Jay Howarth
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e At 8 TeV, ATLAS performed a measurement of
the full spin density matrix using dilepton

events. L
e Observables corrected Ziz2 | "
to parton level and e TLL
compared to theory. o
oaf +
e | eading uncertainties 02— ‘
come from the O
reconstruction of the g S . S—
tops, and MC models. 6555054027 0 02 04 06 05

cosO’ coso’
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o ATLAS results from RunT

ATLAS /s =8 TeV - 20.2 fb™
Spin correlations ¢JHEP 12 (2015) 026 result + (stat+det) = (mod)
C(k.,k) PN 0.296 + (0.072) = (0.057)
C(n,n) — — 0.304 = (0.038) = (0.047)
C(r,r) o 0.086 = (0.075) = (0.122)
| | | | | | | | | | | | | | | | | | | | | | |
-0.2 0 0.2 0.4 0.6 0.8

Spin correlation

e Uncertainties O(30%), dominated by MC modelling
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e CMS results from

CMS

Run?Z

35.9fb" (13 TeV)

—e— Data
—=— NLO calculation

—%— NNLO calculation

—+— POWHEGV2 + PYTHIA8
—+— MG5_aMC@NLO + PYTHIAS [FxFx]

C — i 0.300 + 0.022 + 0.031
Kk ~
|
C. e 0.081+0.023 + 0.023
rr
v
C.. H-e—H  0.329+0012+0.016
™
| | | | I | | | | I | | | | I | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5

e Uncertainties O(11

Spin correlation coefficient/asymmetry

0%), dominated by MC modelling

Jay Howarth
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CMS 359" (13 TeV)
-1 —e— Dala —«— POWHEGV2 + PYTHIAS
ATLAS ls=8TeV-20.2fb |
—=— NLO caleulation —*— MG5_aMC@NLO + PYTHIAS [FxFx]
Cross correlations ¢JHEP 12 (2015) 026 result = (stat+det) = (mod)
C, +C, '_’_'u’_'_' -0.193 0,035+ 0.053
C(n,k)+C(k,n) ——— -0.012 = (0.089) = (0.087) ) .
Crk — Ckr  H——H 0.057+ 0.035+0.029
C(n,k)-C(k,n) — -0.040 = (0.065) = (0.058) .
C,+C, H—e—H -0.004 + 0.028 + 0.024
C(n,r)+C(r,n) 4—eo—— 0.117 = (0.082) = (0.102) .
C,-C., e - -0.001+ 0.028 +0.025
C(n,r)-C(r,n) —— -0.006 = (0.082) = (0.070) .
c.+C. H—e—H -0.043 0.031+0.026
n A
C(r,k)+C(k,r) ——e4—— -0.261 = (0.112) = (0.135) i
C..-C.. . 0.040+ 0.025+0.016
C(r,k)-C(k,r) ——o 0.073 = (0.122) = (0.148) ! result £ (stat) £ (syst)
II|III|III|III|III|III|III|III|III|II l'lllllllIllllIllllllllllllllllllllll
-08 -06 -04 -0.2 0 0.2 04 0.6 0.8 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
Cross correlation Cross correlation coefficient

e NO obvious signs, but uncertainties are still large.

e Maybe there’s a better way”

Jay Howarth
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e Maybe there’s an easier way?

Mahlon, Parke, 2010

— Dilepton Events

0.6 — .
[ | 2 -
- Vs = 14 TeV ] § 0.2 ATLAS Simulation Preliminary ~tt(A=SM)
sl true m, T < 400 GeV - W 0.18~ MC@NLO + Herwig ~tt(A=0)
ot 8 016
—_ ) = - \s=7TeV All Events
§ | S 0'14:_ reaemeal T
T 04 = 5 0.12f
b _ Z -
o 0.1 e
& 0.3 (0 )0} ] SRRRIELLLLELL
> -
S 0.06[
0.2 - ] 004:—
[ 0.02
B gg + qa ; 0:1 1 | 1 I 1 Il 1 1 l 1 1 1 1 I 1 1 1 1 I 1 | 1 | I 1 1 1 1 I 1
0'1 i 1 1 1 1 | 1 1 1 1 | 1 1 | | | ] 0 0-5 1 1-5 2 2-5 3
0 1 2 3
Ad A¢ [rad]

e | ab frame observables don’t have as nice of an
interpretation, but they do have great sensitivity!

Jay Howarth


https://arxiv.org/pdf/1001.3422.pdf
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e [irst observation!

2] N | | [ T
€ 900 .+ data ATLAS -
> —
o = -1_7

" 80071 #F (uncorrelated) Ldt=2.11fb
- [l single top ]
700E mm Z/y *+jets T

- diboson :
600;" gm fake leptons i

500
400} e
300—, [1.r--

200

100 — =:
0

0 0.5 1 1.5 2 2.5 3

e Excluded the no-spin hypothesis with a significance
of 5.10.
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e [he Infamous Run?2 result

LT T v [ T T T | T T T - . r : . D
| ATLAS i
12 v/s=13TeV, 36.1fb~" "

e Uses 30.1 tb-1 of
ATLAS ey + 1 or more
b-tag data.

e Corrected for detector B

. . . . — PowhegPythias - Powheg Pythia6
effects using iterative 08 I pasawcanioryias
Bayesian unfolding. . tos[Emsm s O

S8 1.00 . |
=12 0es R 1 | |
e Uncertainties between M artondonal AG( 1) lradind

1 and 2% per bin.
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e Use a template
Ikelihood fit to extract

Inclusive

[1/(rad/m)]
'olj L
N
=
>
7))

. {s=13TeV, 36.1 fb™

the “fraction of SM- &M =125+ 008 -
ike spin correlation”: NS =

-:Sl\/ — 1 (SM) ~lo i N o _

-:Sl\/l — O (NO COH’.) 0'8;,_|—'7 :ng::g Ezl‘\)ll:ﬂi:))_;

0.6:— ¢ Data ° P —:

i ---- Fit result -

e Templates are SM 04010270304 0506 0.7 08 0.9 1
spin correlation and Parton level Ag(I",)/x [rad/x]

uncorrelated tops.
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Region fsm = (stat.,syst.,theory) Significance (excl. theory)
Inclusive 1.249 +0.024 +0.061 *0-557 2.2 (3.8)
mgi < 450 GeV 1.12 £ 0.04 *-12 +0-9 0.78 (0.87)
450 < my; < 550 GeV 1.18 +0.08 *5-12 T2 0.84 (1.1)
550 < my; < 800 GeV 1.65 +£0.19 *9-21 T0-39 1.2 (1.4)
my; > 800 GeV 2.2+£09 %2>+ 0.49 (0.61)

e | arge tension observed with the SM, at a
(conservative) significance of 3.20.

e Conservative because of the MC-based
uncertainties on the templates.

Jay Howarth
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m,; range |GeV]

Systematic Inclusive  my;; < 450 450 < my,; < 550 550 < myu; < 800  my; > 800
Matrix element +0.006 +0.11 +0.064 +0.01 +0.3
Parton shower and hadronisation ~ £0.010 +0.02 +0.005 +0.01 +1.4
Radiation and scale settings +0.055 +0.05 +0.061 +0.23 <0.1
PDF +0.002 < 0.01 +0.003 +0.01 <0.1
Background modelling +0.009 +0.01 Tools +0.01 40.1
Lepton ID and reconstruction +£0.008  +0.01 +0-030 ol oo
b-tagging o003 10.01 +0.025 s e
Jet ID and reconstruction oo 002 oo 056 i
B reconstruction < 0.001 005 o031 o i
Pile-up effects Toole < 0.01 ool oo o3
Luminosity +0.001 < 0.01 o000 < 0.01 <0.1
MC statistical uncertainty +0.005 < 0.01 +0.007 +0.03 +0.05
Total systematics +0.061 f8;}§ fg:%i fg:ﬂ t??
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e An aside on Monte Carlo:

Monte Carlo Sample
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e An aside on Monte Carlo:

* NNPDF
e CT14
e MSTW
 AMB

Matrix
Element

e Powheg
e aMC@NLO

Parton Shower
and
hadronisation

e Pythia8
e Herwig?7
e DIRE

e Sherpa
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= PDF choice
= Matching scheme
= Shower algorithm

Jay Howarth



M University

SOCIE 7 of Glasgow

SOCIETY

= PDF choice

= Matching scheme
= Shower algorithm
= Choice of as X 3

Parton Shower
and
hadronisation

Matrix

Element

Jay Howarth
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= PDF choice
= Matching scheme
<“URP> < UFp = Shower algorithm
= Choice of asx 3
= UR/uF values
= UR/uF func. Form
: 3 Parton Shower =» Shower scale
G and = Shower sc. form
3 hadronisation = hdamp* (Powheg)

Element

e Q e hdamp ¢ Starting scale

Jay Howarth
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_ = PDF choice

e Colour reconnection = \atching scheme

model? =) Shower algorithm

o MPI tune? = Choice of asx 3

= UR/UF values
= UR/uF func. Form
= Shower scale
= Shower sc. form
= hdamp* (Powheg)
= oT vs angular
= String vs. cluster

° Lund string = UE tune
+  pT ordered model or cluster = CR model
model?

shower vs
angular ordered?

Jay Howarth
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= PDF choice
. NLO only in = Matching scheme
production, LO in = Shower algorithm
decay = Choice of asx 3

= UR/uUF values

= JR/uF func. Form
: = Shower scale
LT = Shower sc. form
= hdamp* (Powheg)
= oT vs angular

= String vs. cluster

Element

* Production and = UE tune
decay factorised = CR model
with narrow- =) Precision in decay
width- = N.\W.A.

approximation

Jay Howarth
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e An aside on Monte Carlo:

= PDF choice
. NLO only in = Matching scheme
production, LO in = Shower algorithm

e Take away message here is that MC are
extremely complex and not magic black [°™
boxes... -

e Understanding these limitations is crucial ki
for precision measurements

with narrow- = Precision in decay
width- = N.W.A.

approximation

Jay Howarth
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e Understanding the Run2 result

m
ATLAS

Inclusive

| Vs =13 TeV, 36.1 fb™
¢ Data
—— Powheg+Pythia8 ‘

—h
o
08

—h
o
(o))

4
| 4
+

Ratio to Powheg+Pythia8
: ; , :
_L\I\ ! I T 11 | I

0.98

~~ PP8 scale up/down

SILIET MCFM

—— NNLO (u R/F=HT/4)
NNLO scale up/down
Powheg+MadSpin+P¥thia8

09901 02 03 04 05 06 0.7 0.8 09 1

0.96

0.94

Parton level A¢(I",I)/n [rad/x]

Jay Howarth
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e |s our NLO MC correct?
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 Higher orders (in production help), but not completely
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e Also, how tops are decayed plays a role
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e A new kind of calculation looks better, however...
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e A new Kkind of calculation looks better, however...

—h
o
©

w _I T | T T | T T | T T T T | T T | T T | T T T T T I_
m B —
=S - Inclusive ATLAS :
D>_~ 1.06— -
S ‘ \s=13TeV, 36.1fb" -
GJ 1 -04 """"" i _ g __
= g b -
£ 1.02) =
o ek i
9 1_ . . 5 o P : _|
© : | :
oc - - Ea
098: ’ Data +77T4./...../..../..,E __
| —— NLO QCD+Weak (. _=m,) ’m-'mi
0.961 NLO QCD+Weak scale : =

- —— NLO expanded (u R/F=mt)

094:m NLO scale §

"~ 7- —— NNLO expanded (u__=m,) i
- NNLO scale S

IIIIIIIIIIIIIIIIIIIIII |||||||||||||||||||||||||||
0990102 03 04 05 0.6 0.7 0.8 0.9 1

Parton level A¢(I",I)/rn [rad/x]

Jay Howarth



e Improvement disappears at NNLO

NNLO(ex)/NLO

x)/NLO

NLO(e

— NLO ® ATLAS

Inclusive
LHC 13 TeV my; = 172.5 GeV

Scale: Hy/4 PDF: NNPDF31nnlo

Inclusive
LHC 13 TeV m; = 172.5 GeV

Scale: Hy/4 PDF: NNPDF31nnlo
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, Poncelet; arXiv:1901.05407

Behring, Czakon, Mitov, Papanastasiou

g University
7 of Glasgow

More details on
this ratio
expansion (link)



http://www.precision.hep.phy.cam.ac.uk/results/ttbar-decay/
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e New calculation not well-behaved
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e Recent analysis has an interesting way of
tackling these modelling issues:
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Spin Correlation Charge Asymmetry
(TOPQ-2016-10) (ATLAS-CONF-2019-026)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026
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e Charge asymmetry

A

events events

—top quark —top quark
—antitop quark —antitop quark

L

y y
(0.0115(6)@7TeV
N(Ay > 0) — N(Ay < 0) _ N(AJy[>0)-N(Aly| <0) _
Ay = _ 0.087(10) Ao = VA 0 = N(A 0 = 4 0.0102(5)@8TeV
N(Ay > 0)+ N(Ay < 0) (Bly]>0) + N(&ly] < 0) 0.0059(3)@14TeV

e Higher order effects in tt production mean:
= Top prefers direction of incoming g
= Anti-top prefers direction of gbar
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* Majority of the effect comes from interference
between born and box diagrams in qqgbar
annihilation.
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*The CDF Collaboration, Conf. Note 10807 (2012).

e Fun feature of top physics:
NNLO usually very important!
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e The latest attempt by ATLAS

O B —]
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e Strongly disfavours no charge asymmetry:
= Huge achievement for a pp collider!
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e Even more striking differentially.

e Can see that the asymmetry gets larger at
higher m(tt)

Jay Howarth




THE 1 1
VAL ! Unaversity
Yool & of Glasgow
. | | | | |
H Ow d I d th Is a na IySIS Post_marginaL 90 + Aé ATLAS Pre"minary
- . Post-marginal. 8 — A8 Vs=13TeV, 139 fb~"
aCh Ieve SUCh prGCISIon? 1 Pre-marginal. 8y + A8 Inclusive
1 Pre-marginal. 09 — AO A
+ NP pull , (©0-0/A0
- - tTISR (resolved){ | [L——1] |
 This analysis makes Wajets corrlated pn + iy soale | | b
- _ W+jets norm. (2b-incl.) { L ==
use of a likelihood- b picopaiopeogy | |
b d ) W +jets norm. (1b-excl.) 1 —0|—: |
tt PS+hadronizati lved) - i —— |
dsSe e wea NP8 | | —Eet
= Fake lept. norm. (resolved 2b-incl.) - —%
. Single-top ME matching - |
unfOIdlng JERNP3{ | —fFe=]

Large-R jet pr resolution - |
tt ISR (boosted) |
JES modeling NP3{ | —f=—8—

e Modelling uncertainties & om i van | Ser
Can be treated as Single-top diagra\rjwnE?ufklni\tlr(.)l:/rs,reerFrf:\/sa? %
o JES flavour coml\gg(s)irt]icl)a ———
nuisance parameters 65 o0 s

and constrained.

Jay Howarth



| University
& of Glasgow

ROYAL

SOCIETY

e Profiling allows the data to constrain the
uncertainties
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e Often results in significantly reduced systematic
uncertainties (note the scales on the ratio plots).
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e Massive improvement, compared to Runt
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e [sn’t (just) from increased statistics (signal
actually gets smaller), it’s from improved
analysis techniques.
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e So, is the spin correlation result new physics?

* Not possible to say, we simply don’t understand
the SM well enough (not in theory nor MC)

e We are sensitive enough to see charge
asymmetry (with advanced techniques).

e If new physics is subtle (and not some obvious
bump) understand results and spectra like these is
crucial, otherwise we could write-off new physics
as modelling!
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b-quark W It d-quark or 5-quark wu-quark or c-quark

a; (LO) | —0.410 0.410 || 1.000 1.000 —0.310
a; (NLO) || —0.390 0.390 || 0.998 0.930 —0.310
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