Probing SMEFT at CMS

HELMHOLTZ

- - RESEARCH FOR GRAND CHALLENGES




Global SMEFT interpretations in 2020

several global analysis from theory community but neither ATLAS nor CMS

Top Quark




Global SMEFT interpretations in 2020

several global analysis from theory community but neither ATLAS nor CMS

MC Generator
Top Quark

EFT Forum



Large amount of individual EFT results

SMP:

extensive collection of constraints on both dim.6 and dim.8

Higgs:

first combined STXS results from CMS, CMS PAS HIG-19-005
ME analysis of HVV production and decay, PRD 99 (2019) 112003
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Large amount of individual EFT results

Higgs:
first combined STXS results from CMS, CMS PAS HIG-19-005


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Simplified Template Cross Sections (STXS)

evolution from inclusive cross section measurements

(EW gqH) (H + leptonic V)

arxXiv:1610.07922




Simplified Template Cross Sections (STXS)

evolution from inclusive cross section measurements

define several kinematic regions at generator level
maximize experimental sensitivity to e.g. BSM effects

minimize theory dependence

(EW gqH) (H + leptonic V)
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Connecting STXS with EFT

example: H - yy, CMS PAS HIG-18-029

CMS Preliminary 77.4 b’ (13 TeV)

T I L I I
B =y —8— Observation B
ggH OJ | 11722 _
ggH 1Jlow | 1.5 . SM Prediction —
ggH 1 med | o53f ]
ggggHH 11JJ Bhlngh L f-g ” m,, profiled — o EFT
| 1.845 _ _ i _
ggH 2J low | o3 _ J“i(cj) T oSM T 1+ZAij +ZBkafck
ggH 2J med | 27 | i j jk
ggH 2J high | o063 _ ]
ggH 2J BSM | 2383 F—=— |
ggH VBF-like | o003 ' |
qqH 2J-like | 137 N
qgH 3J-like | 0.0 _
qu Other |0[|) TO‘F? 1 1 L 1 1 1 | 1 | 1 ! 1 | 1 1 ! | 1 1
-2 0 2 4 6 8
cTPI'QC/Gtheo

coefficients A,B from LO MC

Higgs effective Lagragian (SILH basis with flavor-universal couplings)
parametrization includes deviations from SM Higgs branching ratios

acceptance of event selection in each decay channel assumed to be SM-like

EFT can modify kinematics of decay products and change acceptance,
particularly significant when intermediate decay states involved




Combination input

Refs from CMS PAS HIG-19-005

Analysis Decay tags Production tags Luminosity (fb~') References
ggH, pr(H) x N-jet bins
H = 7 vy VBF, pr(H jj) bins 774 [53]
ttH 35.9,41.5 [54], [55]
ggH, pr(H) x N-jet bins
| VBF, mj; bins
AR Y du, 2e2u /2u2e, 4e VH hadronic 137 [56]
VH leptonic, p(V) bins
ttH
ggH < 2-jets
ep/pe VBF
) _« s, ee+u ggH < 1-jet
H— WWY — fviv et VI hadronic 35.9 [57]
3¢ WH leptonic
4¢ ZH leptonic
ggH, pr(H) x N-jet bins
s VH hadronic 774 [58]
o ey, eTy, Ty, TLT} VBF
VH, high-p(V) 35.9 [59]
W (4v)H(bb) WH leptonic
- Z(vv)H(bb), Z(¢0)H(bb)  ZH leptonic 359,415 [60], [61]
bb ttH, tt — 0, 1, 24 + jets 77.4 [62]
ggH, high-pr(H) bins 35.9 not considered
ttH production 20ss, 3¢, 41,
with H — leptons  1/4271, 20ss+11,, 3/+17, ttH 359,415 [64], [65]
H :
I = pp a7 %%p 359 not considered



http://cds.cern.ch/record/2706103/files/HIG-19-005-pas.pdf

Selected EFT coefficients

T e e

@g _ |H|2G;lyéA;m
total of 15 dim-6 operators affecting Higgs physics (= |H|2B,WB”"
neglect CP-odd ones (-4) O, =|H|*B,,B"
neglect Higgs self-couplings (-1) O, = yu|H|?QrHug + h.c.
neglect Higgs field normalization as O4 = ya|H|*QrHdR + h.c.
_ 27
sensitivity not good enough for O = ye|H]| LLFQMR + h.c.
: Oy = (8“|H\2)
global change in rate (-1) .
Os = (HTH)

YR o .
Cww + cB = 0 from precision on=i(D#H)Ta“(D”H)WSu

Opw =i (D*H)' o%(D"H)Wg,
Oup = i(D*H)' (DVH)B,,
Opp =i(D*H)' (DVH)B,,
Ow =i (H'o"D¥H) D*Wg,
Op =i (H'D"H) 8" By

electroweak parameter S:

use only cWW-cB (-1)

drop CHB due to large degeneracies
with cHW and c(WW-cB

| probing 7 remaining operators I




EFT constraints from combined STXS measurements

35.9-137 fb™' (13 TeV)

C M S ® Observed © Observed (other cj =0)
— 1 - (other ¢ =0)
Preﬁmfnary — 2 +2c (other ¢ = 0)
P,=89% '
CHW X 102 —+
(CWW - CB} X 102 _+—
Cd x 10 + +
& x10 — —o
c, x 10° —-—
¢, x 10° =-
c,x 10 —— _.._
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 E 1 1 1 1 | 1 1 1 1
20 15 -10 -5 0 %) 10

Parameter value

| significant improvements over previous results I

analysis of up to 137 b

new analyses specifically

targeting ttH production

inclusion of additional decay channels:
H—>WW,H—bbandH — tt



Operator correlation

CMS Preliminary 359137 o' (13 TeV)

1 a
6, x 10 . 042 003 -002 | 037 029 -0.30 0.8

large correlation of ¢, and ¢,,,,~Cs: o107 042 0.08 . - e LR
0.4
little differential info in VH analysis ¢, x10° | 0.03 032 032 009 003 | 0.2
¢x10 | 002 0.08 0.19 0.23 -0
leads to an increased cross section 102
c,x 10 -0.60
which cannot be differentiate from I, , 104
_ . (Cyw-C)x10° | 029 ~ 050 009 -0.15 106
(where ¢, and ¢, contribute little)
G x10° | 030 054 003 023 1-0.8
= - ® g = @® &
S F & YT 3 %
| (8]
e

(c

| correlations well understood |




Large amount of individual EFT results

Higgs:

ME analysis of HVV production and decay, PRD 99 (2019) 112003


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

ME based approaches for EFT

matrix-element methods well established long before LHC in

high precision measurements

searches for rare, new physics

measurement of anomalous HVV couplings at CMS benefits from both aspects
distinguish H production mechanism (VBF,
VH, ggH), e.g. sig = VBF vs alt = ggH to
categorize events

isolate signal from background
measure anomalous HVV (V=22 | Zy+/y+~y*) couplings



Parametrization of anomalous couplings

amplitude w./ three tensor structures with expansion of coefficients up to (q2//A?)

T fO = efq; —efq;

po oy YEYE W +0) T -

* % *(1)" Fx v *(1
— €y1€yy T agvfpug )f (2); ‘|“1¥pr:£ )f (

Cwy | l l

}EL) — %eyupaf(i) b

V'V VYV VYV VV

s 1 [ 2 a 2 a 3

_ . 77 _ .\ 77 7z 7z

ZZ exp(ip™ ) exp(ip™ ) a“, a,
Zy  —exp(iv?,,) 0 poor with
respect to
YY 0 0 on-shell y

| constraint 4 anomalous couplings I




Event categorization

lepton final state: H — 4e, 4, 2e2y
on-shell (104 GeV < m, < 140 GeV) and off-shell region (m,, > 220 GeV)

production mode

Category VBF-tagged VH-tagged Untagged
. VBF VBEF,BSM WH WH , BSM
Selection Dy or Dy > 0.5 Dy or Dy, , Or Rest of events
ZH ZH,BSM
D2jet or D2jet > 0.5
CMS 7757 (13 TeV) CMS 7751 (13 TeV)
T T T 1 I T | T I U | I 1 T I T 1 T N T I T T 1 I I I T I T T I I T T I _]
B —»— Observed i 20 B —e— Observed i
10 —— Total SM - —— Total SM .
B [ ]VBF SM B i [ ]JVHSM i
----- Total f_, = 1 . 151 ---- Total f ; = 1 |
c L iVBFfs=1 . c - e L iVHf =1 1
'_C_} B |:I ZZI‘Z'Y* ] ._a. r I:l ZZ/’Z'Y* .
E | B Z+X | E i B Z+X i
= | £ 10 | §
O 5 | ' - ) I I T
= | = i | |
L . | [— L - | .
1= L] [ I L] 4 N 5 _— I —_
B O T 1% 3 I _
1 | ~— ] Bt Lt
0 0 | %
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

VBF [ VBF,0- WH RWHO0- nZH RZH.0-
max( Doiet > Dajet ) max( Daict» Dojer » Dajerr Dajet )




Coupling extraction

constraint fraction f_, of anomalous coupling as well as its complex sign cos (¢.,)

from maximum likehood fit of signal and background probabilities for process j in
category k (M=4 for VBF/VH, M=2 for ggH)

M—m

M sig/int (> 2 L
Y P (8, £~ £)"7" cos™ (¢)
m=0

CMS 77.5 16" (13 TeV) CMS Supplementary 77,57 (13 TeV) CMS 77.5 0" (13 TeV)
T T T | T T T I T T T T T T I T T T ] L T T T T I T T T T T T T T ‘ T T T T ] — T T | T T T I T T T T I T T T
| ¢ Observed i ¢ Observed i + Observed i
| —— Total SM VBF-tagged | ~ _ Total SM VBF-tagged - — Total SM VBF-tagged
8- [_] VBF+VH SM . - [ VBF+VH SM . " [ VBF+VHSM I
[ ol =1 ] 10/ -~ Total 57 = +0.5 y 11| S— Total f, = 1 .
[ L. VBF+VHI,=1 ] c | i VBF+VH 9 = +0.5 - ©TTUVBF+VH 5 = 1
S o 5 - = | C3zzzy 5 227y
-~ | 3 = I Z+X = I Z+X
i c ] c -
O 4+ - 3 Dine (Q) = Pine () S F L
L L 5 2 \/Psig (Q) Pt (0) I L 5_ |




5.1 fb' (7 TeV) + 19.7 b7 (8 TeV) + 80.2 b1 (13 TeV)
S [ B L B B B B

- CMS

—— QObserved

---- Expected
—— QObserved, 2016+2017
---- Expected, 2016+2017

-2 Aln L

002 0 O
f., COS(,,)
dominated by a8 a8

decay information gain from production
higher order polynomial in fai

b o b by b v by
02 04 0.6 0.8 1

8-0.6-0.4-0.2




combination of on-shell and off-shell region

off-shell
Ovv—sH—4¢ & HyvH l—‘H

Parameter Scenario Observed Expected

fazcos (¢,3)  onsshell  —0.00017000% [—0.163,0.090]  0.0000" o0 [—0.082,0.082]
anyTy  0.0000" (0010 [—0.0165,0.0087]  0.0000" (o012 [—0.038,0.038]
Ty =TI 0.0000" 0000 [—0.0067,0.0050] 0.0000" 00013 [—0.0098,0.0098]

focos(pp)  on-shell  0.000439926 [_0.0055,0.0234] 0.0000" 39939 [—0.021,0.035]

)

)

any Ty 0.00047 9995 [—0.0035,0.0147]  0.0000 05> [—0.015,0.02

any Ty 0.000170000 [—0.090,0.059]  0.0000™ 7005 [—0.017,0.019
Ty =T3M 000017098 [—0.016,0.068]  0.00007550%2 [~0.015,0.018

[ [
[ [
[ [
[ [ 1
Ty =T5M  0.000570 005 [—0.0029,0.0129]  0.0000" 1% [~0.010,0.012
[ [
[ [
[ [
a cos (¢57)  omeshell  0.0000$35% [~017,061] 0.0000*599%1 [-0.098,0.343

]
]
farcos(pp1)  on-shell  0.0002700050 [—0.209,0.089]  0.00007350% [—0.059,0.032]
]
]
)




on-shell results combined with H — tt analysis

significantly increased sensitivity in the region around 0O

driven by production information where H — Tt dominates over H — 4|

Parameter Observed/(103) Expected/(103)
68% CL 95% CL 68% CL 95% CL

fazcos(¢zs)  0.00£0.27 [—92,14] 0.004023 [-1.2,1.2
forcos(dp)  0.08719%  [-1.1,34] 00712 [-4.0,42
faicos(par) 0001955 [-0.4,1.8] 0.001935 [-0.5,1.7]
“Teos(¢px) 001 [-65,57] 0012 [—-11,8.0]

PRD 100 (2019) 112002



Top:

Large amount of individual EFT results

o
=S

analysis of tt production in its spin space,
PRD 100 (2019) 072002

10°

102

Production Cross Section, o

—
<
n

10F

September 2019 CMS Preliminary
: : : : : : : i 7 TeV CMS measurement (L <5.0 fo™) ]
E o # 8 TeV CMS measurement (L < 19.6 ') i
H i 13 TeV CMS measurement (L < 137 fb™)
j._'- : : -y : — Theory prediction
L =njets) | : : : : : : % Z 7 CMS 95%CL limits at 7, 8 and 13 TeV _
E Cd o o

T = =]

Z

: N ~ i
T o8 A e i (WG, Ty e ()T oy W e T H



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Probing EFT using tt spin density matrix

14000 H

orthogonal to pure rate changes or 12000

10000 +

enhancements in particle momentum spectrum

8000+

high sensitivity to EFT, e.g. chromomagnetic

caunts

6000 +

top dipole moment (CMDM): ¢,; O, with

Oc = 1:ga(Q™ TG, -

o]

—1 CfG=3‘
[ cig=—3
|

—-1.00 —-0.75 -—-050 -—-0.25 0,00 0,25 0,50 0.75 1.00
cos(g)

15 coefficients completely characterize spin dependence of tt production

1 d¢ 1
O'dQldQQ N (471')2

@+§y@+§,@_@4;@)

X X X X
—p

1 Blfz—x C=|] X X X

X X X X

spin-independent top polarization spin correlation




construct orthonormal basis




construct orthonormal basis

estimate angles in t/t rest frames — kinematic reconstruction

combination to pick
solution with minimal m

pair lepton and jet

according to expected m,,




x10° CMS 3597 (13 TeV)

T T T T ‘ T T T T ‘ T T T T ‘ T T T T
. ¢ Data Mittother Wl Z+jets
" [Wtisignal ISinglet | |Other

20- p . . - . . .
’ w estimate angles in t/t rest frames — kinematic reconstruction

30

construct orthonormal basis

Events / 0.1




%102 CMS 35.9fb (13 TeV)

[ L R L D L

. ¢ Data Mittother Wl Z+jets )
 Btsigna WSinglet | |Other construct orthonormal basis

30

7

i estimate angles in t/t rest frames — kinematic reconstruction

Events / 0.1

correct acceptance and detector effects (parton-level unfolding)

iy D]

@ 7]

Q| S
3
3 0.5 CMS 359fb (13 TeV)
= A A T T ]
E | § Unfolded data --NLO, SM
§ o ~ —POWHEGV2 + PYTHIA8 -- NLO, unpolarized
® - -- MG5_aMC@NLO + PYTHIAS [FxFx] ;

—0.5|

_11 . 0 0.5 1

generated cosq",




Results: polarization vector

consistent with zero for each axis

not yet sensitive to small polarization in the SM

dominant uncertainty from JES (top rest frame reconstruction)

1

d%o

o dQ,ds

0.8
0.6}

0.4f
0.2

Bq- 4+ +|Bo|- 4= — 6+ -C -4
CMS 359fb"(13 TeV)
—e— Data —— POWHEGV2 + PYTHIA8
—=&— NLO calculation —*— MG5_aMC@NLO + PYTHIAS [FxFx]
BX i 0.005 + 0.010 + 0.021
1 Fad
|¥|
B'z‘ : _:: : | 0.007 + 0.010 + 0.021
"
r -
B . -0.023+ 0.011+ 0.013
1 =
r -
B, . B -0.010+ 0.011+ 0.017
|¥|
B . 0.006 + 0.009 + 0.010
! "
n |
B L 0.017 + 0.009 + 0.009
|¥|
result + (stat) £ (syst)
| | | | | | | | | | | | | ‘ | | | | |
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08

Polarization




Results: diagonal correlation

C x \

correlations along each axis consistent with SM expectations

dominant uncertainties from background and top p; modeling X

\ X _J

4
199 _ 14+ B, 0+ B, 22— ]c] e
= s(1+B.- 2 +B,- -
CMS 359" (13 TeV)
—e— Data —+— POWHEGV?2 + PYTHIAS
—=— NLO calculation —*— MG5_aMC@NLO + PYTHIAS [FxFx]
—=<— NNLO calculation
C e 0.300 + 0.022 + 0.031
Kk ol
C. H@EO—H 0.081:+0.023 + 0.023
l_'_'
Cin |—l—.o—|—| 0.329+0.012+ 0.016
M
| ‘ | | | | | ‘ | | | | |
0 0.1 0.2 03 04 0.5

Spin correlation coefficient/asymmetry




Maximal sensitivity to spin correlation

| 07

©

—Io 0.6f

provided by full lepton (in top parent rest frame) opening angle

most precise measurement to date (5% uncertainty) Tr X

1 d%c

o) dQlsz
CMS 35.9 fb! (13 TeV)
[ 4 Unfolded data - NLO, SM l

| — POWHEGV2 + PYTHIA8 -- NLO, uncorrelated |

- -- MG5_aMC@NLO + PYTHIA8 [FxFx]

........

. : | ) : ]
W Stat Stat @ Syst |

F x N

\. X J

:(4%)2(14—%’1'214—@2'22—@-@)

CMS 359" (13 TeV)
—e— Data —+— POWHEGV?2 + PYTHIAS
—=— NLO calculation —*— MG5_aMC@NLO + PYTHIAS [FxFx]
—=<— NNLO calculation
C. Ho—o—nﬂvic 0.300 + 0.022 + 0.031
.
C, 0.081:+0.023 + 0.023
l_'_'
Cin +e—{ 0.329+0012+0.016
M
-D = 0.237 + 0.007 + 0.009
|.'_|
| ‘ | | | | | ‘ | | | | |
0.1 0.2 03 04 0.5

Spin correlation coefficient/asymmetry




Constraining top chromomagnetic dipole moment

B

Owc = yi8s(Qo*' T°t)¢Gy,

EFT predictions based on NLO MC simulation
apply NNLO/NLO k-factor of 1.22 from SM calculation

CMS 359713 TeV)

Lo | I I I I I I I I I I I I | I I I | I

95% CL limits from simultaneous 2 fit 4
Crk + Ckr

to normalized cos(9), C,,, C

nn’

including full covariance matrix V,

N N 6 —
Y= Z Z(data.i — predi) : (dataj - predj) : szj—_l i ]
i - — Nominal +
a- A\ s T +theory —
strongest direct limits to date - ——-theory -
on top quark CMDM 21~ 68% CL s
2 -2 - 95% CL |
-0.10< C_/A? <0.22 TeV [ : ]
1 0 A A T T R N SR T T
0 0.2 0.4 0.6

C! A%[TeV7




total of 11 EFT operators affecting hadronic tt production

10 of them impact spin density matrix (LO prediction from JHEP 12 (2015) 026 )
choose 4 best observables to constraint each operator

Operator Lagrangian Vertex Direct effects
fit g1 [fo*“”TatGﬁu} gtiiggtt] | Cii» Crk T Ckry Chel
d g1 [tic™ s TG}, | gt}!ggtt Cnr — Crns Crk — Ckn
& _ w|o-+0t]. 0-=ifrwsTopGs, || eett || cw—cn ok can
e ¢il0: — 0], 0p = [FrToDGE, || gott b
Cvv g3qvty | qatt || Gii» Crk + Curs Chel
Cua g3avta qqtt by, bY
Cav g3daty qqtt b by
CAA g3aata qqtt -
el 94 [ayty + d)yty] qqtt Ciis Crk T Ckry Chel
Gy ga Ay ta + djty] qqtt b, by
& —&+0G & = galdta — dyty] qqtt b, by

definition following JHEP 12 (2015) 026
table by A. Anuar




total of 11 EFT operators affecting hadronic tt production

10 of them impact spin density matrix (LO prediction from JHEP 12 (2015) 026 )
choose 4 best observables to constraint each operator

CMS 35.9 fb' (13 TeV)
—e— Data Standard model

ol -0.005 + 0.005 + 0.001
Fo -0.004 + 0.008 + 0.000
c o -0.017 + 0.012 + 0.001
c_ |-| -0.002 + 0.003 + 0.000
Cyy i 0.016+ 0.013 + 0.004
Cyn e -0.009 + 0.018 + 0.003
Cav —e— -0.001+ 0.017 + 0.001
c, - H 013+0.11+0.04
Cy # - ; -0.07 +0.14 + 0.02
C,—C,+C, | - : -0.01+ 0.08 = 0.01

result + (stat+syst) + (theo)

1 | I 1 1 1 1 | 1 1 1 1 1 1 1 | | 1 1 1 1 I | 1 1 1 I 1 | | 1 I 1 1 |

-0.2 —0.1 0 0.1 0.2 0.3 0.4
Anomalous coupling




total of 11 EFT operators affecting hadronic tt production

10 of them impact spin density matrix (LO prediction from JHEP 12 (2015) 026 )
choose 4 best observables to constraint each operator
2 dimensional contours provided where needed

CMS 35.9 fo' (13 TeV) CMS 35.9 fo' (13 TeV)
(:1:" C T I T T T 1 T I T T T I T T T T I T 1 ] (:1‘"' N I T T T T I I T T T I T T T T i
oo2f e . . 0.02 e -
i o~ H ] N o ; ]
0.0 N 0.0t -]
ol ¢ Standard model ] o + Standard model ]
- % Nominal ] - % Nominal ]
—D,D‘l:— + Theory unc. up _: —D,D‘I:— + Theory unc. up _:
B F * Theory unc. down E . *+ Theory unc. down
[ § -~ — &80 ] F e — 58° ]
—0.02F- ,.‘-"" 68% CL 3 0.02f i .-""( 68% CL 3
L G e 95% CL ] R 95% CL
L1 | ] L. L ] . 1 ] ]

-0.05 0 0.05 0.1 0.15 -05 0 0.5 1 R
Cyw <

CMS 35.9 b (13 TeV)

(.u"' T I T T T T I T T T T I T T T T J

+ Standard model

0.03 ®  Nominal B

0.02 + Theory unc. up ]

", ** Theory unc. down -

0.01 %, —68%CL 3

% e 95% CL ]

0 -

-0.01 .

-0.02 —

|




Top:

Large amount of individual EFT results

o
=S

differential studies of ttZ production,
JHEP 03 (2020) 056

10°

102

Production Cross Section, o

—
<
n

10F

September 2019 CMS Prellmlnarv
: : : : : : : @i 7 TeV CMS measurement (L < 5.0 fb) P
E o ; i 8 TeV CMS measurement (L < 19.6 b i
: : i 13 TeV CMS measurement (L < 137 fb™) :
j.'- : F-5 ~ Theory prediction
L niets) | : : : : : : % Z 7 CMS 95%CL limits at 7, 8 and 13 TeV. __
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Measuring top-Z couplings

electroweak-top interactions from ttZ production

split events with 3/4 leptons into jet/b-jet multiplicity bins

g

CMS 77.5f" (13 TeV)

10° . n —
£ $Data iz x| Ewz | mixy =
%104 Rare Nonprompt I ]Uncertainty _;
© 3 leptons . 4 leptons =
S -
= ° _
102 . =

—
_ O =

Data / Pred.
o
(4]




Measuring top-Z couplings

electroweak-top interactions from ttZ production ciz = Re(—sinfwCyy’ +cos By Cyy) )
CEZ] = Im (— sin chl(l?ég) -+ Ccos BWCS?)
. L _ o~ A3
translate cross-section measurements into limits o = Coe=Cyy
. = Con =103 [ 33
4 independent EFT operators ¢Q R N\

= 0 : assume SM W1tb vertex

tensor couplings (quad.): C_/C "

Ol = (70" u;) @B
0L = (@o™v'u;) GW,

vector couplings (lin.): C_/C

. o

0% = (oM o) (wiyuy)
. o

OL7) = (" ) (qv" ;)

e
0247 = ("D L) (giv" " q5)




Measuring top-Z couplings

electroweak-top interactions from ttZ production ciz = Re(—sinfwCyy’ +cos By Cyy) )
CEZ] = Im (— sinGWCL(j’;’) + cos GWCS?)
translate cross-section measurements into limits op = Cor= Cﬁf)
4 independent EFT operators o = Cro=Cp

main impact on p;% and cos(®,*) — use to reweight NLO SM simulations
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Measuring top-Z couplings

¢ electroweak-top interactions from ttZ production

¢ translate cross-section measurements into limits

Ctz

I
ciz

Re (— sin GWCS];B) + cos BWCﬁ,))

m (— sin6wCyy + cos bwCyy )

Cq)t = Cgf)
Cq)Q C1(33)

¢ additional bins of p;Z and cos(®,”) for enhanced sensitivity
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Limits on anomalous top-Z couplings

20% reduction from

p,“/cos(®,*)
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Limits on anomalous top-Z couplings

| most stringent direct constraints on tZ couplings I
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precision SMEFT measurements will be an essential part of the LHC heritage

the LHC has entered an EFT era

large variety of 13 TeV results already available

first initiatives for global LHC SMEFT measurements established

need to combine efforts across existing research groups
right time to re-think and improve research strategies

still many unexplored processes

expect first global CMS results for HEFT 2021
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