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Background anomalous contributions: general

e Conventional EFT signal: anomalous terms from signal process.
e Non-zero EFT coefficients also affect background processes.

e Some new analyses are implementing EFT effect on background into the limit-setting procedure, e.g.
ssWW analysis.

e Issue mentioned at the previous meeting: significant backgrounds are estimated from data, therefore
anomalous contributions can be included to the estimation.
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https://cds.cern.ch/record/2790652/

Background anomalous contributions: Z(v)~y analysis

e Our case (Z(vv)y inclusive): W({v)y is also affected by the EFT nTGC operators.
Operator ZZZ, ZZ~, Z~vy ~vyyy WWZ WWx

Oc+ o o o o
Osw o o o
Osw o o o
OWW o o

Oss o

e Only three operators have significant effect on W (¢v)y production.
Coefficient  ATGC from Z(vv)y ATGC from Z(vi)y + W(fv)y Improvement

Caw /N* [-0.35; 0.34] [-0.33; 0.32] 6.4%
Caw /\* [-0.63; 0.63] [-0.60; 0.60] 5.1%
Coy/N* [-6.5;4.7] - 103 [-6.1;4.5] - 103 4.9%

o W(¢v)y production signal strength piyy is estimated from the fit in the control region.
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Background anomalous contributions: investigation

e Fit in the W~ CR was made on Asimov data (simplified stat. model).

1. Asimov data without EFT.

Events
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Result: pw~ = 1.007005.

Artur Semushin ATLAS MEPhI meeting July 2024 4/10



Background anomalous contributions: investigation

e Fit in the W~ CR was made on Asimov data (simplified stat. model).

1. Asimov data without EFT. 2. Asimov data with

ng//\4 = 0.63 TeV—2.

e Data

Events
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Result: pw, = 1.00fg'_g§. Result: pwy = 1.0174705.
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Background anomalous contributions: investigation

e Fit in the W~ CR was made on Asimov data (simplified stat. model).

1

Events

. Asimov data without EFT.
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Result: pw~ = 1.0075 05.
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2. Asimov data with
ng//\4 = 0.63 TeV—2.
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Result: puy, = 1.0170:03.
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3. Fit of the case 2, but only in

the last bin (enhancing EFT

contributions).

Result: pw., = 1.2679:22.
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Background anomalous contributions: results

o Fit in the CR measures parameter py-, which changes the yields flat.
e The largest contribution to the fit in the CR comes from the first bin, enriched by the SM events.

e The largest contribution to the EFT fit comes from the last bin, enriched by the BSM events. This fit
measures EFT coefficients, which significantly changes the shape of the distribution.

e Is the problem avoided in this case?
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Reinterpretation of the limits

e The most general way to translate EFT coefficients into the parameters of new physics models is to
match model-independent and model-dependent effective Lagrangians.
e Model-independent Lagrangian can be constructed using EFT:

(d)
G Ko 1G)
I

L=Ls+LO +£O 40 42O 4 £l =3
i

e Operators are constructed from the SM fields, so they represent loop contributions from new heavy

particles at currently accessible energies. Example: O1g = BH,,B/“’BQ[;B‘M.

e Computations of the effective model-dependent Lagrangian is a more complicated issue. Tool of the

effective action in the quantum field theory can help with this.
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Effective model-dependent action: QED example

1 _
L= _ZFWFW + ¢(l’¢ — m)yp — full Lagrangian of QED.

Let's assume that we work at energies much smaller than the fermion mass, so we can integrate the
fermion field out. Generating functional:

Z(J* n,7) = /DA”DwD@Ze"S = /DA“DtzZ expi/ d*x(L + 7 + Pn + JFA,).

It depends on the so-called "field sources". Fermionic sources are zero due to the low energies:
Z(J*,0,0) = /DA"DwDJJ exp i/ d*x(Less + J*AL).
Legr = —%FWF‘“’ — iTr log(il) — m) — effective QED Lagrangian.

The simplest way to understand the second term:

n
o0 e
Tr log(il) — m) = E —Tr ( 7 A) — expansion at low energies, representing multiphoton
. . n=1 m
interactions.
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Matching the Lagrangians

Consider 4-photon interactions.
B/W/G B/W/G

B/W/G B/W/G
1. EFT: £ = —%FWF’“’ + Ci(Fu F*v)? + Cz(,’:_“,,F*“’)2 — two operators with Wilson coefficients C;
and G.

2 70&2

2. Effective QED action: £ = —3F,, F" + 9(),774(:‘-_WF“”)2 + 36Om4(FWFW)2'
3. Matching:
c a? C — 702

Y7 90m* P 360m*
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Reinterpretation of the aQGC Wilson coefficients

e Model: minimal SM extension — SM plus one heavy field.

e Matching of EFT and effective model-dependent Lagrangian is given in the table (paper).

scalar fermion vector
Bl ey waie?
o' 9@ el 2o
o 9 [HAR) + 5LR)] | g2 [3AR:) + 5LR2)]

& | o [HAR) + gh(R)]

o4 98 [A(R2) — £ 2(Ro)]

& g [{HAR) m’z(Rz)]
4| [HAR) + g % (Ry)]
& 93 [3ARs) + iz 12(Ra)]
| 0 [f5ARs) — f512(Ra)]
o 3 [ 761 iL2(Ra)]
[,2:‘ 1

o

o % R (R
q”“”" 5030 2 (Ry)
Cae T0393Q1n(Ry)
o $9103Q° Io(R)
c{’z"‘z 0AQ L(Ry)

94 [IA(Rs) + 2 1(Ry))

94 [A(Rs) — A D(Rs)]

4 [IA(Rs) — 22 1(Ro)
R.

9: 336
93 [3A(Ra) + g5 2(R3)]
95 [§AMRs) + g3 (Rs)
u';‘[ (Ra) — g5/2(R3)]
3 [FARs) — g5512(Ra)]
329312(Rs)
293 2(Ra)
RBQPL(R2)
T0703Q°Ta(Rz)
20195Q° 1> (R2)
1RBQL(R,)
G950 L2(Rs)
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(

o [‘“ A(Rs) + £ L(Ry)]

‘Iz [ﬁ:\(m) + d’z’ (R2)]
AR,

[“‘A(RJ M/Qm..{)]
173[2”’\(3‘) i 2(Ra)]
9 (38 AR) + 5 L(Ry)]
~ 593 2(Rs)
— 89412 (Ra)
ot R I(Ra)
L0 RBQL(R,)
(R;
A(R
(R,

Brota3Q 1n(Ry)
2 G2g30%15(Ry)
G691 Q L(Ry)

Example: reinterpretation of the limit |frg/A% < 0.06 TeV—*.

Scalar: M > 0.3|Q]| TeV
Fermion: M > 0.37|Q| TeV
Vector: M > 0.74|Q| TeV
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https://arxiv.org/abs/1908.09845

Restrictions and problems

e We have unitarized and non-unitarized limits. Which ones should be used? Unitarized limits are
necessarily accompanied by the clipping energy. Therefore, clipping energy also should be reinterpreted!

e This matching works only for models with one new particle, or with several particles, each not
interacting with others. If we have complicated model like MSSM, where new particles interact with
the SM particles as well as with other MSSM particles, the matching will be another.

o New particle should be able to make significant contribution to the experimental signature only in the
loop!

e Theorists work on this topic hardly, new matchings come and should be studied.
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