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No evidence
for new
physics

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2022 fl dt = (3.6—139) fb! Vs=8,13TeV
Model by Jetsi ET™ [raqm) Limit Reference
T T
B ADD Gix +8/9 Oepry 1-4j Yes 139 |Mg ‘ H2TeV n-2 2102.10874
S ADD non-resonant yy 2y - - 367 |Ms 8.6Tev H 1707.04147
B ADDGBH 2j 370 | M 89TeV 1703.00127
@ ADD BH multijet - =8 - 36 | Ma 9.55 TeV 1512.02586
£ RSIGu 2y - - 139 | Gcmass 45Tev 2102.13405
B BukRS Gax - WW/ZZ  muliichannel 36.1 [ Guacmass 23 Tev 180802380
8 BulkRS Gk » WV - tvqq e 2j/1J Yes 139 |Gy mass 20TeV. 10 200414636
5 Bulk RS gk — tt e 21b21J/2 Yes 361 | @k mass 38TeV Fim=15% 1804.10823
2UED/ RPP Teu 22b23) Yes 361 | Kkmass 18TeV Tier (1,1), BAM 1) = 1 1803.09678
SSMZ' 1t 2eu - - 139 |z 5.1Tev 1803.06248
SSMZ' = 7 27 - - 361 |zmas 2.42TeV 1700.07242
2 Loptophobic 2/ — bb - 26 - 361 |Zmass 21TeV 1805.06209
@ Leptophobic Z' — ¢t Oeu =1b22J Yes 139 |2 mas 4.1TeV Fim=12% 200505138
s M W (v Teu S Yes 139 |Wemass 6.0TeV 1906.05609
SSM W’ - 7v i - Yes 139 |Wrmass 50TeV ATLAS-CONF-2021-025
S | ssww - 2b21J - 139 [Womass 44TV ATLAS-CONF-2021-043
& | VTW o WZ o oqgmoselB e 2il100 Yoo 199 |Wimass 43TeV B =
HVT W' WZ — (v (' model G 3e.u 2j(VBF) Yes 139 [ Wemass 340 GeV. Bven=1.g/=0 ATLAS-CONF 2022005
HVT W’ — WH model B Oeu 215,224 139 [ W mass 32Tev av= 2007.05293
LRSM Wg — uNg 2u 1J - 80 | We mass 5.0TeV m(Ng) = 05TeV, g1 = ge 1904.12679
Cl gqqq 2j - 30 |A 21.8TeV 7 1703.09127
_  Clfigq 2epn - 139 A BETEV 1, 2006.12946
O Cleebs 2e 1b 139 [A 1.8Tev 210513847
Clypbs 2u b - 13 |a 20Tev 2105.13847
Clttet ey =1b21] Yes 361 |A 257TeV 1811.02305
Avial-vector med. (DiracDM) O epry  1-4j  Yes 139 [ 21TeV . g1, m{x)=1 GeV 2102.10874
= Pseudo-scalarmed. (DiracDM) Oery 1-4]  Yos 139 | e 376 GeV =1, 81, m{x)=1 GeV 2102.10874
S Vector med. Z'-2HDM (Dirac DM) O e, 26 Yes 139 | e 31 Tev tanf=1, g2-0.8, m{x)=100 GV 2106.13391
Pseudo-scalar med. 2HDM+a__ multi-channel 139 | ey 560 GeV. tang=1, g1, m()=10GeV | ATLAS-CONF-2021-036
Scalar LQ 1% gen 139 | Laiiass 1.8TeV p=1 2006.05872
Scalar LQ 2 gen 139 | LQmass 1.7TeV B=1 200605872
@  ScalarLQ3?gen 139 [LOsmass 1.2V BLQS - br) = 1 2108.07665
calar LQ 3 gen 139 | rQf mass 1.24ffev 1 2004.14060
Scalar LQ 3 gen 139 | Lol mass. 1B Tev 210111582
Scalar LQ 3" gen 139 LQ; mass. 1.260eV. 3 1 210112527
Vector LQ 3 gen i 26 Yes 139 | LOYmass 1.77Tev. 5(LQY - br) = 0.5, ¥M coupl. 2108.07665
VLQ TT  Zt 4 X 2e/2u/23e 4 21 - 139 |Tmass Tev SU(2) doudlet ATLAS-CONF-2021-024
2 VIQBB - wyZb+ X multi-channel 361 |Bmass 1.3 Tev. SU(2) doudlet 5.02
B VIO TysTssiTos — Wet X 2(SS)23epu21b,21] Yes 361 | Tysmass .64 Tev BTy - We)= 1, ¢( Ty W)= 1 1607.11883
25 viaT- . Teq  21b23] Yes 139 | Tmass 18TeV SUE) single, ATLAS-CONF-2021-040
VLQ Y - Wb Teq 21b21] Yes 361 |Ymass 1.85 TeV. B(Y — Wh)- 1, ca( W)= 1 12.0734:
VLQ B — Hb Oeu 220,21,21 - 139 | Bmass 20TeV SU(2) doudle, = 0.3 ATLAS-CONF-2021-018
3 @ Excited quark g" — qg - 2 - 139 |t mass 6.7 TeV. only u” and d*, A = m(q’) 1910.08447
8 Excitedquark g’ - gy 1y 1 - 367 | mass 53TeV only o' and d*, A = m(q") 1700.10440
SE Excited quark b — bg - 161 - 361 b mass 26TeV. 180509299
@ g Exciedlepton * 3eu - - 203 A=30TeV 14112921
Excited lepton »* Fepr - - 203 A=16Tev 1411.2021
Type Il Seesaw 234equ 2] Yes 139 220202039
LRSM Majorana v 24 2 - a6t 32Tev m(We) = 4.1TeV. 5, = g5 180911105
. Higgs triplet H-* — WEW:  234.e,u(SS) various  Yes 139 350 GeV. 11961
S Higgs triplet H** — (¢ 234eu(SS) - - 13 1.08T¢ ATLAS CONF-2022.010
S Higgstripet K+ — rr et - - 208 =1
Multi-charged particles - - - 361 | muli-charged particle mass 1.22] e 181203673
Magnetic monopoles - - ~ 344 | monopolemass 237 TeV. O producton,lg| = 1go, spin 1/2 180510130
Vs=13TeV  Vs=13TeV L T 1
partial data full data 10 1 10 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. e

Small-radius (large-radius) jets are denoted by the letter |

S. Dawson
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Higgs Couplings look
like the SM

* Couplings proportional to mass

Higgs couplings can be
windows to new physics

SMEFT is tool of choice



Assume a hierarchy of scales

A >> My, where complete theory exists

®* Any new particles or symmetries are at this scale
» Expect effects of heavy particles at low scales to be suppressed

This is sad scenario where there is
no intermediate scale physics

My

Only SM particles in theory at low scales

Learn about high scale physics by measuring
coefficients of effective operators with global fits

S. Dawson



SMEFT: SM Effective Field theory

e Assumptions: New physics decouples A >>v, E
* At the weak scale: SM SU(3) x SU(2) x U(1) symmetry and SM particles only

New physics described by
Ls Ls¢ L7 Ls

Lsyerr = Lsm + A T et et
L, = 2,007

Assume Higgs is in an
SU(2) doublet

New physics contributions contained in coefficients C
Operators form a complete basis (not unique)

Ls and L, are lepton number violating

S. Dawson




Problem #1: Too many operators

 SMEFT studies are typically terminated at dimension-6

e 2499 operators: Must make assumptions

* Typically assume U(3)> flavor symmetry: 70 operators

* But.... We know the third generation is heavier

* Let the 3™ generation be different and assume U(2)> symmetry

* Redo NLO SMEFT fit to EWPO observables with various flavor
assumptions
« EW+QCD included (QCD has been automated)
* SMEFT calculation can be written as dogy,+dosyerr/ A2
* Replace dog)y,, with most accurate SM calculation



W and Z pole observables

* Fit to 14 data points—inputs are Gw M., a
MW7 FW? FZ7 Oh, Al,FBa Ab,FBa AC,FB) Ab7 A67 Al7 Rla Rba RC

* Tree level SMEFT expressions depend on 8 combinations of operators (assuming
flavor independence)

Cu, Cow B, Copu, C(f;)a Cg(bz)a Cg(b?)a Cg(;), Cpe, Cop, Cpa

* At NLO in SMEFT, dependence on 32 coefficients
= 2 blind directions at LO (resolved by other measurements)

Full NLO calculation: Zw-< { % + more....

S. Dawson SD, Giardino, 1909.02000


https://arxiv.org/pdf/1909.02000.pdf

NLO SMEFT effects on pole observables

* Fits marginalizing over other coefficients

Coefficient LO NLO
Cop | [~0.034,0.041] | [-0.039,0.051]
Cown |[—0.080,0.0021]| [~0.098,0.012]
Coa  |[—0.81,-0.093] | [~1.07,—0.03]
¢l | [-0.025,0.12] | [-0.039,0.16]
Cou [—0.12,0.37] | [-0.21,0.41]
¢y’ |[-0.0086,0.036]|[~0.0072,0.037]
Cu | [-0.085,0.035] | [~0.087,0.033]
i) | [~0.060,0.076] | [0.095,0.075]

S. Dawson

[

Neglect flavor effects
Contribution from top in loop

NLO effects can be important




Future limits need NLO SMEFT
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EWPO with flavor

* Allow coefficients to have flavor dependence

* Some operators contribute both to top pair
production at the LHC and to EWPO at 1-loop

N
O
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SMEFT message: CONNECTIONS between data sets

Logarithmic contributions of top operators to

EWPO: de Blas, Chala, Santiago, 1507.00757
S. Dawson

Dawson, Giardino: arXiv:2201.09887

Aguilar Saaveddra et al, 1802.07237


https://arxiv.org/pdf/2201.09887.pdf
https://arxiv.org/pdf/1802.07237.pdf
https://arxiv.org/pdf/1507.00757.pdf

/ pole observables constrain SMEFT flavor

95% CL limits from NLO EWPO on 4-fermion operators
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Assume new physics only in 3™ generation



Problem #2: Why not include dim-8?

Cei Cs;
* SMEFT
A6 ASMAG A2
A? N\ASM+P+... °~ A2, + VR Ai + ...

* Problem is that (A¢)? terms are the same order as Ag terms that we have
dropped when counting in 1/A

* If we only keep Ag/A? terms and drop (Ag/A?)?, the cross section is not
guaranteed to be finite

* Corrections are O(s/A?) or O(v?/A?)

* GeoSMEFT gives all orders in v2/A? for 2- and 3-point functions

S. Dawson _Helset, Martin, Trott, 2001.01453


https://arxiv.org/pdf/2001.01453.pdf
https://arxiv.org/pdf/2001.01453.pdf

Goal is to infer BSM physics from patterns of

coefficients

 Compare models with new
scalars or new heavy
top/bottom VLQs at the high
energy scale

* Do global fits to just the sets
of operators generated in
these models

* Fits can restrict high scale
models

Do dimension-8 terms
invalidate this type of study?

Limits from SMEFT Global Fits

0.25

02—

Coupling

strength !
(mixing angle) o1
of high scale i
new physics

Type I

Lo,
° o o
- N N
o o
[ (0—g)s0d|

[
o
e

o
o
a

oy
& A 2
//Q \Gu eow (.?
& ,
o 1 > &
< &
Type 1
T (TB) (TB) Z, T (TB) (TB) 2HDM 2HDM
M=1TeV M=5TeV M=1TeV
tanf—oo
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SD, Homiller, Lane, 2007.01296

* These are particularly simple toy models

0.


https://arxiv.org/pdf/2007.01296.pdf

Study models with dim-8 contributions

* Model #1: Top vector-like quark T
V = NG Htgr — A\rG HTgr — MTTg + he
* Integrate out T keeping terms to O(1/M*#)

* At dim-6, rescale Yukawas from T integration

e At dim-8

Y Aomy

—1 +

J2 ' aMA

+19s

)\%vmt
2M4

(p1 — p2) - PR Y5
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SD, S. Homiller, M. Sullivan, 2110.06929


https://arxiv.org/pdf/2110.06929.pdf

Dim-8 in TVLQ

* Very small effects from dim-8 .....
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SD, S. Homiller, M. Sullivan, 2110.06929


https://arxiv.org/pdf/2110.06929.pdf

More complicated model with dim-8 effects

e SMEFT limit of 2HDM to dim-8

* Consider CP conserving 2HDM: H,, H,
* Use Higgs basis, so only one doublet (H;) gets VEV
* Integrate out H, using covariant derivative expansion
* Theory described by cos(3—a.), scalar and fermion masses, tan 3
* Take limit M, My,, My = e and match to dimension-8 SMEFT Lagrangian

> 5 L ;
Le = —=(H'H)3 + —M‘%(HTH)aLHdR s

CuH
M?2

(H'H)g, Hug + hc

New operators at dim-6 change Higgs-fermion Yukawas and
Higgs tri-linear, but don’t generate momentum dependence

Belusca —Maito et al,1611.01112


https://arxiv.org/pdf/1611.01112.pdf

2HDM to dim-8

* At dim-8, new coefficients generate hVV interactions along with momentum
dependent operators contributing to hh, VV production

10 10
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SD, D. Fontes, S. Homiller, and M. Sullivan, 2205.01561


https://arxiv.org/pdf/2205.01561.pdf

Scale dependence for C,

* Cy modifies Higgs tri-linear

» Affects Higgs coupling limits through
loop contributions

9 TTTHEO . s

* C, scaling different than Yukawa like

terms ,
v2Cig cos(B — a)pimy
M?2 vtan B
v’Cy  cos?(B — a)M?
M2 v2

Degrassi, Giardino, Maltoni, Pagani, 1607.04251
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https://arxiv.org/pdf/1607.04251.pdf

e SMEFT has richer structure than “out of the
box” implementation

* Need flavor structure, NLO SMEFT loops

* Necessity for dim-8 terms warrants

further study
* | have approached it top down (look at
models)

* Bottoms up approach categorizes operators
that make large contributions at dim-8

Conclusions
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