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Muon Four Fermion Effective Operators.

New Phyisics may manifest in processes at energies below the characteristic scale of the underlying
theory. An independent way to analyse these effects is the use of the EFTs. In the case of only SM
degrees of freedom below the EW scale (SMEFT), we can write the Lagrangian as,

L=Lsv+ La=5 + Li=6 + ...,

Beyond d=5 (Weinberg operator), the least suppressed New Physics would appear in d=6 operators
&
Ly = ' U—QOi
However, there could be new degrees of freedom appearing at energies below the EW scale, in that
case they should be included in the operator expansion. If these new degrees of freedom are Heavy

Neutral Leptons, the usual parametrization is given by the SMEFT.

(In our study we will focus in d=6 operators)
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NAG64L.

Fixed-target experiment searching for dark photons. (See Mirald Tuzi's talk)

* Muon beams (160 GeV).

* Lead target.
* Missing energy/momentum signal. s (

* MOT: 1.98x10'° (latest results)
3.5x10" (current statistics)

1.0x10" (optimistic future)

Trackers
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SMEFT.

Let us start with the Weak Effective Field Theory, Jenkins. Manohar. Stoffer: 1709.04486
Lwerr O —V2Grehy (PamuPrLvs) (i i) — V2G relys (vamu Prvs) (i vsi)

Assuming flavour conservation, the correspondence with the SMEFT parameters is

e 1 v 1
5503/ = Opa (‘591‘3/” - 59}:/,‘/ + §[C€€]ewe> — [l — 45@)595 *+ 595” + 591?3# D) (xua + [Cfe]aauu) )
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Falkowski, Gonzalez-Alonso, Mimouni: 1706.03783
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Falkowski, Gonzalez-Alonso, Mimouni: 1706.03783
— SMEFT vertex corrections to the vertex between the fermions and gauge bosons

— Tpa = [Cfﬂ]aauy for a =-e,u and Tur = [CEE]M,LLTT
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SMEFT at NA6G4. va (k)

) .. ) ) ) ok
NAG64 is sensitive to the linear combination Y (alehn |> +blefil?) (2)
However, most of the SMEFT parameters hold strong bounds, with

H . Falkowski, Gonzalez-Alonso, Mimouni: 1706.03783
the exceptlon Of. Bresd-Pla, Falkowski, Gonzalez-Alonso, Monséalvez-Pozo: 2301.07036 lu‘(p) ,Ll;(p’)
[CEE],LL,LLTT [CEB]TTWL [Cﬁf}#.ﬂ## [Cfe]pp,u,u
Unbounded Flat direction
n(pi) n(py)
292

ot pppnp = [cetlpppn + g3 [Ctelpppn
iy [cee]ppaa; [Coelaaup

1
wV _ - _ _
Ean = 5 ([Cﬁf]y,,uaa + [Cﬂe]aa,u,,u) OEE — M#(LM’Y#LM)(LT’Y,MLT):
1 v
e
o = g [t = letchoann) Ore = 1 (T L) OyL)
eV =etA =0, !
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vSMEFT at NAG6A4.

N (k1) N(k1)
In this case NA64 is sensitive to the NC operators )
N (k2) v(ks2)
CM.M 2 \/
OMM = A2 (E.U’Y l )(NFYMN)a
C,U / ’
o, KQN (Eay" L) (N N), p(p) p(p') p(p) u(p')
and the CC operator n(p;) n(pys) n(p;) n(py)
OM#: OEN OEKTLQ
LNL
@ =B (L, N)e(L,t,,),
LNLp = " A2 (LN )e(Lu) These operators are currently unbounded!!!
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SMEFT & vSMEFT at NA64.

w(p) +N(pi) = @) +N(ps) + xa (k1) + xa(ka)

The cross section of the process is written as

___
do(pN — pNxix2) Byt MMMJ"_B
>4 =3 {57 [ dalinke) 32 7))} { [ dvator =

51,52

after some manipulatlon,

Wil s
do(uN — uNx1x2) = d0§53p—

(2m) *—
/ \ 1—-2 process

2—3 process
aﬁ—/d‘l’z ki1, k2) Z T (TP

spins
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SMEFT & vSMEFT at NA64. e it

xz(ka) xa(kz2)
u(p) + N (pi) = u(p') +N(pg) +x1(k1) + xa(k2) @ P
Using the Weiszacker-William approximation, @) f;:((q)
Vol L e R e ax™
f— a;‘ e P—
dx 1672 «x B2 Sy U o/Vpl23X
e ’/ ——m Photon flux
and the total number of events, Squared amplitude
1— 28 z*E; d
N = Nyrorp P68 / - dx / dk2r(k)
iy (M +my,)/Ep (Myy +my,)? ddk
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SMEFT & vSMEFT at NAG4.

e 22

2 E?
N o E p do
NS — NMOTp—LTH/ : Cll‘/ dkgﬁl(k)d de
my (mx; +mMxy)/Ep (mxy +1mx5)? \ b
H S— 1.98N-10'1“ MOT

In order to set constraints we compute the 90% CL requiring 55107 MOT

that

0.8

NS S 244 Feldman, Cousins: physics/9711021 06l

since we have a Poisson distribution with zero background.

Vk? [GeV]
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SMEFT bounds at NA6GA4.

Or @0 (L_ﬂ')fﬂLu)(L_a'YuLa) & (L_a')"’I La)(aq’ugﬁ)
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USMEFT bounds at NAGA4.
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SMEFT & SMEFT bounds at NAG4.

Units in [GeV?]

Type Operator Current NA64y sensitivity | Future NA 64y sensitivity

[OLL} aq (E P)"U'L )(EQ’Y La) 1.0 - ].0_2 1.4- ]_0_4
NC-SMEFT S

[OLe]aaup (EQW”LQ)(E“’}/“E“) 1.0-107? 1.4-107*

O 00, (N~ N 481073 1.0-1074
NC-SMEFT oy (" ) (NyuN)

Of (Ly"L,)(Nv.N) 48107 1.0-10°*
CC-vSMEFT 0%, (LuN)e(L,t,) 1.5-1077 2.0-10~*
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Conclusions. ‘

SMEFT and SMEFT

* We have shown that NA64 is a powerful experiment to explore New Physics
* Current and future data can probe several four lepton effective operators in the SMEFT and

VSMEFT completely unbounded so far and break one of the current flat directions

Current data Future New Physics Scale

llenrn]ppaal Jv* < 1.0-1072 GeV 2 |lerrlupanl /v? <1.4-1071 GeV ™2 A > 83 GeV
|C4 | /A% < 4.8:1072 GeV ™2 |G| 82 £ 1.0-307% Gal A > 100 GeV

* There is room for improvement with a better understanding of the efficiency of the experiment.
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