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New CF-violating signal

« ATLAS observed a new CFP-odd effect in the Zjjchannel
[t can be interpreted by a dim-6 CFP-violating op. in SMEFT

C C—
L 2 %’BOHWB % € [0.23,2.34] TeV

[2006.15458 (EPJC), ATLAS collaboration]

 Might be a new CPV signal beyond the KM phase in the SM

« Renormalizable model introducing vector-like leptons (VLLSs)
Fields Urr Err Nr.Rr H
sU@), | 2 1 1 2
Uly | Y |y—1/2|Y+1/2] 1/2

can be written by Yukawa interactions of VLLs
[2009.13394 (PRD), S. Bakshi, J. Chakrabortty , C. Englert, M. Spannowsky, P. Stylianou]

CHWB

Toshinori MATSUI [KIAS] The 2nd AEI & the 10th KIAS workshop on BSM at Jeju, Nov 13 — 18, 2022 2/1 5



EW baryogenesis

« Solves baryon asymmetry of the Universe

« Qur extension to satisfy the Sakharov conditions

1.A B#0 < assign the baryon number to VLLs
2. CP-violation < CPphases in interactions of VLLs
3. Out-of-equilibrium (1sterder PT @EW scale) < multi-Higgs extension

« We propose a model with gauged U(1)g symmetry

Fields | W, | Vg | EL | Er | No | Ng H, H, @
SU2)L || 2 2 1|1 1 2 2 1
Uy || -1/2|-1/2| =1 ] -1 ] 0 | 0 1/2 1/2 0
UWlp || B. | Bo | Bo | By | By | By || =(Bi+By)#0| 0 | (B, —By)=-3

(Hz) _
() = tan
(p) = v/ V2

« To avoid FCNC, £, only couples to H, by U(1)g; type-I 2HDM w/o extra Z,

« Anomaly cancellation
« To obtain m2,HIH, ,(B1,B,) = (—3,0) is chosen:AV =
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 Neutral Gauge
e Scalar bosons:
e Fermions:—cy,..

Model parameters

bosons:[mz,mz,e] <1

= (yonVLNr + JunUrNL) Hy + (y5 5 U5 Ny, + Jyn¥Y5NR) 5
+ (yoeVLER +JvrVREL) Ha

_ _ _ 1 _
+yoVVro+ (YN, o NLNRr +yeELER) " + §mNNLN}j + h.c.,

« Complex Yukawa’'s (9*2)+Majorana mass (1)

» We can remove phases of (Y, YE, YN, 5, TN )
« 3 dof are taken independently among remained 6 complex phases

e Charged ferm

ion: 2 mass[,E 4+ 1 mixing angle + 1 CP-phasefyg

« Neutral fermion: 4 massfy?,, |+ 6 mixing angle + 2 CP-phase
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Outline

» Signal strength (gg—= A— y y) = Uy
« Scalar mass constraints — m, & my
- Higgs coupling measurement (« , « ;) — tanB & sin(B-a)

« Predictions
« EW-ino searches — myq & my =
 Rho parameter — m~ -~ -
e Electric Dipole Moment — (Oon, 04N, 0uvE)
« CP-violating signal at ATLAS | 3-independent CP-phases

e Discussion
e« Conclusion




[ Charged fermion contribution
| e > 800 GeV

| Charged scalar contribution
* A ppen. © My2i= MF

M xmy

-5 j « Small m, — non-decoupling limit (i)

v, S O(1) TeV

10 15 20 25 30 35 40 e« Large my— decoupling limit (eq)
Logq[v,/GeV]
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Scalar mass constraints

Vacuum stability and perturbatibiy A; [v¢=103GeV]

Toshinori

0 200 400 600 800 1000

Vacuum stability
min {,\1,2750, a+2vbe, 4AN, — 2\ N0, + \/ (A2, — 4MAL) (A2, — 4,\2A¢)} > d,
Where (a, b, C) = (A, )\1, )\2), (Algo, )\1, )\go)’ ()‘24,0’ Az, )‘ga); A = )\3 -I- min(O, A4)

ma < 364GeV  (mp+ = 350GeV)

Perturbativity >\z <47
e <600 GeV

h — AAis avoided by 1M A ZJ mh/2|

Flavoerexperiments : it would be safe if
mp+ = 350GeV, tan[ 2> 2
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Higgs coupling measurement

_ ChXX

ChX X

1.4

(Sp-artp)=(0.97,10%)

’ 20 | CB—a
1.2¢ Sp-art4)=(0.99,10° | o
| Aomag | Kf = Cag (85—“ )

& tg
I (s Sorey 1089409 1 ~ —
1.0¢ Fat ] Rz T Rw = Cay SB—a
L 1 VaaR/4
0.8 1 =z <1
I ] myz
07 08 09 10 11 12 sin(ﬁ — a) Z 0.99 if tan,B — O(l)
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(D EW-ino searches

« Two CFP phases for neutral fermions are scanned
« Absolute value of Yukawa Cogvfl)lings are fixed

ino searches Direct search bound; m,, o/GeV=
* Input parameter: 250 [y ey R} I ey
(mpg+,mpg,ma,mg;mz) I 3 E
— (350,350,100, 96;0.1) GeV, 2001 o1z | o5 & X
(vo/GeVitg, sg_a, 1, 25 €) 15001 ] =
— (800,2,0.99,0,0.1; ~10~3), S °L o0
(YN YS N YOE, YO, YNy s Yo, My /GeV) 100] s
— (0.15,0.15,0.60,0.20,0.30,1.00,500), | s
Jon = yon Ton = Yin JvE =yuE, : R
bun =04y =bvp =05 =0y = O, =0 00 H00 200 300 400 500 600 ‘1'971_0 o5 00 05 1_6
Mmy,- By TT
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@ rho parameter

* Pl-loop — 1| = (Aptree + A)Ogauge) + aem(Tscala,r + Tfermion)

e pexp = 1.00039 %+ 0.00019

(1)

— 1.0 —rr . —
(* 1) APyeetDPgayge [ =Mz ] O\J::\.\ N N \\
-4 -3 -2 -1 0 1 2 = L NN N Nt NNRN |
]. 1070 o e 10, 108 MH Y= | SRRRRRY RN RN Nl
ptree (custodial symmetry) I 2‘, SRR AR S
45| 0.5 85 o NRRRRRRRRE
Independent parameters ’UQO > v ’ RRRRRRN
/ K
(g)g 7v7v90) S 10* ' >~ 1
U 00
I 8 .5 ':>r~rscalar o OI z I
= 10 («n
(aemaGFymZaptree)> RRRRRAT
10% ) i RRRRRRR
2 m%, Sparameteris  -0.5: RRRRARRRAY
Apgange = &illoop | 1 — —5 s B RN RN RN,
my /) 25l : not sensitive to 'R N N SRR
P ; 5 RN, Rt N 0
Z-Z'mixing at 1-loop i two CP-phases \C R N ] C
102 o2/ [0/ ARk 4 2. -1.0
0% 102 102 10" 10° 10! 102 -1.0 -0.5 0.0 0.5 1.0
VA < 0. ]. GGV (taken an example for a set of Yukawa couplings)
RPN m»/GeV Buwn../TT

(*1)

(*2)

(*2)

T [1o(dark blue),2a(light blue)]
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eEDM nEDM
10_227 10—22,
10_247 10—24,
/g 10—26, : /g 10—26
2 2
E 10728 1 E 10728}
10_30, 10—30,
O T e TSl O T e 4 2 o
~
LogiolBue/m] T~ Logo[Oye/TT]
TN
» Electron EDM: Cancellation P > gtot ~ gHv 4 gWW |
- L l
- Neutron EDM: Impose a condition &P > dtot ~ ¢qWW;
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@ CP-violating signal at ATLAS

« Dim-6 CF-violating op. in SMEFT

leszVB (H' 7% H) W5, B* 3 Cffng (_%(wh)z) (=c sw ew)Zyu 24
%VB € [0.23,2.34] TeV 2

[2006.15458 (EPJC), ATLAS collaboration]

- =

Bzzn~ [ATLAS (Yellow)]

« LN mterac’uon at 1- Ioop

Azzn > Bzzn hZ,., ZH
k+p k+p+r

Bzzn € [0.049,0.157] TeV ™}
f %H" q
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Summary

BMC800
1.0 -
0.5 ded |
K
(T L
L, 0.0
>
S
-0.5F aeqg
-1.05 s
~1.0 -0.5 0.0 0.5 : yellow
quN,.,/JT
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Discussion

« EWBG (future work)

« Strong 1st order phase transition at EW scale & Gravitational waves
« Estimation of the baryon number

e DV
« Accidental Z,after U(1)g breaking: ¥, g = -V r, Np.r— —NLr
e The S| cross section for fermion DM with scalar mediator

4 2 mn™m,,o
os1 = 2 sl f&, u= Y1, reduced mass
s TN+ 1,0
L Z CopyRoff 10 Cq Cay Say MY < 11
B ¢=h,H.S U(t o m?ﬁ) B SBU U(P mi m% (O( 1:O iS taken)

« Can be suppressed by taking mg¢ ~ m,
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Conclusion

« ATLAS observed a new CF-odd effect in the Zj/channel which
can be interpreted by a dim-6 CPV op. in SMEFT  [“4%s5 ¢ [0.23,2.34 Tev 3

A2

» We have proposed a model for EWBG with gauged U(1)g
« New fermions are assigned U(1)g charges & generate CP phases
« In scalar sector, (H;,, S) are introduced & break U(1)g

» We have derived constraints in Yy, (mz, my, my.), (tg, s5.4)

« At fixed Yukawa couplings, we have shown predictions in CF-
phases considering bounds on (EW-ino searches, 7 parameter,
EDMs) which are consistent with CPV signal at ATLAS 5.,  0.049,0.157) Tev—}

« Complete work for successful EWBG is planed as future work

D e~
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Backup
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Model

SU@B3)c | SU(2)L Isospin UQl)y Ul)em U(l)p | Flavor | Z,
Fields T3 Qv | Q=T>+Qy | Qx i

Qb = (uy di)T 3 2 (1/2,-1/2) | 1/6 | (+2/3,-1/3) | 1/3 3 +1
u'y 3 1 0 2/3 +2/3 1/3 3 +1

di 3 1 0 -1/3 -1/3 1/3 3 +1

LY =@t e)T 1 2 (1/2,-1/2) | —1/2 (0,—1) 0 3 +1
e 1 1 0 -1 -1 0 3 +1

U= (0 w)T 1 2 (1/2,-1/2) | —1/2 (0,—1) -3 1 -1
Up= (0% wy)T 1 2 (1/2,-1/2) | —1/2 (0,—1) 1 -1
E; 1 1 0 —1 —1 1 —1

En 1 1 0 —1 —1 -3 1 —1

Nr 1 1 0 0 0 0 1 ~1

Ng 1 1 0 0 0 -3 1 ~1

Hy = (o7 DT 1 2 (1/2,-1/2) | 1/2 (+1,0) 1 +1
Hy = (¢35 )T 1 2 (1/2,-1/2) | 1/2 (+1,0) 0 1 +1
® 1 1 0 0 0 -3 1 +1
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Lagrangian

£ — £YM + Egauge - V + ﬁkin —I_ ‘CySM + ‘Cynew )
where

1 1. . 1. . r
Lyva= = ;W - WH = 2B, B — 21X, X" + %B””XW ,

Ega.uge = |D,uH1’2 + |DMH2|2 + |D,u()0|2 )

2
V = M|+ Dol Hal* + Xl By P Haf + M |HHa |+ 20 (0"0)?

+ (App* o +m3) | Hi|* + (Aapp™p +m3)| Ha|* + m?ogo*go + AV +h.c.,

—iLyin = VY DV + VDV + ELDE, + ERDER + N DNy, + NrDNp ,
—Lyon = Yu @L UR ﬁ; + (yd @L dr +ve L1, er) Hy + h.c.,
—Ly,.. = WenVLNg + JanUrNL) Ha + (yGn V5 NL + T n V5 Nr) Hi

+ (yeeVLER +JusVREL) H)

s nNT T * 1 NT. NTC
+yoVrVYre+ (YN, NLNR + Y ELER) ©* + §mNNLNL +h.c.,
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CP phases

e 3 physical phases
Im (yq,Eg:;Ee—i (B +9yE>) = sin(fup — Oyp — Oy — 05) |
Im (Fonygye o) = sin(Bgn — 05y + Ov) |
Im (yq,NﬂfI,Ne_i ((’W”wNLR)) = sin(fyn — 05y — Ou — 20y, ,)
* We define 3 independent phases as

n ne
(Oun,05n,0uE)
taking un = 055 = 6up =05 = 6y = O, , = 0.
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rho parameter at tree / (S, T)<caar
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