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Outline of the talk

* Collider searches of Heavy Neutral Leptons (HNL) (/ HNL +

» How to reinterpret the bounds on |V, |“in two cases:

* One HNL (e,u,7)

e Two HNLs interfering in the LNC/LNV processes (W™ — ¢ 1+ £ zi qq’)



Neutrino window to new physics

Neutrino oscillations establish that at least two of the SM neutrinos have masses # 0O

see [2111.03080]

New neutral fermions are common byproducts of v mass generation.

The case with 2 HNLs is the minimal phenomenologically viable when embedding a seesaw.

Searches for heavy neutral leptons: beyond simplified scenarios | G. Piazza 1718 Planck 30/05/22



HNL collider searches

3 leptons + ME
[1802'2;'28965] LNV, LFV or LFC | pp — £+65¢5 +ME (12,3 = poe) | [1,1200] GeV
[19(?;;?;87] LNV, LFC | pp = £ ¢* ¢+ ME (¢V = p,e) | [5,50]GeV
2 leptons + jets
[150@.5@220] LNV, LFC pp = (65 ) (L2 =p,e) |[100,500] GeV
1806:0005] LNV LFVOr LFC  py s £%£% ) (£ = pe) |[20.1600] GeV
[201L1|._|OCS|Z63] LNC or LNV, LFC pp = uuTj [5,50] GeV
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Experimental searches generally assume one generic HNL 1

and single mixing hypothesis (V) |

e — e ———

lepton-number-violating
lepton-number-violating corrected Vs ="17,8TeV
lepton-number-conserving

lepton-number-conserving corrected

LHCb
[2011.05263]
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Relax these assumptions: vy=| Vruns
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HNL collider searches

3 leptons + ME

LNV LEV or LEC | pp = £/ ¢S+ ME (1 23 = ji.0) ,1_ 1200 G_e_V
U ATLAs | i NN 0 _ N
% | 1905 09787] LNV, LFC pp = € f £~ + ME (f I, e) [5 5()] GeV

LTI TS Yy lvn‘e‘bz- lﬂ‘ LW, ‘— =, .0"-" = 07‘;“5 ’8.., e oce “"' -ﬁm oz e ;v,'q, 2
g o = - . o B L o o 359fb|(13TeV2
= CMS Y/
. 95% CL upper limit i
ATLAS S
1506.06020]] NV LFC pp = ¢ityj (1,2=p,e) [[100,500] GeV oL / _;
CMS 1INV, LFV or LFC * ok
[1806.10905] |~ V" pp > 7 C7] (£=pe) [[20,1600] GeV 100 - 5
LHCb n L. E === Expected — L3 ;
_ 5,50 G V 4 s 68% expected EWPD |
[2011.05263] LNC of LNV[ LFC pp — //t //t ] [ ] ¢ 10 . -95"2expected — ATLAS 8 TeV §
10—5 g_-' o | | ---I-- T:Mls 1I3'Il'e\IITriIept —;

10? 10°
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HNL collider searches

3 leptons + ME

CMS LNV, LFV or LFC | pp — ff_bﬂ;—fg +ME (1,2,3 = pu,e) | [1,1200] GeV
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2 leptons + jets: generic mixing pattern (1HNL)
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2 leptons + jets: generic mixing pattern (1HNL)

e\ 1 = L =
> — o lepton-number-violating LHCb :
= 10! i ¢ lepton-number-violating corrected Vs =17,8TeV —
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2 leptons + jets: generic mixing pattern (1HNL)

F(W+ — Lﬂ+fﬁ qq) — F(W+ —> f;—N) X Br(N — ﬁ_qq ") ‘Va ‘ 5 Br(N —

C(N = ££q7)

» Single mixing (a = f): Fsmg = |V N\ZF“
I_WN
» Generic mixing: FGen =V \2Fe + |V \2F” + |V y|°TF
eN uN N1 LN
‘ piNy ‘Gen ‘ HINy ‘Smg FSing
N

7/18 Planck 30/05/22
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Vol =V | —
Ny 1Gen — | " uN, ISing Sing V
N

1.0 ® General Mix.
W Single Mix.

5x10—5§
- Preliminary
' 1x10-5"““"“""1“""“'
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[ Ven I7/Viet 1V P = 1V P+ 1V P+ [V I My |GeV
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2 leptons + jets: generic mixing pattern (1HNL)

Fixing (M, Vt%t) and scanning the parameter space in the ternary plot, check which points are allowed
after the rescaling of the bound.

L0 ® General Mix.
Single Mix.

Preliminary
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2 leptons + jets: generic mixing pattern (1HNL)

Fixing (M), VZ,), and combining the searches on (e, ,e — i ):
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2 leptons + jets: 2 HNLs (single mixing)

V = VPMNS
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2 leptons + jets: 2 HNLs (single mixing)

lepton-num/
lepton-num!
lepton-num

ber-violating
ber-violating corrected Vs ="T7,8TeV
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2 leptons + jets: 2 HNLs Interferlng

Deﬁnmg Vf N, = | Vf N | el% '4 and assummg\ Vle‘ S \ V/Nzl , M =~ M2 = M, AM12 70, I =1, =1

TW* = £5¢599) |y gn, = TWT = 56593 |y X2 F(y,5¢7) '
S5 @

F(y, 5F) = (1 + cos 5 _ sin Spt—2 )

1 + y? 1+ y?

y = T s 5¢i — (¢a2 - ¢a1) == (¢ﬁ2 - ¢ﬂ1)’

k5g15_=0 for a =pf
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2 leptons +jets: 2 HNLs (single mixing)

+ + 1 : +
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Searches for heavy neutral leptons: beyond simplified scenarios | G. Piazza 12/18 Planck 30/05/22



2 leptons +jets: 2 HNLs (single mixing) _| .

+ 1 : +
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2 leptons +jets: 2 HNLs (single mixing) _| .

- - 1 - -
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Combining LNV & LNC, ,
What is the maximum allowed value for |V | ?

We can maximise LNC and LNV bounds over [y, 6¢].

0.001 MN=5OGeV
5:x10_5 ‘ VHN ‘ENC B
Excl. by LNC T 2 :
>§ 0 001 ‘ VuN | ENC

O0TE VN | Env
— 4 Excl. by LNV 1 | Vin [inv
5.x107% 2 y

1 x 10—4 | 1 | 1 | 1

0.5 5 50 500
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How to get a conservative bound?

We can maximise LNC and LNV bounds over |y, 0g].

Combined
conservative

bound.

Impossible to relax
the bound above
this value, even
with interferences.

0.100¢

MN=SOGeV 1
, | Vin | Enc -
| Vin | Enc
VN | Eny
4 Excl. by LNV 1 ‘ “z | iy
0.5 5 50 500
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Combined bound with interferences

. 2
Identitying |V N |yax fOr €ach My, we get:
0.005-
0.002 LNG
| .
me
~Z 0001 GO _




Conclusions

* Bounds on HNLs in the simplified scenarios are often over-constraining if naively
applied to realistic models;

* Actual bounds are model and benchmark dependent, and must be recast;

* It is crucial for experiments to perform BOTH LNV & LNC searches to get
combined bounds.
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Thank you!

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Curie grant No 860881-HIDDeN






Outlook: Inferring details on Low-Scale SeeSaw

e S ————— R S —————— S —————— S ————— R S ——————

Our approximations are justified in the L-S ss IDegeneracy N, &Ns : My~M:, Ty~ FSJ

1 1

C

— > _C — —  _C
Lrg = —mDI/RI/L—MI/RI/S—E//tSI/SI/ — —Uplplp+h.c.

S 2

1€ 0 M U in the see-saw limit MN4,N5 ~ *+ M + @(//t)

N,, N5 almost degenerate and with opposite CP phases = |AM < M, o¢y = n V

LNV & LNC searches can test LowScale SS models;
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