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Outline:
- Brief summary on the current status of the Standard Model
- Heavy Neutral Leptons in vMSM model

- Recent experimental results and future prospects
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Current status of the Standard Model

v'  Discovery of the 126 GeV Higgs boson = Triumph of the Standard Model
The SM may work successfully up to the Planck scale !

sign(OV | A] Strong coupling Bezrukov et al. [1205.2893], Degrassi et al.[1205.6947]
; Buttazzo et al. [1307.3536]

Hard to believe that this is
a pure coincidence
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Search for New Physics
v" No signs of NP seen at\'s = 8 TeV.

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: ICHEP 2014 fL dt=(1.0 - 20.3) fb-t \/_ =7,8TeV
Model Ly Jets ET™ [ram™] Mass limit Reference
ADD Gkk + g/q - 1-2j Yes 4.7 Mp . . Te I n=2 1210.4491
ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — ¢q 1eu 1j - 20.3 n==6 1311.2006
ADD QBH - 2j - 20.3 n= to be submitted to PRD
ADD BH high N, 24 (SS) - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high ¥ p1 2lepu >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
RS1 Gki — (€ 2epu - - 20.3 k/Mp =0.1 1405.4123
RS1 Gk » WW — vty 2epu - Yes 47 Gkk ma e k{Mp = 0.1 1208.2880
Bulk RS Gxk — ZZ — (lqq 2epn 2j/14J - 20.3 k/Mp; = 1.0 ATLAS-CONF-2014-039
Bulk RS Gkx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [ kiMp =1.0 ATLAS-CONF-2014-005
Bulk RS gxx — tt lepu >1b,>1J2) Yes 143 BR =0.925 ATLAS-CONF-2013-052
St/z, ED 2epu - - 5.0 M 1209.2535
UED 2y - Yes 4.8 Come ATLAS-CONF-2012-072
o SSMZ' -t 2epu - - 20.3 1405.4123
S ssmMZzZ o 27 - - 19.5 ATLAS-CONF-2013-066
& ssMw ooy Tep - Yes 203 ATLAS-CONF-2014-017
g EGM W' - WZ — (v ('l 3eu - Yes 203 1406.4456
®  EGMW’' - WZ - qqtt 2epn 2j/14J - 20.3 ATLAS-CONF-2014-039
(‘g LRSM Wy, — tb 1eu 2b01j Yes 143 ATLAS-CONF-2013-050
LRSM W'[? - th Oeu >1b,1J - 20.3 to be submitted to EPJC
Cl qqqq - 2j - 4.8 1210.1718
. Cl qqtt 2ep - - 20.3 N =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,>21j Yes 143 ICl=1 ATLAS-CONF-2013-051
s EFT D5 operator (Dirac) Oeu 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,pu 14,<1j Yes 20.3 at 90% CL for m(y) < 100 GeV/ 1309.4017
Scalar LQ 1 gen 2e >2j - 1.0 B=1 1112.4828
. Scalar LQ 2™ gen 2pu >2j - 1.0 B=1 1203.3172
Scalar LQ 3" gen leptr 1b1j - 47 B=1 1303.0526
Vector-like quark TT — Ht + X leu 22b 24 Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
§~§<’ Vector-like quark TT - Wb+ X 1eu 21b>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
3 § Vector-like quark TT — Zt + X  2/23e,u  >2/>1b - 20.3 T in (T,B) doublet ATLAS-CONF-2014-036
I S vVectorlike quark BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB —» Wt + X 2e,u(SS) >1b,>1j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
Excited quark ¢* — qy 1y 1j - 20.3 only u* and d*, A = m(q*) 1309.3230
Excited quark ¢* — qg - 2j - 20.3 only u* and d*, A = m(q*) to be submitted to PRD
Excited quark b* — Wt 1or2eui1b2jorlj Yes 47 left-handed coupling 1301.1583
Excited lepton ¢* — £y 2eu 1y - - 13.0 A=22TeV 1308.1364
LSTC a7 —» Wy Teuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2eu 2j - 21 m(Wg) = 2 TeV, no mixing 1203.5420
§  Type lll Seesaw 2epu - - 5.8 |Ve|=0.055, |V,,|=0.063, | V|=0 ATLAS-CONF-2013-019
= Higgs triplet H** — (¢ 2e,u(SS) - - 4.7 DY production, BR(H** — ({)=1 1210.5070
6 Multi-charged particles DY production, || = 4e 1301.5272
Magnetic monopoles DY production, |g| = 1gp 1207.6411
L L M S R | L L PR

1071 1

*Only a selection of the available mass limits on new states or phenomena is shown.
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LQ1(ef) x2 stopped gluino (cloud)
LQ1(e)+LQ1(v)) stopped stop (cloud)
LQ2(j) x2 HSCP gluino (cloud)
LO2(u)+LQ2(vi) Leptoquarks HSCP stop (couc)
LQ3(vb) x2 =
LQS(tbi x2 q=3e HSCP
LQ3(tH) x2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2

RS1(yy). k=0.1
RS1(es.uu), k=01
RS1(j). k=0.1
RS1(WW—4j), k=0.1

CMS Prellmlnory

s:s“:nzé% _ I ADD fyy). NED=4, MS

SEM Z'(bb) , ADD (8e,py), NED=4, MS

= e . | $ (mg :ED=4. m

SSM W' '

SSM W‘(t(\er) ) QBH, NED=2, MD=4 TeV
SSMWWZ-I | ' ' . BHJ:ta;(?ncﬁhf:Agz )

W9 e String Scale §)

Excited
Fermions dijets, A+ LLURR
dijete, A- LL/RR

coloron(jj) x2

coloron(4]) x2 Multijet single p, A HNCM
gluino(3]) x2 inclusive jets, A+
gluinofjb) x2 Resonances et ke

j+MET, SI DM=100 GeV, A
j+MEr. SD DM=100 GeV, A
y+MET, SI DM=100 GeV., A
v+MEl’ SD DM=100 GeV, A
I+MET, &=+1, SI DM=100 GeV, A
I+MET, &=+1, SD DM=100 GeV. A
H+MET, §=-1, SI DM=100 GeV. A
I+MET, &=-1, SD DM=100 GeV. A

dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single &, AHnCM

-
-
-
-
-

Long-Lived
Particles

Large Exira
Dimensions

Compositeness

CMS Exotica P

ics Group Summary — ICHEP, 2014

Mass scale, TeV

v’ My, > 104 TeV from observables in neutral meson mixing (for generic

Yukawa coupling

v' Strong motivation to search for Heavy Neutrinos
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See-saw generation of neutrino masses

v’ Heavy Neutral Lepton (HNL) is simplest and most elegant way to accommodate
non-zero neutrino mass in the SM

Leinglet = iN;8,¥*N; — Y; NFHLS, — M;N;°N; + h.c.,

S~

Majorana term which
carries no gauge charge

Yukawa term: mixing of
N, with active neutrinos to
explain oscillations

Wide range of possibilities for the see-saw scale

10"

strong coupling

a0
) ) < 1000k
The scale of the active neutrino =
mass is given by the see-saw formula: 2 01r neutrino masses
- 2 /M. wh ~Y x S | aretoo large
mv mD ’ wnere mD io v.e.v CES 105k
=
oL
Example: gw
;5 107 neutrino masses are too small;
ForM~1 GeVandm,6~ 0.05 eV ok J / J / J
it results in my ~ 10 keV and Yukawa o 07 o 1 ot 10

I ~ _7 A :‘II
COUp Ilng 10 LSND T v MSM ‘ T LHC GUT | see—saw
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HNL masses

eV t 5 .
10100 ¢ b g "t {10t
: S osc |
108 - d - VN3 @ : 108
5 a n
10%| 5 VNN, 110
| i o ]
1072} VN, a ] 1072
| 5 S i
1076} quarks . leptons > {10°¢

Dirac masses Majorana masses

v’ Strong hierarchy between neutrino and charged fermion masses

v" For HNL masses similar to the masses of other leptons
their Yukawa couplings are as those of electron or smaller
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v Minimal Standard Model (vIMSM)

vMSM ( T.Asaka, M.Shaposhnikov PL B620 (2005) 17 ) can also explain
all three SM shortcoming by adding 3 HNL: N,, N, and N,

Three Generatons Three Generations
of Matter (Fermions) spin ¥ of Matter (Fermions) spin ¥

¥ B

\%
-a.e -lu 4T

Ii;:

1.777 GV

L

Bosons (Forces) spin 1

Bosons (Forces) spin 1
c o E
] =t
Leptons
=
£
o]
~
=
-
P

Leptons

v N, plays a role of DM candidate
M(N,) ~ a few keV

v N, ; explain BAU and non-zero neutrino mass (using see-saw mechanism)
M(N, ;) ~ a few GeV

NuFact 2014, Glasgow 7




Heavy Neutral Leptons: N,

v N, should be sufficiently stable
- super-weak N,-to-v mixing such that t(N,) > t(Universe)

Observable decay mode: N, = vy
= search for mono-line in galactic photon spectrum, E, =M,/ 2

Hints for a signal have been recently reported in:

Bulbul et. al. (1402.2301) Boyarsky et. al. (1402.4119, 1408.2503)
- . . ; . ; 0.36 T T T T T
> 7 N 1 3 0.34 e )‘Ql DN~::-.-:lte.r .
2 os 3.57 +0.02 (0.03) fm'ga";?; ‘ N e = e e 38 b ]
: | rial TH e ;-,_'\LH3'53*°-°25
= u ! 0.28 }— N . -
x U6 -l '*.—1-'
€ ooof : ! ‘\ ;;Z 0.26 '_’_l-ﬁ,_,_\.‘
P et Ao0.24 |- oty
% t 148 | ," v s .:"“'.":.o,'.-’. . .:' 3 114 . : = 0.22 "
3 WS AT SR TR it ] g " N 1 | 1 | 1
8 F":— A..."“ “-: “."f?' '.".‘Q:-‘:’.;".?.ﬁ&‘- ?S“‘OV ‘;w‘ e 1107 = ¥o lize at 3.5 kev —®— |
&’ 501 't 4, fORTYYs : * * R Ny e 19 ’ « M | g10°? Line at 3.5 kaV ~ -8~
o I . 5 e T § + T —
34 ) 36 ) 4 8 -; 407’ - ? [ ‘: e - T ; + r
Energy (keV) gj 2070t } $ S e
5 - 0 '_JJ i - -- - -= * , I. * - * » - ‘
-210° * 10! jp
MN1 - 7. 1 kev 410} % L | 1 | L

3.0 3.2 3.4 3.6 3.8 4.0

U2 =~ 7 X 10-11 Energy [keV]

My, = 7.06 + 0.05 keV/
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Heavy Neutral Leptons: N,

v' There are also recent papers
on non-detection of dark matter 10° rrrry
sterile neutrino candidates:

107 -

M.E.Anderson et. al. (1408.4115) 10 |-
D.Malyshev et.al. (1408.3531)

10° = 2
~ g
= .10 L

o . g 10 8 &
v Ongoujg q'/scussmns. C ot | SF
on reliability of the signal ... ® a2
102~ 68

7]

©

v' Accuracy of the measurements 10" |- &

limited by systematics 1014 -

10-15 raaal

Will soon be checked by the Astro-H mission (to be launched in 2015)
with better energy resolution, AE/E ~ 0.1%
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Heavy Neutral Leptons: N, ,

HNL oscillations as a source of BAU: Akhmedov, Rubakov, Smirnov 98
Asaka, Shaposhnikov ‘05

v' HNL are created in the early Universe
Dramatic increase of CPV possible
v Lepton number goes from HNL to active neutrinos
v' The lepton number of the active left-handed neutrinos
is transferred to baryons in equilibrium sphaleron processes

Experimental and cosmological constraints
L.Canetti, M.Drewes and M.Shaposhnikov
PRL 110(2013) 6, 061801

DhﬂgQ\¥#{~~\\\\K\\\\_J

N |

v' Recent progress in cosmology
1076
v’ The sensitivity of previous
experiments did not probe the L 108
interesting region for HNL masses

above the kaon mass .
10~

Seesaw

10—12 | | | | |
0.2 0.5 1.0 2.0 5.0 10.0



Search for HNL at accelerators
( Recent results and future perspectives }

To set the scene (summary of the past results) :

0

10 E‘ ] I ‘ I ll I LI I I 1 I L L I 1 1 1 LI E
L ML I
10 ET - | L > NA3 ’E
NN SN N '] v Coupling strength to acti
0l \\\\ N = oupling strength to active
F USIONN O \ I 3 neutrinos is U?, where
10'3»5—?I L ‘..\ NS JI’—gl U2=U 2+ 24+J 2
. | : N 13 ___ _771 3 e " u T
q_v 10‘4 :E-I | ..- .! ------ -\- -n .\t ~ / ?= ( VM42_UM27 etC_ i _)
Z:L. -E-‘ | . ! \‘ ¥ \\\_—_—I-)E-I:P_I_-I'I_——J/ E . .
= T 3 v Stringent constraints on the
L N o 3 light My, below kaon mass
- N 3
-7 . \' . .')
E S ey 2 v The mass range above
IO-SE L ps 1o 3 charm is relatively poor
10—9 ] |.1 Lol ] Lol ] Lol explored
01 1 10 100
m, (GeV)

from Atre et. al. (0901.3589)
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Search for HNL at accelerators
( Recent results and future perspectives }

M.Shaposhnikov NP B763 (2007) 45-59

A.Pilaftsis et.al. PR D72 (2005) 113001
From cosmology: My, <M,, or M, 2 =300 GeV

(Sakharov condition =2 CP has to be violated out of thermo-equilibrium)

v MN < /\/IK
Impressive limits exist from PS-191
Will soon be validated by NA62

v MN < Mheavy flavour
LHCb, BELLE

New beam-dump experiment at the SPS (SHIP) has the best sensitivity reach

v MN < /\/IZ
Can be best explored at Future Circular Collider in e+e- mode

v My >M,
Prerogative of the ATLAS / CMS in the high luminosity phase of LHC



HNL production and decay

In Heavy Flavour decays:

S H
—__ ST
Example: "N H -
on | X > and subsequent th
N, ; production in charm v q
imi ; : decays
(s:mllar diagrams exist 5 i N [
in beauty sector) 23 M~
Vu ue TH €
/ | \
P N2’3 X Ve

v' Typical lifetimes > 10 us for
M(N, ;) ~ 1 GeV
Decay distance O(km)

v Typical BRs (depending on the flavour
mixing):
Br(N > wenrn) ~0.1-50%
Br(N 2 u/e p*) ~0.5—-20%
Br(N =2 vue) ~1-10%

Advances in theoretical understanding
give bounds on HNL lifetime

T ~ T T
01 RBN \
N \\\
Y

0.001 ¢

7 [s]

10—5 L

1077 ¢

1072

| | | | | =
02 0.5 1.0 20 50 10.0
M [GeV]



HNL production and decay

Inw * o : and Z decays:  Z° > vv > vN with BR(ZO>VN) =
> N A 2xBR(Z02>vv)x|U?| %(1-M,2/M?)?%(1+M 2/2M?)

’ “ ;‘,‘." A v, v' Experimental signal is a pair

: of the same-sign leptons and

\ two jets with no missing E+
j
Requires significant mixing ,
. . . - - Vv
with active neutrinos to have £, 5,V Zﬁgc?i%rlentrg?)f Ac;ne:g g 0 GeV/
observable effects ui,dd, yp N

Sensitivity is much increased in left-right symmetric models with W, and Z
- Both HNL production and decay receives new contribution via Wx/Zx exchange

q ft q £ q ¢t
W W N wH
anall, & ol & \ ‘.“,‘ . ft
TAYATATAY) ‘\' N VATAYA'AY, \' / LUAPATATAY) .\'
7 WWr g 7 aW- i 7 Wr
“, Ay “©,
.7}:\,/ \{ (:/
\ \,. \
\ \ \
\j j Y
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LHCb search for HNL in B 2t u u”

m CLEO: B(B~ — m "~ ™) < 1400 x 107° [Phys.Rev. D65 (2002) 111102]
» Babar: B(B~ — 7r+;f;f) < 107 x 10~° [Phys.Rev. D85 (2012) 071103]

Advantages of LHCb: B~
- Large data sample

- Flexible trigger with low threshold
- Good PID

T

short lifetime (< 1ps) long lifetime (< 1ns)

ISZII;H'C'b'””""""":”:'LH'C'b"
l0:— ®) _20_ (c) ;
5L J I ]ll] LJr I
il J» ] Tt [
ji 1 ]T'H'I‘JIL 0 } T 41‘[‘ THJFH’LfTJr H
’ m(rrppd) [MCVS;OO = o m(:;o:i w) [MeV] 5500

No signal observed in the B mass window
NuFact 2014, Glasgow
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LHCb search for HNL in B 2t u u”

v BR (B 2 atuu ) <4x10° at 95% CL ( current best limit for Ty, < 1 ps)

v’ Translated into the upper limit on U ?

E 10°F
o E
L L
8: 4 ol 1
107 F R
D E Z" ,
1000 ps 10 :
:_i:'_% 32 v 10 —E E_
107 -
10 g E
' A A l . ' A ' l A A o ' l ' A ' A l A A ' A E E
1ps 1000 2000 3000 4000 5000 10— T T e 00000 5000
Neutrino mass [MeV] Neutrino mass [MeV]

Sensitivity will be improved with more data and analyzing more

decay channels

16
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BELLE search for HNL

0.7;: -

v Search in B=XI1,*N with NI, *x* 025}
X is reconstructed using missing mass QP E—

technique 75

v' Selection depends on M), 025]
- for My, < 2 GeV X is D(*) only e -

- for My,> 2 GeV X is D(*), light meson 0~07§::

or nothing 025}

A I R T B

. ) . M(Vh) GeV/c
BELLE upper limits on U_? (left) and U ? (right
e 7
l; L !. T II T T T T T ; l; - _L\n 7 T T T %
- - 1 ] C | \’\ 3
10'F : ] 10k | S ;
- | ] 1' I \‘\\ Belle
10’2? E | 1078~ \r]w i
[ 10-32" E E - 10-3; k\ \.\\'\ I' 3
= 104;' . , 510—4é_ ‘.\:T_*‘ \,\ \: ;cimn.vm k
: .............. : -: '... \\-’ ' = e e e mcm -
10°g E DELPHI 3 10°F DELPHI
3 3 - BEBC
0% <20 ,: 7 10 E
) N g 3 ey .
10 E | ' | T | |-.E 10 3 | " ll. | E
05 1 5 10 05 1 10
M, (GeV/Sd) M, (GeV/c)

Expect much improved sensitivity with BELLE-2 data
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ATLAS / CMS search for HNL

Unique possibility to explore HNL mass range above 100 GeV

v’ Experimental signature: two same-sign leptons and no missing energy
Majorana-type N would contribute to the signal with
both opposite-sign and same-sign leptons. Same-sign
lepton events have much lower SM background

v' With currently available data samples experiments are q
only sensitive to large U? (or short lifetimes) of N
For U? > 104 (and M, = 50 GeV) a typical N flight
distance is < 100 microns

v No use of detached vertex possible

- large backgrounds from multi-jet events with faked leptons or leptons
from b-decays

q

> 25 ey 70 -
8 C BN Misidensfied Muon Bignd . 8 60 3
! 20 ;:l-aoeev.ew 2. o025 | 2 BN SM iTeduchie Bignd =
E - my, = 130 GeV, ,qg-o.m . - 50 —— nm:t‘agocgv‘.lrve.r;_obogs =
e u my =210 GeV, [Vad* =025 | @ —m, eV, Vopd? = 0. 3
9 15 ¢ Data - S 40 ——— My =210GeV, [Vepnd“ =025 | 3
Y F CMS 2011 ] = :
C = ] w 7
10 =TTeV =498/ 0 } 33572'?:\]: L=1088"  °
i - (a) pp= . 20 (b) exe= E
. N 10 =
0 . 0 =

0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000

H,jj invariant mass (GeV) e,]] invariant mass (GeV)
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First direct limits on U,?(CMS) and U 2(ATLAS&CMS) for M\>M,

(assuming that only one heavy neutrino contributes to the production cross-section)

g 60"'I'"I"'I"'I'"I"'I"'I"'I"'I"': o, 15""'""'_","""""""""""""'E
§ g ATLAS Preiminay e obsensatims E >* | ATLAS Preliminay _ :
::1 JLdl=4.7 ! weonn Expocted Limi E : J-Ldl=4.7fb - B
? 40 f5-7TeV .Ex d Limit = 16 _: 107 \’§=7Te/\l// —
Z T oo :
? 30 Expected Limit + 26 —: :/ ]
g 2 _E i —e— Observed Limit i
= : 102 axsg@es: Expected Limit =
5 ] = [ Expected Limit : 1o ]
10 _: C Expected Limit + 26 ]
T T B —— — CMS Limit (4.98 fb", {s=7 TeV) |
f00 720 140 160 180 200 220 240 260 280 300 1035620540760 T80 500 520" 540" 560" 580500
my [GeV] my [GeV]
o 10 10
= CMS 2011 a) _ b
e e -1 CMS 2011 )
2 1 =7TeViLdr=4%88 g 4L VF=TTeV [Ldr=498 fo '
10" ,
10°
107 ;
— 107?
10° A B CL; Expected 21c
....... i CL, Expected £2¢ 10°
«F / —ClzOpsenves | [ T E .
10 / -— L3 Limits
s —— DELPHI Limits 10%
-5 OR[N T TN TN T T NN T SN TN NN TN NN TN U SN NN TN SN S (NN SN TN S SN SN T T '
b 60 80 100 120 140 160 180 200 10°
my (GeV) 60 80 100 120 140 160 180 200
my (GeV)
Expect more stringent limits with Vs =8 TeV, and 14 TeV LHC data
19
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Increased sensitivity to HNL in left-right symmetric models

Model-dependent ATLAS and CMS limits on My, (and Wx)

% - -Witrl1 mixing, ee+up+eu, Expected ,I 1 %‘ -« With mixing, ee+uu+en, Expected e
E. - ==« With mixing, ee+up+epn, Observed -~ 1 E ~ ==« With mixing, ee+uu+ey, Observed g
EZ - == No mixing, ee+uy, Expected .-~ Ez - == No mefng. ee+uy, Expected
2| — No mixing, ee+uu, Observgq e det =21t 2}~ — No mixing, ee+uy, Observ?c_!_ . det =21 fb"
- ATLAS o 1 - ATLAS -
L Ns=7TeV _ L Ns=7TeV |
| SS+0S | - |08 L
@ i < c_,
1 el 1+ ‘(\w‘
: type 1 inverse
} seesaw 3
] rac "
............. 1 1 ) ————— " n |
0 1 15 2 2.5 0 1 15 2 25
my,_[TeV] my, [TeV]
A A .
o 2.4 e ,‘,9-7.“? ](s'lje': - 2 4y 18.7 b ](q[ev:
o 22| CMS T Otenred | e 22| CMS = Otearved |

Independent on mixing

effects with active neutrinos

- Can probe HNL masses
up to 2-3 TeV
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g(pp—cc )[ub]

New beam-dump experiment at the SPS

New possibilities in intensity frontier (SHIP facility) at the SPS/CERN
“Beam-dump ”’ is an ideal instrument to search for weakly interacting
heavy neutrinos (below charm mass)

v' SPS can provide ~2x10?0 protons-on-
target in 4-5 years assuming the
same operation as has been
demonstrated during CNGS run

v’ Large charm production cross-section

v data sample with >10"7 D, >10"° ¢ !

NuFact 2014, Glasgow 21



Experimental requirements

HNLs produced in charm decays have significant P;

£ 008 Polar angle of u
g0.07 0 =
N\ z: 0.06E from N%W‘E E
L---m 77T o r 3
- )" i g 005f E
S L 'S 0.04F =
p L Toh- - e c C ]
\ " detector g 0.03 —
(6] F 7
S o02F =
0.01F =
ok L P B M atten wms
0 0.1 0.2 0.3 0.4
0 (rad)
Detector must be placed close to the target to maximize
geometrical acceptance
Effective (and “short”) muon shield is essential to reduce
muon-induced backgrounds (mainly from short-lived resonances
accompanying charm production)
NuFact 2014, Glasgow 22



SHIP experimental area

Initial reduction of beam induced backgrounds Acceptable occupancy <1% per spill

of 5x1073 p.o.t.
- Heavy target (60 cm of W)

- Hadron absorber For 1s spill duration = < 50x106 muons
- Muon shield: optimization of

active and passive shields is

underway

Generic setup, not to scale!

neutrino

Vacuum

Proper optimization of the muon shield is one of the key issues!
23
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Initial detector concept

Detector uses existing technologies and would require a modest R&D phase

Main elements: long decay volume, magnetic spectrometer, muon detector
and electromagnetic calorimeter, preferably in surface building

Magnet yoke

Magnet coil

Electromagnetic
calorimeter

Veto chambers

Decay volume ‘ (
v' Long vacuum vessel, 5 m diameter, 50 m length
Background from active neutrino interactions

becomes negligible at 0.01 mbar

v' 10 m long magnetic spectrometer with 0.5 Tm
dipole magnet and 4 low material tracking chambers Muon filter
NuFact 2014, Glasgow
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CERN

CERN Task Force to evaluate /N 1969950 | 10 | RELEASED )

required infrastructure . ( — )
EN-DH-2014-007
Swtzerzna @ Engineering Department
p Dot : 040702
Report

v Following SPSC review, CERN DG
has formed a dedicated Task Force A new Experiment to Search for Hidden

to evaluate required infrastructure Particles (SHIP)
at the SPS North Area

v' The Task Force report published
and discussed at the extended
CERN directorate meeting in July e scope of the recanty propass experiment Search for Hasvy Nestral Laposz, ECE-S10,

includes a general Search for Hldden Particles (SHIP) as well as some aspects of neutrino
physics. This report describes the implications of such an experiment for CERN.

Preliminary Project and Cost Estimate

DOCUMENT PREPARED BY: DOCUMENT CHECKED BY: DOCUMENT APPROVED BY:
G.Arduini, M.Calviani, S.Baird, 0.Brining,J-P.Burnet, F.Bordry, P.Collier,
K.Cornelis, L.Gatignon, E.Cennini,P.Chiggiato, F.Duval, M.J.Jimenez, L.Miralles,
B.Goddard, A.Golutvin, D.Forkel-wirth, R.Saban, R.Trant

R.Jacobsson, J. Osbome, R.Jones, M.Lamont, R.Losito,
S.Roesler, T.Ruf, H.Vincke, D.Missiaen,
H.Vincke M.Nonis, L.Scibile,

D.Tommasini,

L 25

NuFact 2014, Glasgow




SHIP experimental area

Future SHIP &

Extension Area
J 1x new MBB ToC2

splitter 1 I 8xnewMos l SHIP beamline
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TARGET HALL
~ 20m wide

Detailed civil engineering and target station plan
evaluated by relevant CERN divisions
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Planning schedule of the SHIP facility
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A few milestones:

Form SHIP collaboration - June-September 2014
Technical proposal > 2015

Technical Design Report > 2018

Construction and installation 2> 2018 - 2022

Commissioning -> 2022 -2023

Data taking and analysis of 2x10%° pot > 2023 - 2027 NUFact 2014, Glasgow
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SHIP sensitivity to HNL

v' SHIP will scan most of the cosmologically allowed region below
the charm mass

v' Reaching the see-saw limit would require increase of the SPS intensity by
an order of magnitude (does not currently seem realistic)
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How to extend sensitivity to higher masses
v' Use processes Z 2 Nv with N 2 lepton + 2 jets

BR(Z > vN) = BR(Z > w)xU2, Ty = G2xM3xUXN yoa, cranmess / 19277°

L N

v' Assuming data sample of 1072
Z decays one can reach very  ¢° T
interesting sensitivity for o | -~
M, > 10 GeV S el NG | T T

v' Expected sensitivity of FCC 3
in e*e-mode assuming zero > 10" —
background 10" L o ol WW L T —— .
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Summary

v New experimental campaign to search for heavy neutrinos is very timely
v' The impact of the discovery of a heavy neutrino is hard to overestimate

v Impressive prospects:

NA-62 ( < M, ) starts data taking this year

LHCb upgrade and BELLE 2 (< M,,,,) after 2018

eau

SHIP (<M,_,.) is planned to be ready in 2022
Will also explore other hidden portals of the SM

LHC in high luminosity phase ( > M, ) after 2025

FCC ine*e  or TLEP ( < M, ) after 2030
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