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Why, how, where LLPs?

® Answers to a range of unsolved questions can generically lead to LLP
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LHC BSM program: new physics either heavy and/or feebly coupled and/or leads to soft

final states

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

Overview of CMS long-lived particle searches

Status: March 2022 fL dt = (3.6 —139) fb? V5=8,13TeV
Model ty Jetst ET™ [ratm) Limit Reference
T T T T CMS Preliminary 3-140 b1 (8,13 TeV)
2 :gg Grx ~g/q Os,éuw 1-4]  Yes 139 |Mp 112TeV n=2 2102.10874
S non-resonant yy Y - - 36.7 Ms 8.6 Tev n =3 HLZNLO 1707.04147 G- - - " i 3 m -1
2  ADDQBH - 2 - 37.0 (M 8.9TeV 1703.09127 RPV UDD, ? tbs, my = 2500 GeV g 210413474 (Jets with displaced vertices) 140fb~* (13 TeV)
S | ADD BH muljet - 23] - 36 |Ma 9.55TeV| n=6, Mp=3ToV, ot BH 1512,02586 RPV UDD, §-tbs, mp = 2500 GeV § 2012.01581 (Displaced jets) [N oG0s=0m 132 b7 (13 TeV)
E  RS1Gk -y 2y - 139 | Gimass 45TeV K/ Tp — 01 2102.13405 - — z o
E Bk RS G - W22 muli-channel 361 | Gucmass 23TeV M =10 1808.02380 RPV UDD, t-dd, mi= 1600 GeV t 2104.13474 (Jets with displaced vertices) [N 000035=0087 140 o7 (13 TeV)
Bulk RS Gy — WV — (vaq Teu  2)/1J Yes 139 [ Gucmass 20TeV KM =10 2004,14636 g : L ooo-imm -
& BukRs oot Ten =1b 2102 Yoo 361 | sexmass 28TeV fm— 15% 180410823 RPV UDD, t-dd, m:=1600 GeV ¢ 2012.01581 (Dispiaced Jets) 1207 (13TeV)
2UED / RPP leu >2b>3] Yes 361 |KKmass 1.8 TeV Tier (1,1), BAM — ¢t) =1 1803.09678 RPV LQD, t=bl, mi= 600 GeV t 36t~ (13 TeV)
SSM 27— £t 2en - - 139 [Zrimass: 5.1 Tev 1903.06248 RPV LQD, t-bl, mi=460 GeV t 118 fb* (13 TeV)
SSM 2/ - 2 - st |z 2.42TeV 170907242 . :
2 Coptophobic 7/  bb & 361 |2 mess 2176V 1005.09299 RPV LQD, £-bI, mi = 1600 GeV t 2012.01581 (Displaced jets) [IIIIN0005=0245 132157 (13 TeV)
'§ Leptophobic 7" — tt Oeu 139 | 2/ mass. 41 Tev rim=12% 2005.05138
SSM W’ — Tequ 139 | W’ mass 6.0 TeV . =
% SSM W’ — 1 1 139 | W mass 50TeV ATLAS.CONF-2021-025 GMSB, §»gG, my=2450 GeV § 2012.01581 (Displaced jets) 0.006-0.55 m 132fb7 (13 TeV)
SSM W’ — tb - 1 139 W’ mass 44Tev ATLAS-CONF-2021-043 - - - i =
8 | HVTW 5 WZ o fvagmodel B 1eu 20/1J° Yes 139 | Wemass 43 TeV GMSB, g-gG, mg= 2100 GeV g 1906.06441 (Delayed jet + MET) 032-34m 137 b~ (13 TeV)
G :ﬂ w/ - m{l - gv If’é model C lﬁ):u Z‘JéVE;)J Yes :gg w mass 340 GeV — ; ATLAs—g;NDFS—zzm—oos Split SUSY, §-qqx3, m; = 2500 GeV g 2012.01581 (Displaced jets) 0.007-0.36 m 132 fb* (13 TeV)
’ — WH model u 21b = ’ mass e &= - s
LRSM Wg — ulg 2p 14 - 80 | We mass 5.0 TeV m(Ng) = 0.5TeV, &1 — gr 1904.12679 Split SUSY, §~qdx3, m; = 1300 GeV g 1802.02110 (Jets + MET) <lm 36~ (13 TeV)
g: z(:;]qq al i - 370 [a 218TeV 1, 1703.09127 Split SUSY (HSCP), fio= 0.1, my = 1600 GeV g CMS-PAS-EX0-16-036 (dE/dx) >0.7m 13fb~? (13 TeV)
aq e - - 139 A BTV 1, 2006.12946 - .
Ol eebs 2e b _ 139 |a 18TeV. =1 L 210513847 ﬁ; mGMSB (!1?(:?1 tang =10, u>0, m: =247 GeV T CMS-PAS-EXO-16-036 (dE/dx + TOF) >7.5m 13fb~* (13 TeV)
g:,,,‘bs 2 Qbﬂ ; - 3163? : 2'0;2‘!” . \gf\ \ ?;?? ;x;; 2 Stopped t, t-tx{, mi =700 GeV t 1801.00359 (Delayed jet) 60-1.5e+13 m 39fb* (13 TeV)
et >tep  >1b>1) Yes 57 Te! il = P, . .
\ fp =01, mg= = -1
Axial-vector med. (DiracDM)  Oenmy 1-4]  Yes 139 [Wiged 21Tev =025, g,=1, m(x)=1 GeV 2102.10874 Stopped g --qc!x,J “ 0.1.mg=1300 Gev 9 1801.00359 (Delayed jet RIS (39~ (13 TeV)
E Pseudo-scalar med. (Dirac DM) O e.t,7,y  1-4]  Yes 139 | fmes 376 GeV. m{x)=1 GeV 2102.10874 Stopped §, §-adx3(uux?). fao = 0.1, m; = 940 GeV g 1801.00359 (Delayed ) 600-3.3e+12m |39 (13 TeV)
Vector med. Z'-2HDM (Dirac DM) 0 e,y 2b Yes 139 | 31Tev £2=08, m{x)=100 GeV 2108.13301 « 5 mes . " " -
Pseudo-scalar med. 2HDM+a_ muli-channel 130 | s 560 GeV =1, mx)=10GeV_ | ATLAS-CONF-2021-035 AMSB. X QX‘J': My =700 Gev X 2004.05153 (Disappaaring track) 07230/m 1407 (13TeV)
Scalar LQ 17 gen 2e 22]  Yes 109 |LQwass 18TV 2006.05672 GMSB SPS8, )i=YG, myp =400 GeV bt 1909.06166 (Delayed v(v)) 02-6m 777 (13 TeV)
gca}av tg g: gen ?y izg :es :gg tg#“.::; — ‘11.7 Tev ey~ o1 ;u;g giggg GMSB, co-NLSP, I=IG, mi= 270 GeV i 2110.04809 (Displaced leptons) 5e-05-2.65m 118fb~* (13 TeV)
calar ¢ gen T fes e 5 — br) =
S | samia 3% gen Oe 22b Yes 139 tag mass 1.24TeV B - =1 2004.14060
SEarLa 3 gon TS v 12 ot R o i HoZoZo(0.19), Zoit = 125 Ge, m =20 GeV x CHSPAS EX0-21.006 (Displaced dimuon) Se05-5m 9B (13TeV)
Vector LQ 3" gen i 2b  Yes 139 |LQYmass 1.77Tev B(LQY  br) =05, Y:M coupl 2108.07685 H-ZoZ0(0.1%), Zo-p(15.7%), my =125 GeV, my=5GeV  x [2112.13769 (Displaced dimuon using scouting) 0.0001-025 m 101 b~ (13 TeV)
VLQ TT - Zt + X 2e/2u/z8ep 21b,21]  — 139 | Tmass 14TeV SU(2) doublet ATLAS-CONF-2021-024 H=XX(10%), X-ee, my =125 GeV, mx =20 GeV X 1411.6977 (Displaced dielectron) 0.00012-25 m 20fb~* (8 TeV)
g\ﬁ VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 134 TeV SU(2) doublet 1808.0234: i " -
§5 VIQTeaTenlTon > Wet X 28923 en21b21] Yos 361 | Tanmass 1.64 TeV. B(Tojs = Wi)= 1, c(TosWh)= 1 1807.11883 § HOXX(0.03%), X-3il, me =125 GeV, mx=30 GeV X 2110.04809 (Displaced leptons) 0.001-0.12m 118 fb~* (13 TeV)
T8 ey Ten ZRE) e oo T Eisey] Suprsrgel oo ATLAS CONF 2021010 B HoXX(10%), X~bb, my =125 GeV, my =40 GeV x 201201581 (Displaced jets) 0.001-0.53 m 1327 (13 TeV)
VLQ B - Hb Oeu 22b21j,21 - 139 | Bmass 20TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018 ; H=XX(10%), X-bb, my = 125 GeV, my = 40 GeV X 2107.04838 (Hadronic decays in CSCs) 0.12-450 m 137 b~ (13 TeV)
E 2 Exc\:: quan; q —ag o fj - 139 [latimass 6.7 TeV only u* anﬂ: N mm 1910.08447 H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV X 2110.13218 (Displaced jets + Z) 0.004-0.248 m 117 b~ (13 TeV)
S Excited quark ¢* — gy y i - 367 |q*mass 53TeV only v’ and d*, A = m(q" 1709.10440 _ . B -
S'E  Excited quark b" — bg - 1b1j - 361 |b*mass 2.6 TeV © . 1805.09299 dark QCD, mx, =5 GeV, my,, = 1200 GeV Xox 1810.10069 (Emerging jet + jet) 0.0022-0.3m 16 fb~* (13 TeV)
] 5 Excited lepton £* 3ep - - 20.3 A=30TeV 14112921 I I L L L
Excited lepton v* 3eurt - - 20.3 A—16TeV 1411.2021 =7 5 3 1 1 3
Type lll Seesaw 234eu 2] Yes 139 910 GeV 220202039 10 1o 10 10 10 1o
LRSM Majorana v 2u 2] - 36d 32TeV m(We) = 41 ToV. g0 = g% 180911105 ct [m]
L Higgstriplet H* » W*W* 234 e,u(SS) various  Yes 139 DY produciion 111 ) o . ) ) - Moriond 2022
S Higgstriplet H'* — (¢ 234eu(SS) - - 139 1.08 TeV DY production ATLAS-CONF-2022:010 Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
5 Higgs triplet H*= — ¢r Beut - - 20.3 DY production, B(H}* — (1) =1 1411.2921
Multi-charged particles - - ~ 361 | muli-charged pariicle mass 1.22TeV DY production, gl — 5e 181203673
Magnetic monopoles - - - 344 ‘monopole mass: 237 TeV DY production, g/ = 1go, spin 1/2 1905.10130
— Vs=13TeV  ya=13TeV L L
i E
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.
Small-radius (large-radius) jets are denoted by the letter j (J)
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UNI Why, how, where LLPs?

| GRAZ|
displaced multi-track || disappearing tracks
vertices in ID + MET, ' : h
. . . , prompt
e Small couplings or small mass differences generically jets, leptons ohotons
lead to LLPs -

displaced leptons, lepton K

emerging jets
jets, or lepton pairs

e Exactsignature depends on LLP quantum numbers

and decay modes = many possibilities, necessaryto = _— ///
understand experimental sensitivity to these pd stable or meta-stable
//’ charged particles
e [FCC-ee: charge, color neutral initial state = direct pllipos
production of charge, color neutral BSM particles/ displaced multi-track verticéﬁ\\ " EMirac

in Muon Spectrometer

: \
final states | Y // \ \\
Diagram by H. Gray // .

e Light color, electrically charged BSM particles heavily constrained

e Consider looking for charge, color neutral particle
J J P LLPs can also be

e Displaced vertex signature looked for in MET and

prompt final states

e FCC-hh: possible to also probe charged/colored BSM particles

See talk by R. Gonzalez Suarez

* Disappearing tracks See talks in the morning session

e (Heavy) Heavy stable charged particles, stopped particles, R-hadrons as possible signatures

 These exotic signatures are not covered in this talk

S. Kulkarni 3 31 May 2022



UNI Higgs exotics

Alipour-Fard, Craig, Jiang, Koren
arXiv:1812.05588

my =10 GeV

0.010¢ ' . : -
. . . . . ! ‘ j
e Higgs precision physics one of the main goals 0005 | Y
e Exotic Higgs decays are a window to new physics 2001 : &,;/;// |
. : ¢ /]

related to questions from dark matter to naturalness Sxt0™| | i

&/
. L \ \ ‘1
e h — XX a poster child of exotic Higgs benchmarks e N
5.x10°5 | TTTEILT
e Advantageous in many models to explore light X T oot oi0 10

e Multiple available decay modes and
complementarity can lead to excellent coverage

Fuchs, Matsedonskyi, Savoray, Schlaffer
arXiv:2008.12773

e Also possible to lookath — ZX

e Mostly considers two body Higgs decays, three
body decays are also possible e.g. h - NN

Loglo[sinze]

e Physics reach can tell us something about neutral
naturalness

See also talk by C. Verhaaren in the LLP informal WG meetings

S. Kulkarni 4 31 May 2022


https://indico.cern.ch/event/1145686/contributions/4808840/attachments/2426662/4154903/ExoticHiggsFCCeeApril2022.pdf

UNI Axion/ALPs

 Are there new spontaneously broken global
symmetries in nature?

e Search of ALPs i.e. NGBs associated with breaking of
such global symmetries

e Examples:

* U(l)py: QCD axion

o C . H arXiv:9703409, arXiv:0009290, arXiv:1411.3325,
omposite Higgs arXiv:1504.06084, arXiv:1604.01127,

arXiv:1606.03097, arXiv:0902.1483, arXiv:1312.5330,

arXiv:1702.02152, arXiv:2104.11064.

e Supersymmetric pNGB

Exotic Z decays

2
p o0*a

1 m _
Lo = 5 (Bua)(0%a) — —%a® + - > Prepv.vr
F

s O ~a Aupvia a2 a A {iruv,A a1 a SI1%

+CGGE?GIWGM +CWWE?WNVW” +CBBE?BMVB“
Exotic h decays , ,
£57° = S (0,0)(0%a) 616 + T2 (0%0) (61 iD, p+ ) 61+ oy
eff _A2 na G,ngb-{— A3 a i, + h.c. {"

S. Kulkarni 5 31 May 2022



|
'] Axion/ALPs portal: FCC-ee
10°F ) 10°f Bauer, Heiles, Neubert, Thamm | o
_CyZ =~ S5y ny arXiv:1808.10323 | CLIC3s0 ,
N,, =4, R<15m
- : CLIC
Collider Collider 1500
— 1k — 1k
T T
> 2 > 4
(D] F % O r % \ 1
e & CLIC3000
< | LSW 9% < | LSW 9%
S 5% .
O 10 O 107 FCC-ee ¢
Astrophysics Astrophysics
ol Helioscopes ete™ va | o Helioscopes . 7.
105 102 10° 10 102 1 10 105 102  10° 10° 103 I 10 See also e.g. Liu, Wang, Wang, Xue
m, [GeV] m, [GeV] arXiv:1712.07237
2 2
a ~ 2€ a ~ e a ~
2 uv Uv v
Eeﬁae C’Y’Y_FHVF C’yZ_FuVZ 5 5 CZZ_Z/,LVZ
A SwCuw A s2c? A

* |n broken phase

C’Y’Y = Cww + Cgg.

2 2
CW’Z = Cy, OWW — Sy OBB‘

4 4
Czz =c, Cww +5,CsB.

e Significantly larger sensitivity for ete™ — ya compared to ete™ — Za

e |ow mass axions will lead to collimated photons, will be challenging, necessary to have

dedicated studies

S. Kulkarni

31 May 2022



UNI Axion/ALPs portal: FCC-ee
| GRAZ
ete™ > ha — bbyy
10° I
o os (G
1(;% : : 10 0.1% CLICBSO
/| ;| d 1% P 0.01%
19 P ;
— Ine . CLIC1500
| T P0.01% %
% 1021 0.01% b N
— : -
- § CLIC3000
< N |
Ei 1074 3
) FCC-ee
1070 - Bauer, Heiles, Neubert, Thamm
arXiv:1808.10323 Z
g me = 10 GeV mq = 1 GeV mq = 100 MeV " /
107" & ; = - a
102 10! l 10 102 10! l 10 102 10" l 10 o
ICHLI/A  [TeV™]
Y

ALP production and decay governed by two unrelated Wilson coefficients

Decreasing ALP mass implies increased lifetime, means decreased sensitivity

Larger coverage for lower \/E because o «x 1/s

Contours for 4 events, dotted lines: variation of BR(a — yy) at FCC-ee

S. Kulkarni

31 May 2022



| GRAZ|
103'Ba'1ue|l‘, H(I-)ile;, Nleublert,l Thlamrln Wt R LHC
arXiv:1808.10323 -
LHCy;
Collider
Iy 1 FCC-hh
> 2
D) - >
= )
> LSW % |
L o
53 ] 1072
O 107 \
Astrophysics -
| Helioscopes 107
| Z — ya
05 102 10°  10° 102 1 10
m, [GeV] 1 10 100

e At best comparable sensitivity for ALP - photon couplings as FCC-ee has larger luminosity
and runs on the Z pole

e FCC-ee may even have higher precision

S. Kulkarni 8 31 May 2022



UNI Axion/ALPs portal: FCC-hh

10°E o o+ o o o + s | : i Py s & g
R B N I T W% § + &1 1 :
0% + o+ b 0% § ¢ b TN R i - LHC
A0 I N R 4 b EEU A E
O b 1% ¢ 2 & 1 " i -
. l? . . : : . ' . . . " . . .
1 S T Po§ OlhE .
{ 0% & 2 IR Pl 0m%:E | ; LHC
o n T ' 0.01% ™NENE 5t e 1 27
— O R I ! 0.001%
' - : : 0.001%: NG
> 1072 o UG S A Sk 0.0001%
ﬁ : g E 0.0001% E E E E 500901% ‘0.. :“ E -
. { o ol : Wl FCC-hh
- ) : RS
S 10—4 . E S, -:‘ E 'c,‘..““”a
s . . 0. . 3
= & : > 4
D ' ‘0..
Q E “c ?
0‘6 \“q :. TN E - _ 3
1 D XU Bauer, Heiles, Neubert, Thamm &

arXiv:1808.10323 3
El

0] Me=10GeV X - m, =1GeV mq = 100 MeV ; @/‘f
- a

1074 1072 1072 107" 1 10 10% 1073 1072 107! 1 10 10 103 1072 1007 1 10 _

~o Y
CI/A [TV T

e Large gain in production cross section, large sensitivity to couplings

e At FCC-hh the Higgs mode is more promising than the Z mode

S. Kulkarni 9 31 May 2022



UNI Right handed neutrinos

Type - | seesaw Minimal inverse seesaw

Dirac mass, usually small Y,

Majorana mass, can be
“heavy, can have Yy ~ 1,

introduces Lepton

number violation

Also possible to generate neutrino
masses with e.g. inverse seesaw

See e.g. Deppisch,

5 sec .. Depr J v e
100GeV (2015) 075019 1072 0\\7 !
1074} 0,))%
z :
3 ]
* Are SM neutrinos Dirac or Majorana? o ; B :
Q 3
: : : : — 1078 N 1
 Areright handed neutrinos responsible for generating N
. f S
SM neutrino masses? 10-10f o ;
. . . . r o 1
e Are there extra gauge/Higgs bosons featuring in right 10-12 | a ]

0 1 2 3

handed neutrino phenomenology? 10 10 10 10

X JY My [GeV]

S. Kulkarni 10 09 December 2020



Sterile neutrinos

Adapted from Bolton, Deppisch, Dev arXiv:1912.03058

| | ‘g
MR« | .H

|VeN |2

my [GCV]

e Simplest production mechanism and
assumption one sterile neutrino

e Complementarity with Ovff, possibility to
investigate beyond type-l seesaw mechanisms

e Realistically, more than one right handed
neutrinos will be present, necessity to consider
beyond 1 flavour scenarios

q/v

arXiv:1910.11775

10_2 Electron coupling dominance: U:_: Uf‘: U2=1:0:0
T - ~~.
( ) ~ \v\\ £YPD
-4 | Europe: an Strate %
10 3 "t K, ™ b .
4 £ Belle, {1\ pELPHI  \.../ |~
10 . /Jg’b
10~ ~_ \
SV g,
—6 \6\)‘\ > ‘
107 Y CHARM
(o)}
] 0—7 7 Oy Yy \\ — ILC,,,, displaced vertex
g, 00 )
7, 03 \, CEPC, displaced vertex
10—8 ]“)”0 ) = = CEPC, Higgs BRs
() ,.I/) ' s CEPC, mono Higgs
10_ &, w— CEPC, EWPO @ 2 |6F = I J + 0 F
2 Sy
—IO IP — FCC-ee. displaced vertex
10 = = = FCC-ee, Higgs BRs
—11 = e FCC-t8, mono Higgs
lO vee Saw w— FCC-te, EWPO @ 2 6 = IJi + Io !
—-12 paaal 1 1 b ool 1 Ll 1 .
10
— 2
107! 1 10 10

m, (GeV)

S. Kulkarni | |
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UNI RH in extended gauge sectors

" Depisch, Liu, Mitra arXiv:1804.04075

(24:])( Y

ete™ — Zh,h - NN

10 20 30 40 50 60
MN [GCV]

e Huge complementarity between
FCC-ee and FCC-hh

e Access to heavier (model specific)
gauge bosons at FCC-hh

e HNL production with large boost at
FCC-hh, large coverage of
parameter space at the cost of
additional model dependence

Heavy neutrinos can also be accommodated via SM
gauge extensions, here an example of B-L extension

Leads to additional operators for SM mediators to
RH neutrino decays

No prompt leptons in the final state, different event
topology

Possibility to learn about B-L breaking scale

Deppisch, Liu, Kulkarrlﬂ arXiv: 2202.07310 |
1 10 10? 10°

S. Kulkarni
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UNI RH neutrino via effective operators

Barducci, Bertuzzo,
Caputo, Hernandez, Mele

* HNLs can be incorporated in a variety of SM extensions arXiv:2011.04725
e The minimal model is attractive and should certainly be explored

e Alternative possibility: HNL production happens via some effective operators

. P S on
L=Lsu+NIN - LLY,HN — CMyN°N + ) =

n>4

+ h.c.

Ow = aw(LCH*)(HTL) ,
Ong = anua(N°N)(HTH) ,

OnB =anBN°e""NB,,, ,

e 1 v? i
I'(h — N{N;) = —W—”’LH@)’\/(CVNH)2 ,

S. Kulkarni 13 31 May 2022



Sensitivity estimates

~ !
BR h_)unt CLIC380 \\ \ |
| EETTEEERRL el L S G -
Tee BR(h—unt)™~. S -
BR(h—unt)™%° ">~ _ N
—————————————————————— B e e [
1072 S S0
__B \\ 5(\) 1
i; === CLIC380 N \ T]
Z - - S~ \\ \\ \;
T e : !
< 200 \\ Vo
T > N
N \ (I
N \ |
m ILC . L
—_— - = - ) !
1073} _ _FCCee P
I \ |
- E T~ \\\ \\ \\ l‘]
- E S S \\ \l ‘H
— N \ U
- N .
g \\ \\ \:
Ny
N Uy
10_4 P TN N SRR (NN SN SN TR SR AN T SN SR U NN TR S SR S N S SR S S N \ L l\. |1I
10 20 30 40 50 60

mp; , [GeV]

=z
Z
T
~
0
m
10_3:
. ee—Zh
- 2l4g Same Sign BP1yy
i . —ENC
ed'SP_SO Yo Barducci, Bertuzzo,
Caputo, Hernandez, Mele
1074 e L, AIXIVIR011.04725
0.01 0.10 1 10 100 1000 104
i cT[cm]

e Dashed lines correspond to the cutoff scale lambda

* Promising limits

e Favourable scenarios for cut-off scale above 500 GeV

2mN

Two benchmarks corresponding to different SM neutrino flavour mixing patterns

S. Kulkarni
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UNI Dark matter
|__GRAZ|
Spectrum Dark matter can result from confinement under new non-Abelian sector
N e Resulting low energy (IR) spectrum can lead to pions or baryons as dark
matter candidates depending on the details
baryons
New non- .
. < New mediators ,
Abellan . S g SM hep-ph/0604261;
arXiv:1503.00009;
theory Ap<m,, ;S \/E arXiv:1502.05409;
arXiv:1903.04497;
arXiv:2203.09503
For fcc specific study see:
p fsm arXiv:2005.05221,
arXiv:1501.05310
fsm
/A
1
I — or worse
mZ,
e |LPs arise generically and easily, ‘hide’ in SM jets, how to best look for them at
FCC-ee and hh?
S. Kulkarni

31 May 2022



UNI Beyond ‘traditional’ detectors: FCC-ee

HADES 10_4 Charzaszcz, Drewes, Hajer arXiv:2011.01005
1 —4 =N == — lpo=4m, 1 = 15m = ] o, ] \ T —
0 \ v | --lo=4m, 1 = 25m Co DUNE :
- \DUNK THUNDERDOME (very unrealistic) ! LoD
10-5 \ CODEXb ~ h=4m h =100m 1075 W VEAD .
- IR CUZiUR U2 U2:U3:U2
10-6 | \N0:1:0 10~ = 1:0
107 CEPC i
107 . =
S el = 108 l
LY N -
S 10—°
—9 | : N
10 HADES,‘f\\ | |
1010 [ o o NG ; 100 | i :
>HHUNDERDOME . ---Jp=4m, L = 25m
TISE 107" EBBN seesaw g
10~ EBBN seesaw = = o | :
— 5 10 20 0 12 5 10 20 50
M [GeV] M [GeV]

e Could we build/propose lifetime frontier/forward physics detectors at lepton colliders?
e HADES/HECATE detector proposes to use the cavern to build a new lifetime frontier detector
e Unique opportunity for 4z solid angle coverage

e Can help improve reach of LLPs, here case study of HNL

S. Kulkarni 16 31 May 2022



UNI Beyond ‘traditional’ detectors: FCC-hh

Bhattacherjee, Matsumoto, Sengupta arXiv:2111.02437

DELIGHT (A) 25 x 100 x 100 m?>, 30 ab~!, Combined 1o-2 LLp detecor
— y
4.0 51e-08 1.7e-08 8.9e-09 1.2e-08 3.7e-08 6.8e-08 3.1e-07 6.8e-07 VS = 100 TeV Zx
Z
-3 =0
60 1.1e-07 3.0e-08 8.4e-09 4.7e-08 10 &
Collider
detector |
8.0 2.1e-07 4.8e-08 9.0e-09 3.7e-08 10—4 \
— 10 3.5e-07 6.8e-08 1.0e-08 1.5e-06 —
> 1058
v x=25m;n=0
2 20 7.0e-07 T
< 10—65 See also
E 30 1.5¢-08 5.26.07 ‘E Boyarsky, Mikulenko,
Ovchynnikov, Shchutska
10 2 arXiv:2204.01622
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® Detector for long-lived particles at high energy of 100 TeV
® Same dimensions as MATHUSLA (25 x 100 x 100 m? ): transverse detector

® Has ca 500 times more sensitivity; 150 due to increased cross section and luminosity and
factor 3-4 due to moving detector closer to IP
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ot Reality check

e Allthe studies | showed so far are somehow apples to oranges comparison
e Not all contours are done on same footing, not all studies done with realistic setup
o

Good enough to get first estimate, but we need to have realistic expectations

° ?
Can we do better" See talk by M. McCullough

MATHUSLA+ANUBIS
A dream LLP detector? . It is a good time to plan our
nesse fsopedense , following Ryu
e TN Sawada's first example at the LLP
Lupe wain meoto put FISER-Lke workshop in November-2020 (link)
HADES- like LLP detector
TS HAES-de LLP detector
/ = s o defechr wih vide-ple See talk by Juliette Alimena

duecton measurament

A Double resdout caloyimeter
% \oma itudi vw-u] Scbumevu'red

3 E BelleI-like ToP for PID

Severs| l /’\ Small or well- cou\v-lacl tters(
timing. loyers - (e m Yhe “DV” reg- oW
‘\A'.
\‘3 ((-—:r
T mey piel
(9
X layers close to beaw ipe

(with geed time reso|ution)
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https://indico.cern.ch/event/922632/timetable/?view=standard#46-overview-experimental-persp

UNI Conclusions

® \We want to make the best use of the available experimental data to learn about
fundamental laws governing the Universe

® Searching for LLPs is one way of chasing that quest

® || Ps arisein a variety of BSM scenarios in solutions of problems from nature of dark matter
to the Higgs hierarchy problem

® || Pslead to avariety of final states, and demand new analysis techniques and probably
improved/additional detectors

® [CC-ee and hh offer complementary information and are capable for delivering a more
detailed understanding of new physics via LLP

® Similar considerations should also be given for FCC-eh physics (not covered in the talk)

® Most of the studies so far are done under simplistic assumptions, more realistic detector
simulations are necessary for setting up our expectations

Thanks for the discussions A. Thamm, R. Gonzalez-Suarez, J. Alimena, M. Drewes, F. F. Deppisch, R. Sengupta
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