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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2018 Vs=7,8,13TeV
Model Ty Jets ET™ [canm™) Mass limit V5=7,8TeV  5i=13TeV Reference
T T T — T T T —
33, G-t 0 2-6jets  Yes  36.1 1.55 m(})<100 GeV 1712.02332
@« mono-jet  1-3jets  Yes  36.1 0.71 m(g)-m(¥})=5 GeV 1711.03301
% 22, 3—qat) 0 2-6jets  Yes 361 |& 2.0 m(¥})<200GeV 1712.02332
S z Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
& 2 goaent Seu  4jets - 361 |z 1.85 () <600Gev 1706.08731
o e, fijt 2jets  Yes 361 |[% 1.2 m(z)-m(¥})=50 GeV 1805.11381
8 5z goaWZh 0 7-11jets  Yes 361 & 18 m(¥}) <400 GeV 1708.02794
= Sepu 4jets - 361 |& 0.98 m(g)-m(¥1)=200GeV 1706.03731
£ 38, go1ib) O-1ep 3b Yes  36.1 z 20 m(¥})<200 GeV 1711.01901
3e.pu 4jets - 36.1 4 1.25 m(g)-m(¥})=300 GeV 1706.03731
by, bi—b¥ /%7 Multiple 361 | b Forbidden 0.9 m(¥)=300 GeV, BR(b¥))=1 1708.09266, 1711.03301
Multiple 361 | b Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥1)=BR(X})=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(¥})=300 GeV, BR(¢¥)=1 1706.03731
e E|3|,'i| i, My =2x M, Multiple 36.1 I 0.7 m(i?):SOGeV 1709.04183, 1711.11520, 1708.03247
=< 9 Multiple 36.1 i Forbidden 0.9 m()?‘,)):200GeV 1709.04183, 1711.11520, 1708.03247
]
§_§ iy, ii—WoE) or o7} 02epu 02jets/1-2b Yes 361 |7 1.0 m(t)=1 Gev 1506.08616, 1709.04183, 171111520
S A, HLSP Multiple 361 | @ 0.4-0.9 m(¥})=150 GeV, m(¥})-m(f})=5 GeV, 1709.04183,1711.11520
§§ Multiple 361 | & Forbidden 0.6-0.8 m(F1)=300 GeV, m(¥;)-m(¥})=5GeV, 1709.04183, 1711.11520
T S A, WelTempered LSP Multiple 361 | @ 0.48-0.84 m(E})=150 GeV, m(¥i)-m(i})=5GeV, 7 ~ 7, 1709.04183,1711.11520 . . .
iy, fiock) 68, eoek) 0 2¢ Yes 361 |# 0.85 m())=0 GeV. 1805.01649
i 0.46 me ,z)rmuz?z):so GeV 1806.01649 -
0 mono-jet Yes  36.1 i 0.43 m(f}.,&)-m(¥)=5GeV 1711.03301
b, hoh +h 1-2e,u 4b Yes 361 |& 0.32-0.88 m(E))=0 GeV, m(7)-m(¥})= 180 GeV 1706.03986
TR viawz 2-3e,u - Yes 361 [Fa 0.6 m(E))=0
. e oo H * o H imi L
cm =1 Yes w1 W 047 mFTm(ET)=10 Gev ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
TERD via Wh e/eyyltbb - Yes 203 | ¥/H 0.26 mE)=0 Status: July 2018
— : _ -1 -
=3 TR 100, X > tv(e9), e Fr(v) 27 - Yes  36.1 Xi/ﬁ 076 o mE)=0, m(?,v):o.s(m(/\'/fhmgj)) y f,[: dt =(3.2-79.8) fb Vs=8,13TeV
XX 0.22 m(ET)-m(¥7)=100 GeV, m(7, 7)=0.5(m(¥7 )+m(¥})) miss
(TR v ¢ E Ldt[b™! imi
S Gl o0k 2eu o Yes a1 |7 05 i) Model vy Jetst ET™ [rdim) Limit Reference
2eu >1 Yes 361 |7 0.18 m()-m(¥})=5 GeV ADD G , o L4 M' L T T T T T T :I‘ ;, L T T
s . N N Kk +8&/9 ep -4 Yes 36.1 b 7.7 Te! n=2 1711.03301
HH, A—hG [z 0 >3b  Yes 361 |& 0.13-0.23 0.29-0.88 BR(] — hG)=1 y _
4ep 0 Yes 36.1 i 0.3 BR(T! — ZG)=1 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH - 2j - 370 |Mua 89TeV n=6 1703.09127
Direct X1 ¥} prod., long-lived ¥ Disapp. trk 1 jet Yes 361 |y 0.46 Pure Wino ADD BH high ¥, p1 >leupu >2]j - 32 | M 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
Ba ¥ 015 Pure Higgsino ADD BH multijet - >3]j - 36 M 9.55TeV.  n=6,Mp =3TeV,rot BH 1512.02586
= _% Stable z R-hadron SMP - - 32 |z 1.6 RS1 Gk — vy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp = 0.1 1707.04147
2T Metastable g R-hadron, gt} Multiple 328 |& [@=toons02ns] 16 24 m(i1)=100 Gev Bulk RS Gkx —» WW/ZZ multi-channel 361 | Gy mass 2.3TeV k/Mp = 1.0 CERN-EP-2018-179
S 2 GMsB, ¥)-yG, long-ived &) 2y - Yes 203 |& 0.44 1<2(¥)<3 ns, SPS8 model Bulk RS gkk — tt leu >21b>1J2) Yes 361 | exkmass 3.8 TeV rim=15% 1804.10823
38, XY —eev/euv/upy displ. ee/ep/up - - 203 |z 1.3 6 <ct(?)< 1000 mm, m(¥})=1TeV 2UED/ RPP leu 22b23j Yes 361 KK mass 1.8 TeV Tier (1,1), B(AMD — tt) =1 1803.09678
LFV pp—¥, + X, Vr—eu/et/ut ep,eT.ut - - 3.2 7= 1.9 A43,=0.11, A132/133233=0.07 SSM Z’ — 2eu - - 36.1 Z' mass 4.5 TeV 1707.02424
VT IS - wwyzeeeevy depn 0 Yes  36.1 m(E))=100 GeV SSM Z’ — 1t 27 - - 36.1 Z’ mass 2.42TeV 1709.07242
3%, 3-qat XY - qqq 0 4-5large-Rjets - 36.1 Large 17, Leptophobic Z’ — bb - 2b - 361 |z mass 2.1 TeV 1805.09299
n>. Multiple 36.1 m(¥})=200 GeV, bino-like Leptophobic Z" — tt leu >1b,>1J/2 Yes 36.1 2’ mass 3.0 TeV rim=1% 1804.10823
&€ 33,7 ths | g0t} XY o ths Multiple 36.1 SSM W’ — v lepu - Yes  79.8 | W’ mass 5.6 TeV ATLAS-CONF-2018-017
i, it} ¥ — tbs Multiple 36.1 SSM W’ — 1v 17 - Yes  36.1 W’ mass 3.7 TeV 1801.06992
iy, fi—bs 0 2jets+2b - 36.7 HVT V' - WV — qqqq model B 0 e, u 2J - 79.8 | V' mass 4.15TeV g =3 ATLAS-CONF-2018-016
ff, hi—bl 2epu 2b - 36.1 i 0.4-1.45 BR(F, —be/bu)>20% HVT V' - WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv =3 1712.06518
LRSM W}, — tb multi-channel 361 | W mass 3.25 TeV CERN-EP-2018-142
L L L P L L L R Cl qqqq - 2j - 370 |A 21.8TeV 7, 1703.09127
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV] Clttqq 2e.n - - %61 (A 40.0TeV: 7., 1707.02424
phenomena is shown. Many of the limits are based on Cl tttt >teu 21b21j Yes  36.1 A 2.57 TeV |Cael = 4n CERN-EP-2018-174
simplified models, c.f. refs. for the assumptions made. - - - -
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mimed 1.55 TeV 2,=0.25, g,=1.0, m(x) = 1 GeV/ 1711.03301
Colored scalar mediator (Dirac DM) 0 e, 1-4j Yes 36.1 Mined 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyxy EFT (Dirac DM) Oepu 1J,<1j  Yes 32 | M. 700 GeV m(y) <150 GeV 1608.02372
. ° ° Scalar LQ 1°* gen 2e >2j - 32 |LQmass 1.1 TeV B=1 1605.06035
Scalar LQ 2" gen 2pu >2j - 3.2 |LQmass 1.05 TeV p=1 1605.06035
Scalar LQ 3 gen lep 21b23] Yes 203 B=0 1508.04735
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 | Tmass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-032
VLQ BB - Wt/Zb+ X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-032
VLQ Ts/3Ts3 Tsyz » Wt + X 2(SS)/>8epu>1b, 21 Yes 36.1 Ts/3 mass 1.64 TeV B(Tsi3 > W)= 1, c(TssWit)=1 CERN-EP-2018-171
VLQY - Wb+ X leu 21b21) Yes 3.2 | Ymass 1.44 TeV B(Y - Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQ B — Hb+ X Oeu,2y >1b>1j Yes 79.8 |Bmass 1.21 TeV kg=05 ATLAS-CONF-2018-024
VLQ QQ — WqWq Ten 4] Yes 203 [lOiEsSERes0GE] 1509.04261
Excited quark ¢* — qg - 2j - 37.0 q* mass 6.0 TeV only u” and d*, A = m(q") 1703.09127
Excited quark ¢* — qy 1y 1j - 367 |q mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton £* 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seput - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw leu >2j Yes 798 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H*= — ¢¢ 234eu(SS) - - 361 870 GeV DY production 1710.09748
Higgs triplet H** — (1 3eut - - 20.3 DY production, B(H;* — (r) =1 1411.2921
Monotop (non-res prod) Teu 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

L1l N N TR | N N L
Vs =13 TeV 1
- 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).




Standard Model Total Production Cross Section Measurements status: March 2019
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e HSM: Higgs singlet model (a real singlet scalar)

V(®,8) =m3|®* + A ®|* + pgs|®*S + Nas|®|2S? + 1S + m%S? + usS® + AsS*

[free parameters] my, M?(=2m%), ps, s, @

e THDM: Two Higgs doublet model
V(®1, 82) = mi|®1]* + m3| Baf* — m3(2]®y + hoc.)
1 1 1
+ A1 @1]" + S Ao Baf* + As| B4 [*|Baf” + | @]d,)* + 5/\5[(‘1’1%)2 +h.c]
[free parameters] m,;, m,, mys, M?(= mg/sﬁcﬁ), tan 3, sg_o(=>0), Sign(cg_q)

| additional Higgs bosons (HAH:,..) |

[ o dewatlons of the h(I25) coupllngs from the SM } Kanemura, Kikuchi, KM, Sakurai, Yagyu
ot b - NP | HCOUP[I803OI456 1906.10070]

Espeqally, charged Hl_ggs"bosonst can prowde
| striking signals of an extended Higgs sector. |




|.  Introduction
2. The (brief) Charged Higgs Hunter’s Guide
® Feynman rules
® decays
® productions
3. Same-sign pair production of charged Higgs bosons
® relation to the global symmetry structure of the Higgs potential
® signal sensitivity at the LHC and beyond

4. Summary



Kanemura, Kikuchi, Yagyu [1502.077 16, NPB]
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—L:Y = u-Q—LiO'QQZUR + Yd-Q—LQddR + Y;ILQQCR + h.c.

2
% [Vud® (ma€qa Pr — muéuPr) dH + mel7PreH" +h.c.]

Zo charge Mixing factor
®1 &2 QL Lr ur dr er| &«  &d Ee
Type-I|+ — + + — — —|cotf cotB cotp
Type-ll|+ — + + — + +|cotf —tanf3 —tanf
Type-X|{+ — + + — — +|cotB cotf —tanpf
Type-Y|[+ — + + — 4+ —|cotf —tanf3 cotf




Aoki, Kanemura, Tsumura,Yagyu [0902.4665, PRD]
Kanemura, Tsumura, Yagyu, Yokoya [1406.3294, PRD]
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Kanemura, Tsumura, Yagyu, Yokoya [1406.3294, PRD]

Mg+ — QOOGGV, Sp—a = 1

Type-1 . Type-II . Type-X , Type-Y
10°=|||||| T T T TTTTT] T3 10ETTTIT T 10 E 3 10 groTTTg T T T TTTTT] ™ T3
3 u, 1 E tb = E 1 E th E
2w’ 3 0E 3 0E ERU E
+é - i E 1 E 1 7
z [ 10 10 10 =
= 10°E 3 0E ok 3 w0 / 3
: s 1 F . / w 1 F s I . ]
10° 11111; L1 llllllllo L1 10° lllull lnllo L1 10° lllllll/ L1 - 10° l““{ 1 |mnllo L1
tanf tanf tanf3 tanf
mpg+ = 400GeV, sg_, =1
o Type-1 . Type-II . Type-X , Type-Y
10 ET 17T T T TTTTT] T 10 gTTTTT T T THH——1g 10E 3 10 ETTTIT] T T T TTTTT] T T =
b - tb 3 0E 1 E t E
_ v - B : _ i
5 10" 10'E g4 0'E 4 10'E E
) - 1 FE 1 F .
054 B i N - _ _
2 10* 107 g 10°F § 10°F E
ts [ & _fb _ . s w [ ts o ‘cbiz
al il Lol L1 10° Lol /m(ﬁ L1 10° Ll l/l L1l L1 10° Ll ] mﬁ L1
10 1 10 1 10 1 10 1 10
tanf tanf tanf3 tanf



Kanemura, Tsumura, Yagyu, Yokoya [1406.3294, PRD]
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® for mg+ < My

- top pair

n +
pp —tt, t — H™"b Alves, Plehn [hep-ph/0503 135]
P b Moretti [hep-ph/0102116]

MsSM HETHT production at 14 Tev

® for muy+ > my == HiT
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Aiko, Kanemura, Mawatari [1906.09101]
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V(®1,85) = Y m?|®;[*> — (m] ®]®, +h.c)
i=1,2
1 1
+ ) A @il + Aa [D1[*| @2 + Ay 1B1d, |2 + {§A5 (B1D,)2 + (N6|@1? + A7 |D2|?) B1 D, + h.c.}

i=1,2

® suppressed FCNC — Z; symmetry = As=A7=0

® h(125)~SM-like = alignment = A|=A2=A3+A4+As
Vi=ga(|®i + 8P «0@)
* %‘32(|<1>1I2 — &7 —O@) xo)y =ttt s)/2
e =c3= (A +X5)/2 = (mp; —m3s)/v?

+ %Ca(é’{% +®18,)° «0(4) e =—(Ma = As)/2 = (mfps —m3)/?°
+ %m(é’{cbg ~ald1)? « 0®)
® p~| — custodial symmetry 0(4) ~ SU2)L x SU@2)r — SU(@2)y
(CaseI:m%Ii =m:“’4) 12} =mi/v2—n, co=c3=1, ¢4 =0

— (m2. — m2)/v2
(CaseIl:m%: =m¥) c1=mi/v?, co=c3=0, ca=1 n=(my—my)/

L4 "SSP o4 if n£0)




pp—>H+H+j/, H+—>T v

10 PSSR .......................... ; ....... |
3 . § ® same-sign tau-pair
q) - & [ ®
< with 2 forward jets
o 2r
gﬁ 1 d s =L va13—1>;‘H+H+]g (BH+—)TV)2 se](f'r)2
¥ - b=L GVpIB—F)‘W+W+JJ (BW+—>TV)2 sel(e”')2
| | — |Anﬂ| >4, 5
- |Anﬂ| >2.5
0.1 Ry vt
200 400 600 800
me[GeV]

* Significance (H*—tb) in backup.
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| Char
~ signals of an extended Higgs sector.

® The same-sign pair production can be observed
at the LHC ana future higher-energy colliders. |
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pp-H*H*jj, H* »tb
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® same-sign top-pair
with 2 forward jets
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