Decay of heavy Higgses in the MSSM at the LHC Run 2
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Introduction

Heavy Higgs decays
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Two Higgs doublets: \i\: NN
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The Higgs potential:

1\\\\\ [ —\ N [ 1\\\\\ [

| ) ; ; , ; . . 3 w\ v %10: ............ n qlo\iﬁL\ e
VHiggs = (m”Hu + | ) Hul™ + (de ‘M ) Hal” + Bu(HyHa + h.C.) : \ :_ :\
2 L g2 2 / e N | / o N | / -
PR (30 - (o) + 2 [, el S FAl N LAl

Electroweak Symmetry Breaking = 5 physical states ;gp;fm%w S o ;@zzgwwm M_ogp;ffpxmmw w\ngrﬁ I
Cp_even hO, HO, CP-Odd AO, | HB950/C]:\\W;\.,‘,"' :12(11 Q10 @ :12_1 s HB95‘7CL """""" N

Two independent parameters at tree-level : mjy, tan 3 % [ §§ | FZ: i
| | 4 107 2—1 [ [ i 1 10-° ,"/ , E 1077

a(pp—>tH+)><BR(H —bt) [pb] 0(pp—>tH )><BR(H —7 y)[pb] 0(pp—>tH )xBR(H W ho) [pb]

5 10 10! e 10°
14% 14% i [ 14— Best Fit [
—_— HS68‘7CL [ . _— HS68‘7CL 100 —— HS68%C.L 1071
12; --- HS95%C.L 10 12) --- HS95%C.L 12_ - HS95‘7CL
LXK HB 957c {XX HB 950/c —10"! NN HB 950/ CL —1072
0

/

10 o .. 710 10% ...... %10_2 10_ ..... _10_3
- g 8* . 0§ 8* ‘ S0 g 8— . 10~
encnmark ocenarios 6% 6% 6-
1073 106
* % \ /l’, 10_3 ) % \ /I’, 10_6 . "\\ /"' 10_7
SN { ’ [10_4 SN\ { 107 SN\ { B
2(I)O 4(I)O 6(I)O 8(I)O 1000 260 460 660 800 1000 2(I)0 4(I)0 6(I)0 8(I)0 1000
Myo [GeV] Myo [GeV] Myo [GeV]
mod+ A" o .
® m SCenarIO [Carena, Heinemeyer, Stal, Wagner & Weiglein, 1302.7033 ] _ _ _ . _ .
Modified mmax _ Figure 3: The (My,tan ) plane in the hMSSM scenario. The exclusion regions are shown as above, while the
> Vodified mj, ™" scenario | | o color coding in the allowed region indicates total cross section for inclusive production of heavy scalar Higgs
> A large region of parameter space where the mass of the light CP-even Higgs boson is in good boson: A° (top), H° (middle) and H* (bottom) at the LHC (/s =13 TeV).
agreement with the mass value of the particle recently discovered at the LHC
> Parameters: MQs — MU3 — MD3 = 1000 GeV, ML3 — M,:-3 = 1000 GeV, (= 200 GeV, . *G(PP—>A0)><BR(A0—>bI<Q)b] 108 " 6(PP—>A0)><BR(A0—>ZOh°) [pb] 106 0 6(pp—>A0)><BR(A0—>T T )[pb] 106
M, =200 GeV, Ms=15TeV, X;=2TeV, A, = A, = A o B \\\
- 102 - 10° - 102
Tat 40 ' o 40 - 10° .
® hMSSM scenario. [Djouadi, Maiani, Moreau, Polosa, Quevillon & Riquer, 1307.5205] « : \ iz - S0 o 12
g 30 ! : 1072 530 = ~1072
I i - ' = -10™ =
> The lighter h boson has a mass of approximately 125 GeV. . \ w0 o 10
> Fix the values of dominant radiative corrections. N \_ [10"’ . ‘ 10 [106
. ) PR X 10—8 — LN h 10_10 10—8
> The Higgs sector can be described by only two parameters, tan g and M, even at two-loop \\\\\ """ s \\\\\ """" Naaaay [1012 ‘ ‘ 10-10
O rd e r 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
- Myo [GeV] Myo [GeV] Myo [GeV]
> Only two inputs for Higgs sector
0 TU(pp—)HO)XBR(HO—g%{pb] [106 60 G(pp—)HO)XBR(HO—)W W~ )[pb] 104 60 (\j(pp-)ll—IO)XBR(HO—)T*‘T_).[pb] 105
* Best Fit \ 3 * Best Fit * Best Fit ;
2 2 2 2 2 2 <inl 2 2 2 2 2 : —— HS68%C.L. ) 104 N —— HS68%C.L 102 —— HS68%CL ! 103
M2 _ (MAO+MZ_Mh)(MZCOS B+MAO Sin B)_MAOMZCOS 26 (){ — arctan (MZ+MAO)0085S|nﬁ M2 _ M2 + M2 50 ——— HS 95% C.L. \ o 50—\_;; :SB?)SSZEII: \\ o0 50 -;: :SB?;S‘;ZI]: \ 10!
HO M2, cos? B+Mf\0 sin® 3—M?2 ’ M2, cos? 6+Mf\o sin® —M2 | H* AD w j el | ‘ | :
l 10° l -1072 . -107!
5 307 l‘ 0= F " S0 E30- l‘ \ 107
1 25 - . |‘ a 1074 : 1076 " \ 1073
o m SCenarlo. [Bagnaschi, Bahl, Fuchs, Hahn, Heinemeyer, Lieblerg, Patel, Slavich, Stefaniak, Wagner & Weiglein, 106 " ' "
1808.07542] \\\\\\\\ ----- oo | ¢ \\\\\ """ oyl \\\\\\\\\\\ ------- o1
500 1 OOO 1 500 2000 500 1 OOO 1 500 2000 500 1 000 1 5 00 2000
> All SUSY masses are chosen to be so heavy (at or above 1 TeV) My [GeV] 10 1GeV] [Gev]
> 2HDM Higgs sector with SUSY properties o 6(pp—>H )X BR(H ~br) [pb] o o O'(pp—>H ) XBR(H * 7 * ;) [pb] oo 0(pp—H* )X BRUH * > W* ;f) [pbl s
> Parameters: Mq, = My, = Mp, =1.5 TeV, M, = Mg, =2TeV, p=1TeV, M; =1 TeV, ; -' | 10’ K et L x\ 107
0 50 N--- u L.
M>=1TeV, M3=25TeV, X;=28TeV, A,=A, = A 0 o S5 \ 10"
40 1 -104
mmedt Ay? hMSSM Ay? ml25 A2 10 o\ -107° S 20 ll. \ - 1077
25— z 412 L1260 : 412 » ® 8 .| 1070
7,’? Best Fit 14 ﬁ Best Fit i’k Best Fit 10 —107° 20 A L 10-13
HS 68% C.L. \ s 10 HS 68% C.L. 50 HS 68% C.L. 0
] HS 95% C.L. ] HS 95% C.L. 7 HS 95% C.L. 10 | -13 |
20 HB 95% C.L. 12 HB 95% C.L. HB 95% C.L. JAS . [ \‘ N : [10 I '\---------f\;---- [1019
— myo [GeV] 3 10— 40 — myo [GeV] LA """" \\\\\ """ \\\ """""" 3 10-24 AN [ \\\\ """ \\ """"""""" 10-17 \\\\\\{ """"""" X { """" NN 10-22
154 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
= K 6 = g %30 Mo [GeV] 40 [GeV] Myo [GeV]
10 4 6- . s Figure 4: The (My,tan 3) plane in the m}? scenario. The exclusion regions are shown as above, while the
—_— 4- color coding in the allowed region indicates total cross section for inclusive production of heavy scalar Higgs
57 2 ) 10 4 boson: A° (top), H° (middle) and H* (bottom) at the LHC (/s = 13 TeV).
0
2(I)O 4(I)O 6(I)O 8(I)O 1000 200 4(|)0 600 800 1000 5(|)O 10|00 15|00 2000
myo [GeV] myo [GeV] myo [GeV]
Figure 1: The allowed regions on the (My,tan 3) plane in m%+ (left), hAMSSM (middle) and m}2° (right). The
blue lines are level curves for the SM-like Higgs mass. By deflnltlon, in the hMSSM, m,, is fixed at 125 GeV.




