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1. The excesses

— What was seen in Run I?

— What was seen in Run II7?

Beten M Sall;

WI_HFNL e [:}]ED"["H \[ ”}

— What was seen at LEP?

—_— i ?
Should we get excited~ ATTORNEY AT LAW

(505) 503-4455 [ \
— Which model fits?
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What was seen at Run I?

“CMS PAS HIG-14-037

CMS Preliminary 15=8 TeV L=19.7 fo’

h-->vy (65-110GeV) Run 1

[S. Shotkin, talk at HDays17]
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What was seen at Run II? [S. Shotkin, talk at HDays17]

h-->yy (70-110 GeV) Runs 1+2

CMS Praiiminary 19.7 fb (8 TeV) CMS preliminary 35.9fb" (13 TeV)
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CMS PAS HIG-17-013

8 TeV:
minimum(maximum)
limit on ¢ X Br:
31(133) fb at
m=102.8(91.1)GeV

13 TeV:
minimum(maximum)
limit on G X Br:
26(161) fb at
m=103.0(89.9)GeV

* 8 TeV limits on ¢ X Br redone with 0.1 GeV step. Production processes assumed in SM proportions.

No significant excess with respect to expected limits observed.

S. Gascon-Shotkin HDays 17, Santander. ES Sept. 22 2017
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What was seen at Run II? [S. Shotkin, talk at HDays17]

h-->yy (70-110 GeV) Runs 1+ 2

CMS Preliminary 19.7 o (8 TeV) + 35.9 fo " (13 TeV)

S 16 T T T T
= = —Observed ] _CMS PAS HIG-17-013
14— ] e

T E -Expactadi o |
All experimental + theoretical oo C B conected + 20
systematic uncertainties 5 1‘2:_ E 3 TeV+13 TeV:
assumed uncorrelated except T, [ 1 minimum{ma.ximum) e
for those on signal acceptance S T ]

iy 8 [ ] on (6 X Br)/ (G X Br)g, :
due to scale variations + those = 0.8 =
on production cross sections ?— = 3 QLALL5) at
7 m=103.0(90.0)GeV

(assumed 100% correlated). W8 ] ( )

=l E

0.4

0.2
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* Combined 8 TeV+13 TeV 0 X BR limit normalized to SM expectation (production processes
assumed in SM proportions ). No significant excess with respect to expected limits observed.
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What was seen at Run II? [S. Shotkin, talk at HDays17]

0 h-->yy (70-110 GeV) Runs 1+2

—

CMS Preliminary 19.7 fb' (8 TeV) + 35.9 fb' (13 TeV)
T I I 1 T T T | : LI | T | T L L) T | T T L L) | T I T T 1 T T 1 T
Hoyy - . : T o e Yo
— . . Combined + 1o | 'CMS PAS HIG-17-013 -
8TeVClass3 | 0875 ————
e =i, .
8TeVClass2 | 1577 Excess here mostly driven
- o~ +0.2 ]
8ToV Glass 1 | 0.4 12 oombined = 06 02 by class 1 (&2) at 13 TeV
L m,, = 95.3 GeV m N
8TeVClass0 | 0.1, %2 probability for the
13TeV Class2 | 1.4 seven individual values to
— — be compatible with a single
+0.4
13TeVClass 1 | 154, | signal hypothesis: 41%
13TeVClass 0 | 0.4
1 1 I 1 L 1 1 1 | 1 1 1 1 | 1 1 1 1 i 1 1 1 1
=5 10 15 20 25
i
* ‘Signal’ strengths for the 7 event classes and overall, in the 8 TeV+13TeV combination, fixing
m_,=95.3 GeV

* More data are required to ascertain the origin of this excess

S. Gascon-Shotkin HDays 17, Santander, ES Sept. 22 2017

55

rcms(96 GeV) = [o(pp — h1) X BR(h1 — ¥¥)]exp/sm = 0.6 £0.2
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What about ATLAS?

CMS Preiiminary 19.7 fo™ (8 TeV) + 35.9 fo”' (13 TeV) N BB BLELSLE N IR B LR A
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Note: ATLAS gives fiducial cross section! Conversion factor: 1/0.45
= ATLAS limit is even weaker than CMS exclusion limit (120 fb)
Q: why does ATLAS has same sensitivity with twice amount of data?
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CMS and ATLAS in direct comparison:

3-5 1 1 |
— CMS obs. limit
2. === CMS exp. limit ||
—— ATLAS obs. limit
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= everything well compatible with the excess!
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What was seen at LEP?

g | T | T T T T T
v p
: = LEP
-~ (a
I Vs = 91-209 GeV
I SM branching ratios ]
—— Observed -
T Expected for background
10 E
2
10 AN (N N SN O NN N S (N S NN S N 7 N - (O I I
20 40 60 80 100 120
2
m,, (GeV/c")
1 gp(98 GeV) = [a(e e~ — Zhy) x BR(hy — bE)}exp/SM = 0.117 + 0.057
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What about the MSSM?

[P. Bechtle, H. Haber, S.H., O. Stal, T. Stefaniak, G. Weiglein, L. Zeune '16]

1 0—6 T R T N
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M, (GeV)

PR N T T N B
80 100 120

= too small rates! — 2HDM structure to “rigid”
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2. General analysis

MSSM: too small rates!
= problem: 2HDM structure to ‘rigid”

More general Ansatz:
— richer Higgs structure
— add (at least) another Higgs singlet

— drop SUSY for now
= allow for more flexibility
= but check for hints towards SUSY

— check explicit SUSY scenarios later = back-up

Sven Heinemeyer — HPNP2021, 25.03.2021
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More general Ansatz: N2HDM

Fields: = talk by Pedro Ferreira on the N2HDM (session 8, 10.00h CET)
+ +
¢1 ¢2
P = Py = Pg = vg+ pg
1 ; ’ 1 ; ’
75(v1 + p1 1) 75(v2 + p2 +in2)
Potential:

A A
V o= m2|P1|? + ms,|do|? — m%z(q’;q’Q + h.c.) + ?1(¢J£¢1)2 + ?2(q>£q>2)2
A
FA3(D] 1) (PLdr) + Mg (D] Do) (Dhdq) + 55[(@;%)2 + h.c)]

L 5.2, 26,4 , A7 > | A8 2
+om3PE + T L+ TS0 BT + T(PLdr)F

Z> symmetry: &1 - P, & - —Ps CDS — CDS
Zh symmetry: &1 — ®;1, Py — Py, g — —Dg (broken by vg = no DM)

Physical states: hy, ho, hy (CP-even), A (CP-odd), H* (charged)
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Extension of the Z>, symmetry to fermions determines four types:

u-type d-type leptons

type I P s P
type II Py OF] P4
type III (lepton-specific) o P P4
type IV (flipped) Po P4 b,

= exactly as in 2HDM

Three neutral CP-even Higgses:

(hl\ (Pl\

Calca2 8a16a2 80&2
h2 — R P2 ) R — _(Ca18a23a3 —I_ Salca3) Ca,Cas — Sa;SasnSas CanSas
\ h3 ) \ PS )  ConfazCos _I_ SouSas _(Ca18a3 + 3a18a26a3) Ca,Cas
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Coupling to massive gauge bosons: (identical for all four types)

ch,vv = cgRi1 1 sgRi2

h1 CanCh—ay
ho  —cg_q SarSaz T CazSg—a,
h3 —cazCs_qSas — SazSf—a,

Coupling to fermions: (same pattern as in 2HDM)

u-type (cpt) d-type (eppp) leptons (cp.rr)

type III (lepton-specific) éf? % ﬁ
type IV (flipped) & i é
S3 cg sg

“Physical” input parameters:
a1 23, tanﬁ, v, vg , Mhi 53 mA , MHi ) m%Q

)=
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Needed to fit the two excesses: my, ~ 96 GeV, my, ~ 125 GeV

— ¢y Strongly reduced for i £p

— ¢y, reduced to enhance BR(hy — )
— ¢pqt NOL reduced for picvis
— ¢p 77 POSSiDly reduced to enhance BR(h1 — v7v)

Decrease ¢, ,; NO decrease ¢, ;7 NO enhancement cp, ;7

typel  (F2) ) (722) ~( (fz) )
type I (7321 &) (2) =) (fu) :-)
type Il (712) ) (52) =( COR
type IV (F21) ) (32) =) (f12) :(

Type II and IV: ¢y pp and cp 4 INdependent
Type II bonus: ¢, - Ccan be suppressed (together with cj,pp)

= only type II and IV can fit CMS and LEP excesses

Sven Heinemeyer — HPNP2021, 25.03.2021
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= Parameter scan = ScannerS

Constraints:

e Tree-level perturbativity = ScannerS

e Minimum of potential is global minimum = ScannerS
... or sufficiently long-lived = Evade

e Higgs searches at LEP, Tevatron, LHC = HiggsBounds

e SM-like Higgs properties = HiggsSignals (N2HDECAY, SusHi)
= X755 (with X§M7125 — 84.4)

e Flavor physics (mainly BR(Bs = Xsv), AMp, ) = Superlso bounds
e Electroweak precision data (7" and S) = ScannerS

= talk by Jonas Wittbrodt on HiggsBounds/HiggsSignals
(session 4B, 11.30h CET)
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Fitting the excesses:

— 0.117 + 0.057, = 0.64+0.2

onoHpm(eTe” = Zh1) BRnonpm(ha — bb)

ogm(eTe™ — ZH) _BRSM(H — bb)
2 BRNnoHDM (1 — bb)
BRopm (H — bb)

)Chﬂ/V‘

on2HDM (99 — h1) BRnonpm(h1 — v7)

osm(gg — H)) BRsv(H — v7)
2 BRNo2HDM (R = 7y)

= |c
| hltt| BRsm(H — v7)
5 ~( —0.117)2 n ( —0.6)2
XCEMS—LEP = 75 057)2 (0.2)2

= “best-fit point”
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Fitting the excesses: [T. Biekétter, S.H., G. Weiglein — PRELIMINARY]

: %  Best-fit point : #*  Bestfit point ]
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= excesses well fitted, with good X%25

red points have X%z5 < X%I\/] 125
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Fitting the excesses: [T. Biekétter, S.H., G. Weiglein — PRELIMINARY]
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.:[T‘_.rpe - 1_2 = YE‘M]: 3 . o| Type IV: -_\.2 < "(.%-‘M]:
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— preferred tan5: 0.9 — 10.3 (type II) and 1.2 - 14.5 (type IV)
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Fitting the excesses:

[ T. Biekétter, S.H., G.

Weiglein — PRELIMINARY]

g %  Bestfit point % Bestfitpoint |
030 B =0 _ . 0.30 % Z=0 : .
: w1 ellipse for vis we w1 ellipse for vis oo
0.25 025 b ]
a00 : a0
0.20 ’ 0.20
. 850 5 ] 850 5
i . -‘i % g ‘E
28 ri':' 1-_'. ) \ 800 & Sl S00 &
0.10 “s ] ZEl 0.10 el
o Ty t .:./.N/’ "
0.05 8 . :;::‘aj’r" 7000 0.05 88 3 700
et _ ~ :
Rl R 3 = o Type I1: y? < 1:11] ey V- y? < ‘\:U]
U000 01 02 03 04 05 06 07 08 09 10 9159 OO0 01 0.2 03 0.4 05 06 07 08 00 10 L1 9o
HCnS HOoMS
= preferred My+: 650 GeV — 1000 GeV (lower limit: flavor constr.)
= scanned mass range covered = higher Mg+ values possible
20
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Best-fit point in type II:

Mhp,y Mh, Mps m A my+

05.45 125.09 771.08 73871  714.94

tan o1 o (¥ M1 Vg

519 150 120 1.48 330.00  1002.79

BR;, BR} BR;° BRj] BR,”  BR)"  BR;/”
0.493 0.268 0.162 0.050 5.318-107° 0.019 2.628-107°
BR) BR{Y DBR;° BRj] BR)]  BRp"  BR//
0.554 0.087 0.032  0.060 2.596-107% 0.233 0.029
BR;, BR), BR;I BR;™ BR;" BR2"™ BR,"
0.450 0.160 0.024  0.021 0.146 0.102 0.064
BRY BRY BRY BR7"  BRj"

0.696 0.150 0.022  0.116 0.014

BRjj+ BR}: BRyi' BRy:”

0.846 0.024 0.115  0.013

= surprizingly large BR%Z

Sven Heinemeyer — HPNP2021, 25.03.2021
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Best-fit point in type IV:

Mp,y Mpy Mpg ma mp+

95.67  125.09 746.91  866.93  723.20

tanﬁ 1 @'D) 3 mq2 Vs

5.57 1.51 1.18 1.48 310.59  732.02

BR}? BRy’ BR;* BR; BR;’ BR,"  BRZ?
0.299 0.239 0.142 0.295 4.685-10"% 0.017 2.360- 1072
BR}” BR{? BR;’ BR;’ BR;? BR;."  BR//
0.538 0.088 0.033 0.072 2.597-107% 0.235 0.029
BRY,  BR} BR;T  BRy™  BR,  BR™  BR,."
0.368 0.193 1.975-107°  0.029 0.164 0.125 0.081
BRY  BRY BRY  BRY{" BRY” BRY™ BRY"
0.130 0.037  0.580-10"° 0.043 0.005 0.100 0.685
BRY:  BRj: BRj ' BRp!

0.828 3.024-10~° 0.152 0.018

= substantially larger BR}LI than in type II

Sven Heinemeyer — HPNP2021, 25.03.2021
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Mini excursion: 2HDMS (instead of N2HDM) - type II only
[S.H., C. Li, F. Lika, G. Moortgat-Pick, S. Paasch — VERY PRELIMINARY]

N2HDM: 2 complex Higgs doublets, 1 real Higgs singlet
Z> and Z, symmetry

2HDODMS: 2 complex Higgs doublets, 1 complex Higgs singlet
Z> and Z3 symmetry

= resembles the NMSSM Higgs sector (but without SUSY)

Constraints: as for the N2HDM:
= ScannerS, Evade, HiggsBounds, HiggsSignals, SuSHi, Superlso

= 2HDMS can “obviously” also fit the excesses at ~ 96 GeV

Q: Are there relevant differences?
(apart from the extra CP-odd Higgs?)

Sven Heinemeyer — HPNP2021, 25.03.2021
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HLEP

Comparing tan g:

(Remember: point density has no physical meaning!)

LR L R § EiodR LR Fo UL R PR LR Pl e Dol At TRt T oA T Tl A kot ) Ao
: #*  Bestfit point ]
11530 F - .1\;_;5 -0 ] 12
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L
s ]
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b o ] 0
l. ." 1'. ™
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0.10 B N PR | ]
E 1 L f
s w0 4
. - .'_",5'
el _.' ¥ ._..-:"'a.,
" F ]
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0.()() L RALEL 1. B Pt e
bo 01 02 0.3 04 05 06 07 08 0.9 L0 LI L

N2HDM: tan g < 10
2HDMS: no tan g limits

0.25 A

0.20 1

tan 7

0 15 A
= .
0.10 A

0.05

singlet component of hjy: M123 = v(2\|vgcos B 4 p1osin )

V= 4+ N(STS)(@Id1) + 11155 D5 in the 2HDMS, forbidden by 75
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Mini excursion II: other excesses

CMS 35.9 fb_l (1 3 TeV) m_ T T I T T T T I T T T T I T T T T T4

o | 95% CL exclusion S 80;_ ATLAS s=13 TeV, 139 fb” ]
S 2-9[] Observed 95% expected | 70 M~ scenario o -
— Expected BN 68% expected | p H/A — 7, 95% CL limits .
I Tase > Ta FA/mA =5% 1 60: — Observed :

2.0F . 50 e Expected E

- B tio .

: t20 ]

40:_ I Not applicable B

30 -

201 -

! I | 1 | 1 | 1 | | | | | 1 1 | | | |

500 1000 1500 2000
500 600 700
ma [GeV] m, [GeV]

I

CMS: excess for A — tt at My ~ 400 GeV
ATLAS: excess for H/A — 717~ at My, 4 ~ 400 GeV

Connection to excesses at 96 GeV?
— talk by Thomas Biekotter (session 4A, 11.30h CET)
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What can we learn from future measurements?

— LHC hAqo5 coupling measurements
— HL-LHC hAj95 coupling measurements

— ILC hio5 coupling measurements

— direct production of ¢gg at the LHC
— direct production of ¢gg at the HL-LHC
— direct production of ¢gg at the ILC

— ILC ¢gg coupling measurements

— production of other BSM Higgs bosons at the LHC/HL-LHC/ILC/. ..

ILC = ILC (or other eTe™ collider)

Sven Heinemeyer — HPNP2021, 25.03.2021
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What can we learn from future measurements?

— LHC hAqo5 coupling measurements
— HL-LHC hAj95 coupling measurements

— ILC hio5 coupling measurements

— direct production of ¢gg at the LHC
— direct production of ¢gg at the HL-LHC
— direct production of ¢gg at the ILC

— ILC ¢gg coupling measurements

< focus

< focus

< focus

< focus

— production of other BSM Higgs bosons at the LHC/HL-LHC/ILC/. ..

ILC = ILC (or other eTe™ collider)
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3. Probes of the 125 GeV Higgs at the ILC

Future measurements: = HL-LHC/ILC Higgs coupling measurements

[ T. Biekdtter, S.H., G. Weiglein — PRELIMINARY]

[t il

1.0}

(18]

Type II: ¥° < x8p. You < 2.30
Type IV: x? < &y, X5 < 2.30
HL-LHC {1}

HL-LHC + ILC250 (1 a)
ATLAS current (1 &)
CMS current (1o

(1.5 (1.9

:r:lll_.! .—1"|

= both types show some deviation from SM

Sven Heinemeyer — HPNP2021, 25.03.2021
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Future measurements: = HL-LHC/ILC Higgs coupling measurements
[T. Biekotter, S.H., G. Weiglein — PRELIMINARY]

1l ‘ o Typell: ¥° < vanm, Xog < 2.30 _I g
| = Type IV: 32 < x&ig, X < 230 II'.-r"'-"'h,'l
10k === HL-LHC {15) : b ) :
I = | - I ]
- === HL-LHC + ILC250 (14) ot/ 1
| 2 ATLAS current (1) \ ' 2 _‘"r;
0.9 - —-= CMS current (1a) ' H-; 3
Ll .Jr'll g
Z08F PR )
= 2o 3ol :

1.6

(.5 F J

0.5 (1.6 0.7 (r5 (1.4 1.10) 1.1

= bothg types show deviations from SM
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Future measurements: = HL-LHC/ILC Higgs coupling measurements
[T. Biekotter, S.H., G. Weiglein — PRELIMINARY]

""""" O T TR I I . I N RS, T O - T A b s P [ T ST AT i i kT Lt T D T AR
| Typell X" < xBm- Xos <230 'l ™\
" - . - |\ [
LoF = Type IV:x? < xgpy, x3e <230 - : ..} /]
e HLEHE (1) ' . ;
i s 7
| === HL-LHC + ILC250 {14a) \ /
| mmeee ATLAS current (1 o) /
| — -~ CMS current (1o) iy 7
,
£ Sy (O
ol e
£ 0.9F 5 7
‘I.--
(.8} ’
0.5 (0.6 0.7 0.4 0.9 1.0 1.1

= type II and IV show strong deviations from SM
= N2HDM can always be distinguished from SM!
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4. Probes of the 96 GeV Higgs at the ILC

— Direct production at the ILC
Uses work by:
[P. Drechsel, G. Moortgat-Pick, G. Weiglein '18]
[Y. Wang, M. Berggren, J. List '20]

— Coupling measurements at the ILC
Thanks go to:
— M. Cepeda (for her help with the formulas)
— J. List (for help on S/B in BSM models)
— J. Tian (for help on S/B in the SM)
— C. Schappacher (for some production cross sections)

= focus on “good” points with x2\,s_|gp < 2.3

Sven Heinemeyer — HPNP2021, 25.03.2021
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ILC production of the light scalar in the N2HDM type II:

0" E .
107 E 1
= E
T; 02k !
Eq: : ....................-..lllllllllll.lll!
BeR Ui :
[ mm | EP observed 95% CL excl.
; [ = =« LEP expected 95% CL excl.
077 F w a u ILC250 expected 95% CL excl. 3
g xog > 2.30 .
e Xae < 230 Type ll: y~ < Lam}
lﬂ—ﬂ ......... [ I T LV | LR L
Gl il il ] LK} L10) 121

= new state easily in the reach of the ILC = coupling measurements
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ILC production of the light scalar in the N2HDM type IV:

"k :
107 E 1
= E
T; wn2E |
Eﬂ: : Ill-llllllllllllllllll-llllllllllll....-..!
100 E
[ e [ EP observed 95% CL excl.
) [ = s« LEP expected 95% CL excl.
077 F w a u ILC250 expected 95% CL excl. 3
: i = 2.30 ]
F e g < 230 [ Type IV: 1* < iy |
lﬂ—i-l ......... | T o i b [P
i) 70 R} a0 1(H) 111) 120

= new state easily in the reach of the ILC = coupling measurements
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How to evaluate the precision of ¢gg coupling measurements?

Start with data of the SM Higgs:

SM Higgs BRs:

final state bb gg YT~ WW* Oz
BR 0.582 0.082 0.063 0.214 | 206fb
SM Higgs coupling uncertainties:
ILC, Lint = 2ab~ ! at /s = 250 GeV
coupling bbo g9 Tt WW | ZZ
rel. unc. [%] | 1.04 1.60 1.16 0.65 | 0.66

SM Higgs S/B:

coupling | H bbb H—>g99g H—7tr H—->WW o7

S/B 1/0.89  1/13 1/0.44 1/0.96 | 1/1.65
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Some more basics:

f:=S8/B=Ng/Ng

Holds is background is known perfectly and the overall uncertainty is
dominated by statistical precision

Uncertainty improves with 1//Ng for f =S/B>1

Cross section for ¢gg:

oleTe — ¢Z) =ogpm(eTe — ZH¢96) X |C¢Vv|

osm(ete™ = Z HZ) = 0.332pb
= O <1O5) $gs's can be produced at /s = 250 GeV and L+ = 2ab~1
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Evaluating uncertainties:

e Coupling is measured via decay
A new Higgs boson ¢ couples with g, to xzx

(¢ — xx) gazj
BR(¢ — xx) =: 1/p
AN A 1
5 — 9 9x (1 _ _)
Ng Jx p
e Coupling is measured via production: gy

oleTe™ — Z) g%

ANg 5 Agy
Ng dx
e Final assumption: N N
S S -
(—) / (—) = fu/fp=:D
NB) g \NB/4

with D = 3 as starting point
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Evaluating uncertainties of ¢gg:

e Coupling is measured via decay

) -E Gb

D+ fy \/0(6 e > ZH) [BRUL—»ax) (1-BRU - ax)
14+ fuy olete — Z¢) BR(¢ - xxz) (1 —-BR(¢p— zx))

e Coupling is measured via production: g, (S/B does not change)

S
(%) _ (%) N5 g
qgz & 97 ) H (AN]ZS)H
\ o(eTe™ — ZH)
"\ o(ete — Zo)
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N2HDM: ILC coupling measurements of ¢gg:

[ T. Biekdtter, S.H., G. Weiglein — PRELIMINARY]

A F _ . - 3
o Typell: ¥° < ¥vag. Xog < 2.30 : :
) o Type V: x° < ¥5, Xoe < 2.30 ! .
ir 3
: i
it 3
ﬂ L

= 5 ;
g I :
H [ -j'
oyl I AR ]
g2 4F 3
e ;
s 1
b :
2k I ]
1k I I :

> =hb =TT I = g4 r=WW r= 27

= Clear difference in g ., as expected
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[ T. Biekotter, S.H., G. Weiglein — PRELIMINARY]

N2HDM: 77 vs. WW/Z Z:
05 F -
I 3 4"!’#;
L .- =
= ¥ . ."-7""'-
U 1Py ]
5 04F ’ 'J"E -
2 ;..;:?
® @ L]
L | -
::-r?‘- ﬁnﬁ
':.- -; "'
' ) .
U3 o Typell: \? < viys Xbg <230 === ILC250: 2ab™! (1o) ]
e Type IV: v° < var, Yae < 2.30 ]
""" 01 o0z oa o4 s TTTTTos
Chy T

= model distinction possible via coupling measurements
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5. Conclusinos

e Interesting excesses at ~ 96 GeV:
CMS: pp — ¢ — vy (30 local)  ATLAS: no sensitivity (yet)
LEP: ete™ — Z¢ — Zbb (20 local)

e MSSM cannot explain the CMS excess = to rigid 2HDM structure
More general ansatz: = N2HDM analysis (also 2HDMS)

e Only type II and IV can fit both excesses simultaneously
= type II “most easily” (as predicted by SUSY :-)

e Analysis with ScannerS, HiggsBounds, HiggsSignals, N2HDecay,
Evade, SusHi, Superlso
= many good fit points (x2\s_ gp < 2.3) found

e ILC250: analysis of ho(125):
— precision measurements of couplings can distinguish N2HDM vs. SM
— possible distinction between type II and IV

e ILC250: analysis of hy:
— hq can be produced abundantly
— number of 77 events clearly distinguishes type II and IV
— precision in couplings: 1-8%: g, best from production
— coupling measurements (77, ZZ) clearly distinguishes type II and IV
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N2HDM: dependence on D = fg/f4: [S.H., P. Toledo '20]

Incertidumbre relativa (hy — bb) en funcién de D Incertidumbre relativa (h; — 7777) en funcién de D
5r 45
— Tipo 11 &3 « Tipo 1l !
X 457 . TipoIv ol Tipo IV yafls :
I T I g !
= 4 3 3.5 5 ) ! ]
> + !
T 3.5 b« 3r " . ' [}
= 8 T ssl I I I
& 5
25} < 2f
/:: 2} _5 15 -
q|= =
-~ 15} <]| - 1f | | I
1 L 1 I 1 I ] 0-5 1 1 1 1 1 1 1 1 1 1
0.5 1 15 2.5 3 3.5 4 4.5 5 55 0.5 1 1.5 2 25 3 3.5 4 4.5 5 55
Valor del factor D Valor del factor D
Incertidumbre relativa (h; — gg) en funcién de D I}_lgertldumbre relativa (hy — W W) en funcién de I
7r 7r

Tipo 11
6| +« TipolV

=
/O'\ é .
é 7 6r| _+ TipolV
= =
&y 5r - 8
T -
(- 4_
& III D
S ™
Z3r < 3f I
||||| B

Tipo I1

~

w

St o2
q|= 2 — 2
S’ >
<=
1 Il 1 Il 1 L 1 Il Il 1 ] ~ 7 1 1 1 1 1 1 1 1 1 1 I
0.5 1 1.5 2 25 3 35 4 4.5 5 55 0.5 1 1.5 2 25 3 35 4 4.5 5 58
Valor del factor D Valor del factor D

= non-negligible, but small = “robust” result
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SUSY realizations

What about SUSY??
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SUSY realizations

What about SUSY??

= type II fits best, type II is needed for SUSY = no surprize! ;-)
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SUSY realizations

What about SUSY??

= type II fits best, type II is needed for SUSY = no surprize! ;-)

= models with an additional singlet??

— NMSSM
— puvSSM

Q: Can the models fit the excesses despite the additional SUSY
constraints on the Higgs sector 777
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What about the NMSSM?

Parameters:

A= 0.6, k = 0.035, tan 8 = 2, perr = (397 + 15z) GeV, My = 1 TeV,
Ax = —325 GeV, MSUSY =1 TeV, At = Ab =0

g, = ['[h; — ZZ] - BR[h| — bb] olete” — Z(h; — bb)]
b = — it p—
[Hsm(Mp, ) — ZZ] - BR[Hsp(My, ) — bb]  olete” — Z(Hsm(My, ) — bb)]
: [Th — gg] - BR[A — yy] _ Olgg Ay yyl
7 T Hsm(Mp,) — ggl - BR[Hsm(My,) = vyl olgg = Hsm(Mp,) — yy]
0.500¢ ] 0.5001
0.100¢ [],100[
e 0.050 1 0.050
0.010¢ 0.010F
0.005¢ 0.005F
9—1 Qlﬁ !JIS 1(.}{1 9.4 9& ‘JB 1('}{1
M, (GeV) M, (GeV)

= both excesses can be fitted simultaneously (at 1 — 1.50)!
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What about the urSSM?

pvSSM: [D. Lopez-Fogliani, C. Mufioz '06]

urSSM: NMSSM + well motivated RPV (in simple terms)
= EW scale seesaw to reproduce the neutrino data
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What about the urSSM?

pvSSM: [D. Lopez-Fogliani, C. Mufioz '06]

urSSM: NMSSM + well motivated RPV (in simple terms)
= EW scale seesaw to reproduce the neutrino data

Can the urSSM explain the two excesses?
[T. Biekotter, S.H., C. Mufioz '17]

VL b AY tan [ A A K AF M,

V2-105 1077 —1000 2  [413:418] 0.6 956.035 0.035 [—300;—318] 100

u u,d € €
200 1500  800% 8002 8002 0 0 8002 0 0
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Can the urSSM explain the two excesses?
[T. Biekétter, S.H., C. Mufoz '17]

neows N R

027 0.29 0.31 0.33 0.35 0.37 0.12 0.14 0.16 0.18 0.20

a0 _300
3014 -301
3024 302
3034 -303
3044 -304
3054 -305
3064 _306
3074 307
30= _308
= -3 fg _309
~310 -310
3114 311
312§ -312
3134 313
3144 314
3154 315
3164 316
3174 217
3134 318
413 4135 414 4145 415 4155 418 4165 417 4175 413 4135 414 4145 415 4155 416 4165 417 4175
1 1

= YES, WE CAN! :-)
at the 1 — 1.50 level
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Why can SUSY explain the excesses only at 1 —1.5¢07
[T. Biekétter, S.H., C. Mufoz '19]

0.22 T T T T T T T T .
: . 101
: l'. :
0.20 F o’ ]
: ot : 100
o ]
0.18 E 99
0.16 F . 98
q, : / ]
ﬂ i . 1
0.14 F //‘ . 97
0.12F f/ 96
; Vi ] 95
0.10F P4 .
[ '_,a' ]
F . ] 94
008 -||. |||||||| | IR NN Lo a0 Lisa a0 Lasa a3 Lot g a3 Laog a0 | N -
022 024 026 028 0.3 0.32 034  0.36
HcmMms

= SUSY enforces strong correlation!
= note: ATLAS limits and CMS “observation”
will likely result in a lower p| yc!

M py
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