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The Higgs Lamp Post:
m, ~125 GeV + SM-like

No New States at the LHCI!!

Alignment
SUSY = NMSSM
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W =

K 1
)\SHqu + gs —,Csoft = )\iA),,SHqu -+ §IﬂAn53
2 Doublets (H,, Hy) + Singlet (S) 1 [
Singlet couples only to the Higgs Sector. m, /
Singlet acquires vev: £ = A v, M/ Ms
3 CP-Even Higgses:
* Mixing between all three (H,, Hy and S).
2 CP-Odd Higgses:
* Mixtures of “MSSM" m, and singlet.
Charged Higgs

Singlet-like CP-even and odd masses anti-correlated.

Singlinomass: 2 Kk /A
NMSSM Hiqgs Sector
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Hgpr = sin P + cos B8Py ‘tanﬁz oL
Hyspr = —cos fPq1 + sin 8Py
(Hsp) = v
H =0 d
(HNswm) cos(B-a)=0
* Hcyhas completely SM-like couplings.
* Mixing between Hgy and Hygy SM-like HIGGS!!
“cos (8 -a)”, gives non-SM behavior of
observed h125. ALIGNMENT

Higgs Basis
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* Interaction basis: (H,, Hy, S) <H>=v,
* H,: Couples only to up-type fermions <Hy> =,

. tg =V,

* H,: Couples only to down-type fermions B T

 S: Only couples to Higgses

CP-Even Higgs Bases
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* Interaction basis: (H,, Hy, S) <H>=v,
* H,: Couples only to up-type fermions <Hy> =,
* H,: Couples only to down-type fermions tg = Vg

. <S>=p/A

 S: Only couples to Higgses

 “Extended” Higgs basis: (Hycw, Hey S)
* Hyg (down, up, V) = (y,tg, Y,/ t4, 0) <Hygy> =0

<Hpy=> =

+ Hy: (down, up, V) = (s Y, G > = V

CP-Even Higgs Bases
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* Interaction basis: (H,, Hy, S) <H>=v,
* H,: Couples only to up-type fermions <Hy> =,
* H,: Couples only to down-type fermions tg = Vg

. <S>=pu/A

 S: Only couples to Higgses

 “Extended” Higgs basis: (Hycw, Hey S)
* Hysw: (down, up, V) = (y,tz,y/tgz,0) <Hysy> =0

<Hcy=> =

+ Hy: (down, up, V) = (s Y, G > = V

* Mass basis: (H?, H¢, H)
* H'= KiguHyn+ KlgyHgy + K'sS

CP-Even Higgs Bases
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* Interaction basis: (H,, Hy, S)
* H,: Couples only to up-type fermions
* H,: Couples only to down-type fermions
 S: Only couples to Higgses

 “Extended” Higgs basis: (Hycw, Hey S)
* Hygy: (down, up, V) = (ygtg, ¥,/ tg, 0)
* Hoy: (down, up, V) = (Vg Yo Guw)

 Mass basis: (H?, H%, H')==3(H, h125, hS)
* H'= KiguHygn + KlgyHgy + K S

CP-Even Higgs Bases

<H> =y,

<H> =y,

tg = vV
<S>=pu/A

<Hyy> =10
<Hgy> =V

Alignment:
h _
K 125S =0

Nausheen R. Shah
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M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15

A, mp=125 GeV

MS (GCV)

|||||||||||||||||||||

Alignment (No-Mixing):
2

U

~ )\2? sin? 28 + M% cos® 28 + AT

A; = —cos 268(mi — M32)

Well Known
* 125 GeV Higgs

* Tree-level contribution to Higgs
mass from A .

« A ~0.650.7
* Lowtanf3
* Light Stops

125 GeV Higgs Naturally!

Nausheen R. Shah
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Perturbative up to GUT scale.

« A_,~07, K_ .~ A2

Not so well known:

* Leads to excellent Alignment (very
little mixing with Heavy Higgs) in the 5

m,- tan 3 plane.
10—

0.9}
~ 08}

0.71

8hdd / 8hddgy

6F

, I. Low, N.R.S, C. Wagner, ‘13

A = 065
4+
S N 2. § s LT
~~~~~~~~~ 13k
200 250 300 350 400 450 500
my (GeV)
2 2
\2 my M 7C233
alt 9
vzsﬁ

M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15

SM L|ke nggs Naturally!
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A’alt’ K = A.ah/2,

mp(GeV), tg =2, my =125 GeV
500 ———————

M (GeV), k= 2A"/2, mu=125 GeV

CP-even/odd singlet masses

400} ,
- anti-correlated

>

S

g 200}

1005 [750]
00 150 200 250 300 ____ A {
1l (GeV) 200 250 300 350 400 450 500
my (GeV)

T 22928 T 22928 T LIGHT SPECTRUM

Singlino:2 K /A ~< U

Si n g ‘et A‘ ig n m e nt M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15
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* Apart from tt, significant decays into H2+H1 and neutralino/charginos

0 5:+ ¥ 1 Coupling to h125 pair 0.5} £ f -
N suppressed % i % 3

'3: + *I- *"‘ pp 1 - .:*_ i 1
g due to alignment. PR = ?ﬁ i |

04 * + ‘g + ] 3 0'4_'* i : sk . ’
C Rt T > F ow 3 O . ‘ 4
I T o+ SR F % . ”
e *ﬁ, + I S W A ¢ '

T -+ . Y <03 | TF g W ]
= | x F LT B x| g%* % T )
8 i e TR ~ 02t e i Mg My,
0.2} : I % ? ?‘2 ;’% o

- S uu & 7y

_ 0.1 % e % %

s [ * *i Wl g B

O-I-I T T * . - PRI U T W W W WO ST W WA TN N N TR T .*. .*l b
300 350 400 450 500 300 350 400 450 500

myg (GeV) my (GeV)
.tan B =2 .tan B =2.5 .tan B =3

H, BR (A, BR similar) =*=""

Nausheen R. Shah Feb 28, 2017

19



* Light Neutralinos:

* Relic Density can be obtained via resonances or NMSSM “well-
tempered” Neutralinos

* Generically large direct detection cross-section via h125
* Need “Blind-spot” cancellations. E.g:

z _ mX 2 tﬁ + tﬁ C. Cheung, M. Papucci, D. Sanford, NRS, K. Zurek, ‘14
osr X + 2 2
B K/ My My

1 AV | Av 2 m K L °
—— | 256 Sh.s — 2 — :
+mis( h’+u>[M2mX+ ; (tﬁ N)+>\2U]}

Conditions: 4 >0
U ~m, tB /2 (h125 coupling reduced)
hs < h125 (need alignment for ¢ and m, )

Cosmology? 13
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B. Bhattacharya, M. Carena, NRS & C. Wagner, In preparation

* LSP could be ~O(10 GeV) or ~0O(100 GeV)
* hs <h125
* Mixing can change total width of h125 — significant mixing still allowed
* If hg <h125/2,h125-> hs he — Exotic decays of h125
* h¢ can have significant production cross-section ~ pb
e if hy>2x,BR(hS-> x x )~ 100%
* QOtherwise decays with SM-like BR
* Forlowtan 3, m, can be few hundred GeV

* Significant decays of both H and A into Higgses and Neutralinos

* Note: H->h125h125/ WW/ZZ and A -> Z h125 all suppressed by alignment/
decoupling

Cosmology Benchmark y

Nausheen R. Shah
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e LSP could be stable on detector time-scales but unstable on
universe time-scale

* (onsider collider phenomenology independent of cosmological
constraints
* First question: Alignment with or without decoupling

* Most interesting LHC phenomenology when all states light (no
decoupling)

* Pursue NMSSM parameter space using “alignment”
* Pinpoint promising signatures
* |n particular will focus on mono-Higgs

Heavy Higgs Pheno s
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S. Baum, K. Freese, NRS & B. Shakya (preliminary)

Decoupling
m, < 3 TeV

| pee /T 4, |
(e ]
()]

T

. h’l = h’S.\'l
. ,?.2 = h’SM

- /l'uli;.{n(h" = _l) .

- /l'align(h.' p— —0.5)
- /1':\lig11(""‘ = 0) |
————— /l'aligu(h.' = 05) -

s /l'uliull(ﬁ' = 1)

0.4
02 f
Fom, <1V TTEEEEE
0 . . 1
1 2 3 1 2 3 4 5
tan 3 tan 3
NMSSMTools Scans asking for SM-like h125
0 0
Misalignment? 6
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* My ™ My

* Completely “MSSM"-like A, has xsec ~ 2 “MSSM"-like H,

* Mixing with singlets will reduce these xsec

* A, can mix significantly with A, consistent with alignment conditions
* Still comparable xsec to H;
* Significant BR into non-standards: x . X ,, A1 h125, hcZ

* H, mixes less with singlet, but enough to also have significant non-
standard decays:

« X X hohi25 A Z

AZ and H3 17
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S. Baum, K. Freese, NRS & B. Shakya (preliminary)
0.20 1
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' 1t 0.01
200
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If A, or hg > 2%, BR(yy) large

Non_Standard BR Otherwise SM-1ike BR

Feb 28, 2017

Nausheen R. Shah

1 — BR(A; — standard)



~
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S. Baum, K Freese NRS & B. Shakya (prellmlnary)

108 \/7—13TeV IVWIV*thSM—wylmet Dw

L =133fb! — BPy, 04q=0.45 fb

10° Background: ATLAS-CONF-2016-087

A. Can add up contributions from
both H; and A,

10?

B. Expect stronger sensitivity
—h125 back-to-back with MET

H entries/0.5 \/ GeV

0 2 4 6 8 10 12 14 16 18 20

Episs significance [/ GeV ]

Mono-Higgs (to ¥ 7)) i
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(A)

400

100

400

100

mg = 1000 GeV

mg = 600 GeV

200 400 600 800
my, [GeV]

me = 800 GeV

g8~ @ - x1 x3 = x1 X1 (hsm = ¥7)
me = 400 GeV
L = 300 fb!
—8 5 9
\B+A2B?
A =01
S>5

400 600 800
my, [GeV]

4x1072 107!

Tmin(88>P-x1¥3-x1x1(hsm—7y)) [fb]

Depending on mass spectrum, can have sensitivity ~sub-fb

Reach?

mo1 [GeV]

(B)

L = 300 fb!
. S > 9
\B+A2B?

A = 0.1

gg = Oy > @1 hgy = Y1 X17Y

400 500 600 700
mae2 [GeV]

4x1072 107!

800 900 1000

O min(gg->P2->P1hgyi— x1x17Y) [fb]
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T T LI B e s

[ R B 1000 .
400[ gg - Hs [ Ay > x1 x3 = x1 x1 (hsm = 7Y) ] !
[ S ] o~
3501 / 2 m > 2 X i t
[ B+A* B : 800 ><_
A = 0.1 1 L 5—(*
3000 § > 5 . N
CE 250 e CE 600
& 200f g .
; 400
1501 ,
100:* F: 200
sof L ]
300 400 500 600 700 800 900 1000
my [GeV] mea [GeV ]
(A) (B)
I RN 0 | l T
1072 1071 1 1072 107! 1
o /oE0m " [fb] o /oL [fb]

As expected much better reach for channel (B) — even when tt is open

NMSSM 2
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1000 = y 3
* A/H->Zhs/a-> ZDbb (cMs--arkiv:1603.02991) ~ oo =1
900 ° (7'/()'()1,s =1-0.1
, 0/0()1,> < 0.1
e AlH->Zhia->7 MONO-Z) (CMS - arXiv:1701.02042) ~ °°
S
700
e AH->hgah125->bb ¥ ¥, 4b?
% 500
= 400
1000 ]lI3 :_) Z"Al ms'calar ——" mH;i : ' ‘ /’/L 300
900+ V, o mpsnudoscalar = ma /,’/ 1 200
: i 100} .- : ;
100 200 300 400 500 600 700 800 9001000
N "lps('udnsmlnr [GCV]
>
(<] i
&) 1000 F 7 7
T a5 ZA1 Mscalar = MH3 /,’
_: . 900 + g Mpseudoscalar = TMAL ///
g ] 800
700 - A Zh
E -~y % i - i
5 600 .
] .S; 500 //// Miscalar = Mhi
] £ 400f T ot o
100 200 300 400 500 600 700 800 9001000 300
Mpscudoscalar [GCV] 200}
0.1 1 10 100 103 104 105 100 200 300 400 500 600 700 800 9001000
o(ggF) x BR(H3/Ay; — Z + (Ay/hi — x1x1)) [fb] Mypsendoscatar |GeV]

[ T
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O't h S t ? o(ggF) x BR(H3/Ay — (Z — 00) + (Ay/h; — bb)) [fb]
cr Ig Natures: 22
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* m,=125 GeV + SM-like

* Alignment: Decoupling or Prediction for parameters.
 NMSSM Higgs sector at low tan /3.

* Perturbativity and the requirement of alignment with the singlet

* light singlets (both CP-even and odd) and singlino + higgsinos (charged and neutral).

* (onsistency with Cosmology provides further guidance
* singlet scalar lighter than h125 — not decoupled
* Large BR of non-SM Higgs into singlet like states + neutralinos
* Mono-Higgs reach studied in detail
* (Complimentary channels:
* mono-Z

« 2b27,4b7

Nausheen R. Shah Feb 28, 2017
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BACKUP SLIDES

hhhhhhhhhhhhhh

017
24



tan 3 1-5 1—-5

A 0.5—1 0.5- 2
k || —05-05 | —1-1
Ay [-05—-05TeV|-1—1TeV
Ae [|-05—-05TeV|-1—-1TeV
teg || —0.5 — 0.5TeV|—1— 1TeV

Mg,|| 1-10TeV |1—10TeV

TABLE I: NMSSM parameter ranges used in NMSSMTools scans.

25
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* How much “non-standardness” is allowed M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, "15

by h125 measurements??
tan 8 =2, upp=1=x0.5, puyy=1£0.3

0.8F -
* Kysubyswt+ KgyHgy+ KS
0.6¢ ]
* Singlet: Only couples to Higgses
04t
. 8z h125
* Ratios to SM: 7z
0.2}
* Oy (Kout Kysulty)
Ihaa = (K su- Knsutp) 00!
Jw = Kooy
e 02}, , , , , , ]
* Significant K ¢ OK -06-04-02 00 02 04 0.6
* large K gy from sign change of g, 4 kg

Contamination allowed in h125 77

Nausheen R. Shah Feb 28, 2017
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* (MS 1505.03831

e Strong constraints on SM-like
Higgs decay to VW ~12-6%
SM value for masses
160-500 GeV.

2

95% CL limit on o/og,,
- 3 3

—k
|
—
3 -

1072

CMS w5117 Tev)+upto 197 (8 Tev)

l I I I I I | I I I I I I I |

== Combined

=== Comblned (exp. * 20)

Il
¥
~
? 5
|
&=
*
Ly
e
a

—H 5 ZZ — 2821 - ’
—H - ZZ — 2{2q

| Illlllll L1 11l

1 l 1 | 1 l 1 | 1 I 1 | 1 I 1 1 1

200 400 600 800 1000
m, [GeV]
Heavy H to VV 7
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, ) ) M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, 15
Strong constraints on SM-like Higgs decay )

to V'V ~12-6% SM value for masses tan =2, pyv <0.12-0.06, mg = 200 GeV
160-500 GeV. 1.0f = | i
Only K ', couplesto V'V 05l
What does this imply for SM and NSM
. =
components of extra Higgs?? <2 00;
« 160 GeV < myc < 350 GeV <
o BR(WW+ZZ) ~1
 gF production XS impacted. —0.5;
: hi25 .
W|th Khs NSM mz(i _10_ . A’ . B
© K T~ KT -10 -05 0.0 0.5 1.0
* KM% smaller than allowed by h125 KS¢M 125
measurements! >
Direct Searches for heavy resonances?
Nausheen R. Shah Feb 28, 2017
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* NMSSMTools + HiggsBounds/Signals
* Allowed “misalignment”

tan B =2
.tan B =25
.tan B =3

300 350 400 450 500

My (GeV)
M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15

Misalignment

Nausheen R. Shah Feb 28, 2017
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Density of scan not relevant

k™ A =0.65 k™ A =065

ssol singletawayslessthanmy2 & o3| 25plee.e = ° (F-even/odd singlet:

: MED | ‘: massesH

; * ‘_ ; « Anti-correlated;

200} | - :
—~ ! 8 — j C )
N [ : b . t % ]
s 1500 ¢ t 1 R S A P €3,
) o 11 AR M ) ; e 33 F¥E :
_g :. .- .: e ¢ m* e .-. . Lo _@ “a “« @ ¢+ & » :
Sroof ¢ g EEwmerla o) S0 T3§§3¥iig
B O O R | i?t;‘:.-

| $roat attmt L ] | 3L 2.

50p = . ; S50 - . :
300 350 400 450 s 100 150 200 250 300 350

myg (GeV) my, (GeV)
.tan B =2 .tan B =2.5 .tan B =3

Singlet Spectra
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* Decay BR depends on tan f3

M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15

0.8 Y o :
[ e ’*“ 0.8} st e j’k'-

0.7} o b o ; w3 e S S
5 UL o o TLLL

0.6¢ i ® M L% R YR
I % *** *i i: "06£ i = % % T‘ﬁc ¥ ]

0.5¢ * Aol e gl RO T s X
BT R R o o

0.3} % 4 i % . %? q i )

o2 # 4 % S i ¥ .
[ % , 3 ] i

0.15;’* ¥ MSSM-like m, : 8 MSSM-like m, |
o i ! oL ]
350 400 450 500 350 400 450 500

my (GeV) mga (GeV)

MSSM-

tan B =2 .tan B =2.5 .tan B =3

ike A and H decays into tt

Nausheen R. Shah
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* Apart from tt, significant decays into H2+H1 and neutralino/charginos

0.5k ¥ 1 Coupling to h125 pair | 0.5t % f -
~ I * -+ d i :* .
Ex S suppressed | T .
L 4 % due to alignment. 1 PR ¥ 4 ]
~ 04} :t+ +4_‘§ $ ) 4 04 i : - ! i ‘
B RN S W PR N
= |k S 3 S o W
T . % i - 0.3:-}- + L ] ’
x 05 L FF ' T T % * '
= | T gt = 02l % ¥+ TATRN
Q i o i * I . e g
0.2 i % I L] ? ?: :i *’; éﬁi
- Sow ¥ & 7
i 0.1 ¥ 'I; . % tié
i i Ty W g R
0.1 P T T * . - SRS BT UT NS S SR RS T S .*. s

300 350 400 450 500 300 350 400 450 500

myg (GeV) my (GeV)

tan B =2 .tan B =2.5 .tan B =3

M SS M ‘ i ke H B R M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15
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BR(A-hsZ)

Into Sing|et_|ike H1/H2_Z and inos M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15
------- e L N R B 08— .
F o+ ] :% — :
% h125 decay suppressed ] 0.7t i’ % - tan B 2
0.25; ﬁ- F $ due to alignment ] ¥ + + . tan B =2.5 ]
, ¥ S — ]
ii%* 506;*%’%; .tanB—3
0.20 i % b o 0.5f *
i ¥ R A 04
o1sp L THy F 2 <
.' - : +
[ o & 0'3: *
0.10} ¥ ; : * Tk
| ii NI
[ % . . . | E ¥ .
0056 .. . .. I T i : o1y o TE P
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24
MSSM-like A BR
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BR (hs — bb)

* Singlet mainly decays to bb and WW

o 0.8t
' g, o+ L]
0.6 5 A, | =04
+ 41%:{;,‘ & i
! F WOR i
04} * : Tn Pl
A o
. xQ
0.2t . ] 0.2}
00L., . ., | ‘i 00L. i R,
50 100 150 200 250 50 100 150 200 250
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my, (GeV)
M. Carena, H. Haber, I. Low, N.R.S., C. Wagner, '15

Singlet-like he BR
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Mg (GeV)

XS factor ~ 4 at 14 TeV compared to 8 TeV

CMS PAS HIG-15-001

e Currently Excluded
250l ® 051
01-05 .
L ]
o 102 - 101 g
200 , : 253
® <10 * 2% &%
) 8"_ d : :
8 o o
150} ° E &
°] o 5 00 Qig 008 o
o Sp e e o°
100 o} Cf; @ .:8 .... O.g oo
M EE R
@ o]
% ® ..Q. :.0 '?. :’3 o’
50! o ° °
° o
300 350 400 450 500
my (GeV)

Now & Future

mp; (GeV)

250}

200}

100+

S0-

Nausheen R. Shah

0.1' g o ‘. ..;bﬂ. r.".
o .o(pcn » s .
2225 o HVRRA S SO ¢ »
001} " oo ° o . :’.i-'.n ‘e
@ 80080 o e o @ .
: °0°°. O%. - .‘. * ...‘..‘ L
L
5: °:“§ oﬂf@?%’ NOY i LY B
b 0001, °8% 3, B, %% e, *
g o0 %o%. '-‘8‘... .P:"o...
oo%: : 8 - ". .
E oCe . PR
T 00001}, © %, e
@ $o * %% 000.:0... e .
by %0, @ o® % <%
g ooooot ¥ (S 1508 03631
co I
co .
HVV/SM ~10%
8 TeV " -
€ R
. .
140 160 180 200 220 240 260
88 - H - hhs > 46 () s (Ge¥)
o <10
v 10- 50 /o
.9 !38 o 50— 100 %
L]
2 s 100150 fb
] ! ‘r’ ‘,o 80° Ce o Cg
° ° ° o o ° %0 oo e 150-200 o
® e .2 o oo fo%e] o0 °
® %o ee 408 o2 _ 0 C o0 % o° ® 200-250 fo
T s g8 :': 850 9% 0 " 5 0 ° o
!S :' 02° 03 .:o oog 0% & ® 250-300
$ g8 S :‘ hd ::o g0° 02 00 0%
:0 «® :‘ ° OO 0® o
L ]
(-]
°
@
300 350 400 450 500
my (GeV) Feb 28, 2017

22




23

Feb 28, 2017

500

450

400
my (GeV)

350

300

- 18
&N
M
. . ®, — 1
¢ o, % o O M
“o -”\. o.- . . ”OO W e & 8
e 0"t e JetOD o S8 % 8
090 o200 ., O 18y 8RR =79
oolel o0 ﬂ e - ~ N S
. IR TTe! vs ) 8 8
‘é QO. > * . ..~ (@) w . s o e
2o Qo ow, % ¥ oo ‘Lo W |wGe
Mb. 4...“. 20 e @ cf e * T W N M.
oo, °e o) . , _ '
¢ ‘loom-ol oo® o* oﬂ = o-w # 0wl o.o.w-o&o c@y.eoo 00 00 @
% o8 ”"ocoo . &co m xI ™~ r ooow%ogﬁu 20 on%ooeooo% g
& o .' oo . & ®00goc 0 8OQ O om 00 ®
0 @ [ d ®
lomoo oMo o-moﬂpao Aot mu 9. . -m Qow%%%ooomﬁoooao ®
@ pwc e °° O 55 e o
N B T S A s il
ong* Fe o SIS 1 S
oo” oo Omoﬁooo ) ” WMOO oo@oooo °
) ) ) ) ) ) N ° oo CooPBE 6 ¢ 90 oo
> > ~ = pr e®0 0 o o® oo
S § § 3 ¢ S
1‘
!mb\b.égThﬂTMM nﬂ oo%oom“w%o.woo“.ooo oo”oooou.
[-5s]
V s otooﬂdo“ﬂoo - ooooo
e on‘oooo ooo ho °
— ) ) ) L L _‘0 ]
o0 R S 3 S
(A20) M
= 00 o O m
O o9
L 0 9% o wn
Onw ooo o9 woo e
- °© r
T 4 o0
= 5 LY o
® Q O e} o O
1 =R i B S
o IUI L ] “‘“.' % ﬁ " 000’ t
nmu S s n‘g@mo o mo % u
O Q %., ® eeego 00 g 00,00 o m 5
= © = —hsEme 8 et o §3 L
— ! =
(@) T e
< = .too @ oe 0 09 00 e 1 =
~ N BRI © T e | & &
— i
] 5= o0 00 =
~ o ]
~ [ Fulimand? ©7F R
N S 1|3 W
C sl & 2 ® ogue © 8 &ooR¥e °
b= | " S
O I m =~ S | L] ® .m
k2 1577 {8 cawosew® &
| = i
- EIEREE =
e o o o @ o o° &
R S R S R
o N ~ ~

(A2D) *u

Nausheen R. Shah




................................

—02 -01 00 01 02 03

hy
Ksm

h125 Components 37

Nausheen R. Shah Feb 28, 2017




* Tree-level mass matrix in the (Hyqy, Hey, S) basis:

mi + 835 (M7 — 3A%0°) sapcap (M — 3A*0?) —eap ( 232/3 + )
CQ‘BmZ + ]-AQ'U 82’3 \/_A’U’Ll, (]_ —_ 4—”25213 — ﬁSQﬂ)

Av2sy5 (M sap 4 Ru 4I~m
4 22 _X (A + )

* Alignment: Mixing between HNSM-SM=0 & SM-S =0
* Alignment conditions, (+ stop corrections to always obtain h125):

1 3miX; (X; — Y, X2
Mg(l,z):t—[cwm%—/\/tg@,z) A?s? + mi X (Xi — Y1) (1_ )] —0

5 4202 M2 6.M2
m? s2 KS
2(2,3) = 2xwp (1 — —28 1) _ g
MS( ) ) Vi 4u2 2\ -
2 2
N miy — M7zcop
NSM-SM mixing cancels for Aﬁlt == 2Z

2
USB

“Extended” Higgs Basis
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X. Lu, H. Murayama, |. Ruderman, K. Tobioka ‘| 3

M
W D ASH,H; + 752 + u H, Hy Viott D m%|S|?

V O |Fg|?> = |ANH,Hy + MS|?

dm2 = Nv?sin?28 [ 1 — M
M? +mj
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It is well known that in the NMSSM there are new contributions to the lightest CP-
even Higgs mass,

W = ASH,H,; + 253

22
mj, N)\Q 5 sin 26—1—]\[20052 28 + Ag

It is perhaps less known that it leads to sizable corrections to the mixing between
the MSSM like CP-even states. In the Higgs basis,

1
tan 3

The last term is the one appearing in the MSSM, that are small for moderate mixing
and small values of tan /3

M2(1,2) ~ (mj — M3 cos 28 — A\*v?sin? B + ;)

So, alignment leads to a determination of lambda,

The values of lambda end up in a very narrow range, between 0.65 and 0.7 for
allvalues of tanbeta, that are the values that lead to naturalness with perturbativity
up to the GUT scale

- M % cos 23
v2 sin’ 3

2
m
A2 =
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o M. Carena, I. Low, N.R.S, C. Wagner, ‘13
A=074 ’,':
e il | W It is clear from these plots that

200 W SRR e 0w 0 0 the NMSSM does an amazing
job in aligning the MSSM-like
CP-even sector, provided
lambda is of about 0.65

(11i) (iv)

8hdd / Shadgy,

A = 065
:’" 1“‘
S S B
A FYE] S ] e
200 250 300 350 400 450 500 200 250 300 350 400 450 500
my (GeV) my (GeV)
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* Inthe (*“MSSM m,”, Singlet) basis:

2
2 Av [ Ty 3K
m ——= | 5528 — —~—
M= | i (o= %)
o 2
142,2 ma 3k SkAkp

CP-Odd Mass Matrix

Nausheen R. Shah Feb 28, 2017

42



tan B =2 .tan B =25 .tan B =3
025k, A =0.65

240, DAQ) e _
220, 1 2000 — (1-TEE_mw) o
200¢ 1 200F
g 180} 1% 180
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3. I 1 3 [
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e Largertan B => Heavier Stops => Larger Fine Tuning

ki, A =0.65

120 1 100}
100} 1 8ol

K, A =0.65

| 60 i
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e (CP-even vs. Odd
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* H1 H1 /H2 H2
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* tt + chargino/neutralinos
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RGE
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1. The gluon fusion production cross section of the would be heavy MSSM
states (A and H) is enhanced due to the top Yukawa contributions at low
tan 3, and can be of the order of a few pb.

2. The non-standard Higgs bosons can have relevant decays into the lighter
singlet like Higgs bosons as well as into the light electroweakinos.

3. The decay of non-standard Higgs bosons into tops, taus and bottoms will
be suppressed due to the small values of tan B and the presence of
additional decays.

Phenomenological Consequences
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