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1. The definition of the hMSSM

MSSM Higgs sector simple at tree level, only 2 inputs: Ma, tanf}

Complications due to Radiative Corrections involving Ms,Xt,Xb,u,...

M2 MAZMZ M2 c0s228|+ gt [log o3 + ok (1 X; )]

2722 sm2 B 12 M2
The LHC told us : Mnr= 125 GeV, Ms = 1TeV

hMSSM: trade the value My = 125 GeV against the radiative corrections
Back to tree-level: only 2 inputs Ma, tanf for Higgs sector and non SUSY parameters:

(M2Z +M2Z— Mﬁ)(M c§+M2As§) M% MZc3,

M# = MZc2+M?2 s2—M2
cs+Mjss Mz, ~ M2 + M3,

o = —arctan (M rz—f)cﬂsﬂ

Effective and model ‘independent approach’ approach of the MSSM Higgs sector :
® opens the low tanp region in a very simple and economical and accurate way
e requires large Mg at low tanp; not defined at very low M A

® needs large fine-tuning (but theory already fined-tuned anyway..)
2




1. The definition of the hMSSM

5 Djouadi, Maiani, Polosa, J.Q, Ri&)uer, arXiv: 1502.05653
Ma > Mz
: My =130 GeV ...
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2. Assumptions: standard mass matrix

The CP-even Higgs sector is usually described by the 2X2 mass matrix :

M2 M2 3 —SpCa M2 S5  —SaCp N AME, AM3,
= Mz A

—s3C S —sgcg AM%, AM:3,

It is by diagonalizing this matrix that one obtains My, M}, and a:

* tree—level masses are given in terms of M 4 and M, plus the angle B;

® radiative corrections (with the SUSY parameters) appear only in AMZij.

(common wisdom...

In the hMSSM, we assume that this picture is valid at much higher scales.

This is the main ‘problem’ and subject of discussion:
Question 1): how far can we go in Mg while retaining this simple form?

Question 2): when RGE improving, the matrix has still a convenient form?



2. Assumptions: standard mass matrix

The complete approach: eftective THDM with heavy SUSY

V =m?01®; + m&b®i®y — miy(®]®s + h.c.) + 1A (B]@1)% + Lho(D)D,)?
+A3(R1®)) (BLD2) 4+ Ng( BT D) (®ID1)  Carenacrar. (1410.4969)
- {%)\5(@‘;@2)2 + N6(PID1) + A7 (DL D,) | DT D, + h.c.} , Ms

i) Match the THDM quartic couplings to their MSSM values.

Al = Ag = _()‘3 + )\4) - i(g2 + glz) - 'rn’zZ/'U2 ) THDM(+EWkino)
A =—3g° = —2mi, [v?,
As =X =M =0. "
‘. SM(+EWkino)
i) Evolve (RGESs) all seven lambdas from Ms to the weak scale. 1
SM
ili) CP-even Higgs mass matrix in terms of lambdas at the weak-scale: M,

— E—

L11 — )\16% -} 2/\6850,3 + /\58% )
m2 8% —SgCﬂ n vz Lll L12

A
—S3Cp C% L12 L22

5

L12 = (/\3 -+ )\4)8565 -1 )\GC% -+ )\78% )

L22 — )\28% + 2/\78363 + )\50% .



2. Assumptions: standard mass matrix
Comparison: hMSSM vs effective THDM with heavy SUSY at low tanf

Gabriel Lee and Carlos Wager (work in progress)
for the HXSWG
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2. Assumptions: standard mass matrix
Comparison: hMSSM vs effective THDM with heavy SUSY at low tanf

Gabriel Lee and Carlos Wager (work in progress)
for the HXSWG

_Aoilal, ma=250 GeV, tanB=2.5, y=M;=M;=250 GeV__
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2. Assumptions: dominance of main correction

Dominant correction to AM? due to top/stop sector and approximately:

2
xt_

A M3, x

3imyg M2
24,2 gin2 10g T2
2m4v<sin“ 3 mg

2
1\/IS

[ > AME, AME,

We have checked the approximation in two different configurations:

Include subleading terms in AM?
(Carena,Wagner,Haber,Hempfling...)

MMy, X=Xy, and varying L
with some choice of Mg, tanf3.

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

310 |

Mg = 3 TeV,tan3 = 2.5

2 Ma = 300 GeV Ms = 1.5 TeV, tang = 5
O Ms = 1 TeV, tang8 = 30
= 305
=
30— s
3 2 1 0 1 2 3
p [TeV]

Very good approximation (< few percent) for Vi, 0 for not too large .
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Scan of the MSSM parameters
with all Higgs rad. corrections

(we use Suspect with BDSZ RC)

and impact of Mg, A, W, Ay
Djouagli, Maiani, Moreau, Polosa,l J.Q, Riquer, arXiv: 1307.5205
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2. Assumptions: dominance of main correction

Comparing hMSSM and FeynHiggs
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Agreement at the level of 0.1% — 1% except for very low tanf



tan 3
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2. Assumptions: dominance of main correction

hMSSM vs FeynHiggs : charged Higgs mass
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In the h(MSSM
approximation the charged
Higgs mass sticks to its tree-
level value:

2 . 2 2
Mg+ = My + My



2. Assumptions: no direct corrections

Higgs couplings given by & and P: no large direct corrections

Higgs couplings to u,d and V: Higgs self—couplings: Hhh+hhh
g’ g<I>/ﬁu gq;&a gaVV Ahhh = 3C20S54q 1+ 3dc? /sg
Can/S Sq/C S35
o/t o/ P f-c )\Hhh — 352aSB+a — C20CB+a
Sa/Cs  Ca/Cs  Cpa 5

OK, but with one exception:

the A, <cutanfl/Mg correction to gppy, ¥
SHbb ~€Abb =1/(1 + Ap) important in one 25 .
case: pp—H/A —17 | MSSM Higgs fit
o(pp— P) = (1 + Ap)~> - i
BR(TT) OCFT/ (r‘r +rb) £ 5!
=>GXBROC1_Ab/5 ;
Need very large A,~100% 25 4 e
to have impact AM6 = 25% : /g
=> Not so bad! 1 -

155 200 250 350 500 750
1 M, (GeV)



3. Consequences
Combine ATLAS+CMS pp—H* —1Vv and pp—A/H—1t"

B0 ey O ey, . 43 e 107 s

ATLAS (s=8 rov.fL dt=195-2031M"
- MSSM m{(™ scenario, M_ __ = 1 TeV,hH/A—

tanf

10}

llssu-:'mb ll,.,,-nov

— e « Modian expected exciusion
) Obsorved exciusion 95% CL

Expected exclusion 2011
Observed exclusion 2011

ATLAS Preliminary

£ mpex {5=8 TeV

12003004005006007008009001000
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*From t—bH™ — b1V search:
M, <140 GeV is now excluded;

°*pp — TT sensitive at high tanp:
— weaker at low M 4 (no h events)

— stronger at high M 4 (no SUSY).

* low tanf} can now be considered.
(A excludes small part of low tan[})
—> forbidden area excluded!

m, [GeV] 80 100 110 120 130 140 150 160 % 100 110 120 130

D'ouadl Maiani, Polosa, J. Q Riquer arXiv: 1502.05653
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3. Consequences
Extend search for heavy SM Higgs for MSSM and consider new channels:

pp—H—ZZ ; pp—H—->WW ; pp

>H—hh ; pp—A—hZ
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Also consider pp — ® — t t
— crucial at low tanf3, high M 4
— very interesting features...

~ pp - A (norm.)
~—— pp - H (norm.)
— pp —~ H/A

— pp i

tanp =1

LIRS LARL IIHIHII]IIT]I]III]IIHITT

700

350 400 450 500 550 600 750 800

My (GeV)
challenging and nice analyses!
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tanp

Djouadi, Maiani, Polosa, J.Q, Riquer arXiv: 1502.05653
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tanp

Fully covering the MSSM Higgs sector at the LHC

10
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Djouadi, Maiani, Polosa, J.Q, Riquer arXiv: 1502.05653
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4. Covering the MSSM stop sector at the LHC
Matching between the MSSM and the dim6-EFT

(/)4/ Oce = g2 |H|* G, G*" On = 1(0,|H|?)®
r r 1 |Oww = g?|HPP W2, Wem Or = L(H'D,H)
N oM —I_ ! A2 Ops = " |H|" BuB" Or = |H|*|D.H|?
) Owp = 29¢' H'W©*HW?,B* | Op = |D*H|?
v T Ow = ig(H't*D*H)D*W, | O = |H|°
Op = ig'Yu(H'D*H)0" By | O2¢ = —1(D*G%,)*

3 2

O3¢ = 29:fCHGYGYP  |Oww = —L(D*WS)
aoc a v C 2

Osw = Sge™ W Wi W | Oap = —4(0“Byu)

h2 2 X2 h? 92c X2 .
coc = atris |(1+ 552) - %;g] CWB = (i34 Kl +i53e) - %;?J B. Henning, X. Lu and H. Murayama
_ h? i 1 9"%¢ 2 X? _ h? , x? arxXiv:1404.1058
Cww = Tn)? 16 (1— 6 h’f? )" 5 m? CW = [@m)? 10 m? . .
, - - e . : Wilson coefficients for degenerate
_ _hy a7 31 9 "c28 38 X _ _h 1 X .
CBB = (ix)? 144 [ 1+ J03 %7 ) - gm—‘{] B = {am)? 10 m? stop soft SUSY breaking masses
2 P 2, "4 2 2 2. 0.'2)e “ 1
3o = @ram| |ew = iy (1+%9—h£ﬁ+%%ﬂ)-%§g(l+ﬁ“—+ﬁ’zﬂ)+%%J A. Drozd, J. Ellis, J.Q. and T. You
= 9 1 s 2,52 2 2 ; appear soon...
cow = G| [op = oyt [ (14 122) —%’;‘3(1+§9—,‘§é)+ﬁ§§] pp , |
o = Byl ot o N3 . % Ry general expression of the Wilson
T (4m)% 20 — 1 197¢c23\" _ 3 1 (39749 “)ca 3 .
2 | |RT @oT2 _(1 MR ) 2m; (1 tuT o )'*' m#] coefficients : non-degenerate stop
Caw = (47)2 20 Cn = h? _1_X2
2 D = Tam)? 20 m? masses
C2B = Tam)? 20
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4. Covering the MSSM stop sector at the LHC

: m-~=m-=m-
1t Q3 tr t

tan3=20

m- [GeV]

200 500 1000 2000 5000
*EFT vs full MSSM calculation agrees well
(non-trivial check!)
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Xi/m-

oEFT calculation simplified by Covariant Derivative Expansion method
Henning, Lu & Murayama [arX1v:1412.1837]

eSystematic way of integrating out UV degrees of freedom 1in manifestly gauge-

invariant way

e Work 1n progress... .
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4. Covering the MSSM stop sector at the LHC

General case: non-degenerate stops

A. Drozd, J. Ellis, J.Q. and T. You
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eThe current sensitivity 1s already comparable to that of direct LHC searches
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eFuture FCC-ee measurements could be sensitive to stop masses above a TeV

4. Covering the MSSM stop sector at the LHC

General case: non-degenerate stops

A. Drozd, J. Ellis, J.Q. and T. You

FCC-ee
95% CL Bounds
m-~=m-=m-
Q3 = t
tanB=20
>
(D)
O
N
N
VI
Q <
Vi
| S
\\\
\\
\
m~ <0 GeV
t

20

2000————
MSSM

F— Cae
MSSM__

| — Cy

15007

500

Cc

EFT
Cce

7
/
/
/
/

EFT /
|4 /I

-

~.--" FCC-ee

\y -
- \,ﬁb"t\/,x" 95% CL Bounds]
] //9’/’ M™M=
125 __fanB=20
500 1000 1500
m; [GeV]

2000



If you “buy” these three basic assumptions:

* Conventional mass matrix for CP Higgses
* Dominance of leading radiative correction
* No impact of direct corrections to couplings

a very simple description of the MSSM space; easy to implement:
e again only two inputs, so no scan, no grid, no set of benchmarks...
* it allows the possibility to address “model-independently”,

* allows more action: plenty of channels to be investigated/interpreted.

Matching between EFT-MSSM

*The universal 1-loop EFT facilitates extending constraints to any UV model.
*The current sensitivity is already comparable to that of direct LHC searches.
eFuture FCC-ee measurements could be sensitive to stop masses above a TeV.
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- Leading top/stop sector radiative correction:

(difficult to have tan[3 < 4; talk by Luciano at CERN, 15 May 2013)
m3 m -
AM22 — 3 L [1Xt + es | 16 2 (g_t — 327(-048) (ths -} gg)]

272 v2sd
ls = log(Mg/m{), x; = Xt/MS>Xt = 2x¢ (1 — x{/12)

Including subleading radiative corrections involving /. and sbottoms:
(used to have the “blue line” with tan3=2.5 mentioned by Carlos)

AMll — v23821nz B2 [Xf)\‘l(l - Clles) -+ a§/\4 (1 -+ C12€S):|

AM12 — vzsszlnz ﬂ'u [xt)\f(G—xtat) (1+C31£s) — ab)\b(1+032€s)]
2 5in2
AM22 — v32 2'8 [ )\355(2 + C21€S) + xtat)\f(IZ — xtat)(l + C21£
_4)\;1)(1 -+ C22£S)]

with z = /Mg, ayp, = At p/Ms and for two loops factors c;;.
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From P. Slavich

Does the full calculation show significant deviations from (2,2) dominance?

In other words: are there significant corrections to any lambdas other than A2 ?

Threshold corrections
from squark loops
mess things up:

| 2 N. Az u‘l

6+ )+ o (W3 (- )~ Y pags)

i (4m)*\"™" M3 12M5 Cheng et al.,

1(92 +g,2) N 2 N. (ydA—'z(l A? )y u ) (1411.7329)

4 (4m)2 \** M2 12M32%7 P 12M%

g gy 2 (e o B IRAR | B A
l 2 Nc A u'z 2A2 2 ZA

29+ (47r)2( vy y‘d(4Ms 12M‘) Ty b(4‘1:45 12 Mb )

2 Ne [LZAZ /12A§
~(an)? (y“ 12M3 Vi 12M% ) ’

2Nc (A, Ab 1 Az L WA Az also Hab:r-‘Hempfling

2 Nc‘ (y“”At 1 + - AZ ) y4 ﬂ;Ab)

(4m)2\"t M2\ 2 " 12M3%7 T TP12ME)’

NOTE: stop corrections relevant only when u, At = Ms

Then the RG evolution mixes the lambdas
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From P. Slavich

More comparisons: zero-mixing points from Sven’s “low-tb-high”

my=Ms;=17TeV, X; =0, My=2M; =2TeV, p=15TeV, tanf=9

¢

FeynHiggs: mnh= 127.03, mn= 177.95, alpha=-0.2938
| Lee-Wagner: ' 15718, mu= 177.84, alpha=-0.2902
ma =175 GeV (y¢ NLO) h= 18, H= .84, pha = -0.

hMSSM:

" (my from FH) mp= 127.03, my= 177.87, alpha=-0.2920

FeynHiggs: mnp= 124.88, my= 155.31, alpha=-0.4673

Lee-Wagner:

ma= 150 GeV ¢ mp= 12471, my= 153.96, alpha=-0.4776
(Yt NLO)
hMSSM:

" (mn from FH) mnp= 124.88, my= 155.00, alpha =-0.4656
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However...

* For tanB =1, Sven obtains mn =125 GeV with Ms = 2x105 GeV (suspiciously low)

* The resummation procedure in FH does not account for low y, M1,2 and ma

The resummed logs (computed in the decoupling limit and divided by sin32)
are crammed in the (2,2) element of the mass matrix:

M? = =+

2 A%ﬁ A%S 0 —ANLL L Ares

mych +misy  —sgeg(my +mi) A% A% 0 0
+
—S83Cg3 (m2Z -+ mzA) mzsg 4 mic%

Is this a valid approximation at low (ma, tan3) ?

NOTE: the hMSSM relies on a more extreme version of this approximation

mych +mishy  —sgcg(my +m?) 0 0
MEI\JSSI\'I — +
—sgeg(my +m%)  mysh +mics 0 A

(then one trades A for ms and obtains my and « )
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EWPTs constraints on dim-6
operators

» x? fit of theory predictions with experimental measurements

X*(Psmspa) = Y _(OF" = OFP)(0*) 1 (O = OFP) . (0%)ij = AOTPp;; A0
¥

» Marginalized constraints on a complete non-redundant basis of
dim-6 operators affecting EWPTs

. LEP Constraints
Opecatos Cosliscient Individual Marginalized

Ow =% (H'o*D"H) D'W,
Op=% (H*B"H) & B,,

"SE (cw + cp) | (—0.00055,0.0005) | (~0.0033,0.0018)

Or =1 (H'B,,HY Ser (0,0.001) (~0.0043, 0.0033)

o = (L1o™y*Ly) (Lio™y,L1) g (0.0.001) (—0.0013,0.00075)

Of = (iH'D,H)(épy"er) 5 (—=0.0015,0.0005) | (=0.0018, 0.00025)
Oy = (iH' D, H)(iigy"ug) B (—0.0035,0.005) | (—0.011,0.011)
O = (iH' D, H)(dp~"dg) 2 (~0.0075,0.0035) | (—0.042,0.0044)

0¥ = (iH'0"D,H)(Quo*v*Qr) | Gc™ | (~0.0005,0.001) | (~0.0044,0.0044)

,cl

(—=0.0015,0.003) | (—0.0019,0.0069)

"
iy
b

01 = (iH'D,H)(Qur"Qy)
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SAUSAGE S

"What ) Not even one of you wonts 1o see how
they re made?"

expansion f
[arXiv:1406.
ph]




