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@ SUSY electroweak(ino) production
@ Charginos/Neutralinos in the light of the Higgs boson
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Observation of the Higgs boson at the LHC

Observation of the Higgs-like boson at the LHC ushers in a new era in particle phys
ATLAS (hep-ex: 1207.7214) and CMS (hep-ex: 1207.7235)
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What does ~125 GeV Higgs indicate?

p-value: probability that background fluctuates to give an excess as large as the (average) signal size expected for a SM Higgs.
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Higgs mass corrections

Using SM as effective theory: Rl .
f T . W,Z H
H! | pecE
___IET__ __‘rjr _________ . _‘-+:i __________ *r '.*_ _____
- hep-ph/0003170  ~--~
Corrections to the Higgs mass 52 3G r (4m2 o2 2 o ) A2
at one loop level. B gom2 VT W 4. H
600
Trivialit
Either new physics appears at a 0L
scale A or there has to be a very g 400 +
delicate cancellation 2 Electroweak
€ 300 -
S300; e
2
T

200 F
L |
/ 1o

-—

Amount of fine-tuning 100

Vacuum Stability

A (TeV)

Nov. 5™ 2012 “LPC Topic of the Week, FNAL, Chicago” 4 Sanjay Padhi



Fine tuning analogy

Giudice (arXiv:0801.2562)::

“The necessary accuracy needed to
reproduce G_/G, is equal to the

accuracy needed to balance a pencil
as long as the solar system on a tip
a millimeter wide.”

Is the Higgs mass protected by
some symmetry?
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First SUSY search

First paper (to my knowledge) to explicitly search for SUSY: MARK-J at DESY

VorLume 45, NUMBER 24 PHYSICAL REVIEW LETTERS 15 DECEMBER 1980

Experimental Study of Heavy Charged Leptons and Search for Scalar Partners
of Muons at PETRA (12 GeV=E__ =< 36.7 GeV)

Data from the MARK-J detector on the reactions e¢*e¢”™ = p"u”, 777" in the center-of-
mass energy range from 12 to 36.7 GeV are presented. The u, T radii are shown to be
<10"'* em. A search has been made for the production of a new heavy lepton and for
the production of spin-0 supersymmetric partners of the muon, 95%-confidence-level
lower limits of 16 GeV for the mass of a new charged heavy lepton and 15 GeV for the
mass of the scalar partners of the muon are obtained.
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Naturalness in Supersymmetry

arXiv:1203.5539

lf'.fjr? _ (miﬂi +Xaq) - (mir + Yu) tan? 3
27 (tan? 8 — 1)

N

“Tuned” due to the Higgs mass - Colored sector SUSY weak sector

- Individual terms on right side should be comparable in magnitude
- “Large” cancellations are “unnatural”

- |u| can be a measure of naturalness / Stop mass

o 2
> - arises from radiative correction —» 31~ 5“&2 x 111(?’”?2 /Q%) — 1)
167 i

For, ¥~ 1/2M7 — m; ~ 500 GeV

Assuming p ~ 150 (200) GeV - Mass(stop) ~ 1 (1.5) TeV
Other heavier Higgs can easily be in the TeV mass range and is perfectly natural:

m? ~ 2u* + mi;u + mi:d + 2oy + 24
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Naturalness in Supersymmetry

. R. Barbieri
The key equations: SR
2
m
o —|uf? i +
2
3y; 2
2 +. + A7) log M /m;
D 805
om; ~ ——m; 2log M /m;

3

to be made more precise in any given SB-mediation scheme

see Dimopoulos, Giudice for SUGRA-mediation
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Naturalness in Supersymmetry

a2 = (m%, + Xq) — (mp, + Ly) tan® 3
27 (tan? 8 — 1)
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Naturalness in Supersymmetry

Re-examine naturalness based on recent experimental results:
- Inclusive SUSY searches
- Search for SUSY third generation particle production

- Search for SUSY weak production
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Inclusive SUSY Searches
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SUSY Search strategy

O-leptons | 1-lepton OSDL SSDL |23 leptons | 2-photons | y+lepton
Jets + MET Single Opposite- Same-sign | Multi-lepton | Di-photon + Photon +
lepton + sign di- di-lepton + jet+ MET lepton +
Jets + MET |lepton + jets | jets + MET MET
+ MET

Searches are defined (explore MET +X signatures):

@ Categorized by the number of leptons in final state

@ Generic missing energy signatures

@ Many include jet requirements to be sensitive to strong production

@ Direct stop/sbottom production using btag jets

@ Direct electroweak production - Sensitive to leptonic final state
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SUSY sparticle production at the LHC
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Largest cross sections are due to colored sources (squarks and gluinos)
- decouple them to study them individually

Stops and sbottoms have similar cross section, except at low sbottom masses
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Inclusive SUSY searches

Landscape today - CMS Study

CMS Preliminary L _ =4.98fb",Ns=7 TeV
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Impressive variety of inclusive SUSY searches - model dependent
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Inclusive SUSY searches ‘

Landscape today - ATLAS study ATLAS-CONF-2012-109
MSUGRA/CMSSM: tanp = 10, A = 0, u>0
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Impressive variety of inclusive SUSY searches - model dependent
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Inclusive SUSY searches

Landscape today - ATLAS study ATLAS-CONF-2012-109
Squark-gluino-neutralino mode(, m(%?) =0 GeV
;‘2800 B I I I l | | JJ l I: I I WI | I I I I | I I | l I I I _
R = S ATLAS Preliminary -
= 2600 — g —
i - .
g 2400 (R I Ldt=581b", s=8 TeV =
X [ . ]
§ 2200 — Sttty O-lepton combined —
D- — s . ) —
) 2000 :_ A\ ‘ — Observed limit (+1 Gf;gf;) _:
B E - - Expected limit (+15,,,) =
1800 [— \ —
- ! Observed limit (4.7 fb™', 7 TeV) .
1600 £ """"- s -
1400 [— T, o
1200 — —
1000 — —
800 : | 1 l l 1 l 1 1 | I | 1 l | l | I l l 1 | 1 | 1 1 l I 1 1 | :
800 1000 1200 1400 1600 1800 2000 2200 2400

gluino mass [GeV]

Impressive variety of inclusive SUSY searches - model dependent
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Inclusive search for squark and gluinos
ATLAS results (CMS similar)

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)
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Both ATLAS and CMS experiments have excluded SUSY colored production
up to the TeV scale (with assumptions, not including direct stop/sbottom productions)
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Search for SUSY third generation particle production
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Third generation - stop searches

Direct stop production: ¢ — txl, bx

n production: T, b+, T W' ’+i°mnt1 m, <200 GeV) [ —-uz (BR=1, m, > 200 GeV)
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Impressive r-esults from both collaborations

Bounds up to stop mass of ~500 GeV
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Third generation - stop searches | —

Direct stop production: t— tXl CMS-SUS-11-022-003
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alpha T based study with b-jets in the final state
For LSP mass = 50 GeV, Excluded stop mass between: 350 - 475 GeV
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Third generation - sbottom searches

Sbhottom production: b —> b)ch); tx .
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ATLAS hadronic btag jet (ATLAS-CONF-2012-106) searches provides
upper bound of ~500 GeV (LSP ~50 GeV)

CMS Same sign dileptons with btag (SUS-12-017)~ 410 GeV
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Third generation searches

Shottom production: p —s %]
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CMS hadronic studies exclude masses up to ~ 550 GeV (LSP = 50 GeV)
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Third generation squark productions via gluinos
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Impressive summary results - excludes gluino mass ~ 1.1 TeV (LSP mass ~ 50 GeV)

Same sign dilepton study probes into the “compressed” area
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http://cdsweb.cern.ch/record/1472672

Third generation squark productions via gluinos

95% exclusion limits forg — t t iﬂ; m(q)>>m(Qg)
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Impressive summary results - excludes gluino mass ~ 1.1 TeV (LSP mass ~ 50 GeV)
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Summary on SUSY Colored sector

Impressive search results (with assumptions) from both ATLAS and CMS Collab.
- For large 1°* & 2™ generation squark masses, gluinos ~ 1.1 TeV excluded
- For large gluino mass, 1* and 2™ generation squarks ~ 1.5 TeV excluded
- With LSP mass ~ 50 GeV and decoupled gluinos
- Direct stop production leads to mass limit ~ 500 GeV (ATLAS)
- Direct stop production leads to mass limit ~ 350 - 475 GeV (CMS)
- Direct sbottom production leads to mass limit ~ 550 GeV (CMS)

- Gluino production with third generation squarks ~ 1.1 TeV excluded

All of the above satisfies the naturalness conditions in SUSY
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Searches for SUSY weak production
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Experimental constraints from LEP

Chargino ( xf;i=1,2 and Neutralino ( x7;¢ =1 — 4) productions at LEP:

efe” = xTx™ - WHWxix}

+ — ~0.~0 47— ~0~0
e e — XaX1 —~ XX

Neutralino pairs via s-channel Z or t-channel with slepton exchange

Using mSUGRA or CMSSM framework

with LEP Combined Results

)

(o]

(assuming mixing in stau sector is small)
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=
|

), (GeVl/c

LSP m low 47 V is excl
However several assumptions are involved:

- mSUGRA / CMSSM
- gaugino mass unification
- tanf < 3.3 limits at large M (+higgs, chargino)

/
Lh
[§]

Lh
o

48

46 -

(MO - common sfermion mass at GUT)

- tanf > 3.3 the limit is using small M

~!— Higgs {

Excluded at 95% C.L.

<—Higgs
Sleptons

(chargino -sneutrino degeneracy)

m, < 1 TeV/c>

m,,, = 178 GeV/c®

M, = 173 GeVic™)

(large m,)

in the corridor

1

No mass limit in general outside these assumptions

5 10 tanf
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Experimental constraints fromm

Charginos via: s-channel y/Z or t-channel with sneutrino exchange

canonical case degenerate case Unification of gaugino masses

at GUT scale is assumed.
- M1 = (5/3)tan” 2(theta W) M2
~ 0.5 M2

Canonical case:

- With M(sneutrino) > 300 GeV

Degenerate case:

- M1 and M2 nearly degenerate

mx1* > 103.5 GeV myit > 91.9 /92.4 ) -
for Hae: 5 300 BV iy Large MO (m(snu) ~500 GeV )
LEPSUSYWG/01-03.1 LEPSUSYWG/02-04.1
In general Charginos up to ~ 100 GeV in mass are excluded by the LEP experiments
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Experimental constraints from Tevatron

DO Collaboration: PP — X1 X9 DO Collab. Phys. Lett. B680, 34 (2009)

Eﬂn?tl"" ) PR FE N IS SEE U MU S L
o] . a | . D@, 2.3 fb’ .
Three leptons + MET signature E i % M(ﬁ}r—vhﬂﬁg}:zhﬂ{i?}; M“)}M(ﬂ} ]
-e, u, and T E - %\ tanf=3, u>0, no slepton mixing -
w 02~ — Observed Limit
4 Channels (eel, uul, eutl, utl) < M0\ Expected Limit
+|’ -
Dominant bkg: WZ, ZZ in MET tails % [

Within the context of MSUGRA 01\

ASSU_mII’lg: |:\‘~..~_-_ e farge_. ............
M ~+ ~ TNco v 2m~0 - Mm"“""""“--Hr-----.-.Tﬂ_...._,,,,__ '
X1 X2 X1 N T A
100 110 120 130 140 150 160
- and neglecting the slepton mixing Chargino Mass (GeV)

- sleptons and sneutrinos heavier than lightest charginos and next lightest neutralino
In the limit of heavy sleptons (large mO scenario):

- the slepton mass is just above mass of X5 leptonic BR is maximized (31 max case)

Chargino mass < 138 GeV is excluded by this study
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Experimental constraints from Tevatron

CDF Collaboration: pp — )21i92(2)

CDF Note: 10636

CDF Flun Il Prellmmary (L 5.8 fb )

Three leptons + MET signature o 12 -
2 | : : : | mSUGHA charglno neutrallno
Several SRs in the plane - MET & M F; AN I T mﬁ;_&u_ﬁgm_ __ta_rﬁ__?_:‘_,____ﬂ_-,__wiu?ﬂ___
+ = B : E : :
152 - P %
Modes: 9 B E Obsewed 95/ CL lelt
E 03? Expected 95% CL lelt
-eel, wul;1=e, u, t (or single track) % o | ; ; ; DExpected 95% CL Limit + 1o
© 0.6 B N S e o BExpected 95%CL L+m|t--+--20 -----
- Expanded the acceptance & also include [ % N | -No msueFtA |
low p. leptons ~ 5 GeV threshold. - E
Major backgrounds: B RN | I |
1 _IIIIIIIIIiIIIIiIIII;Ilillllilllilllllllll
-WZ, 72, dileptons + fakes %700 T 120 130 140 150 160 170 180

Within the context of MSUGRA

Exclude at 95% CL o (X %9)

Chargino Mass (GeV/c?)

x BR(lll) above 0.1 fb

Chargino mass below 168 GeV is excluded by this study
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Direct electroweak production at the LHC

Dominant modes 5(8 )Z;r

dilepton or trilepton + MET trilepton + MET
CMS 1209.6620 ATLAS 1208.3144
_ _ -1
_CMS E -— 7 TEVII]I Il-i,“t 'I—: 'j‘-lg'al fb 1 03'— ; 500 T T T 1 | T T 1 LENLELEL! -
= 700F T T L | e = . ——— Observed limit (=1055")
5 E ....... Comb. observed (=1o™™) I %ESG L |- Expected limit (=10,,)
= OOE T Com:median expectes ol £ Jra=azmw A  SUSY ref. poim 1
é - - - TFllBﬂlﬂl'l{MT]ﬂhSENHd é \..I§=‘.-'Te‘u’ ATLAS 2.06 b1 3 leptons
::____ :‘5‘*'“”“' 1025| 350 iy, = (my+ my) P LEP2 % (103.5 GeV)
- PP %, %, ] 300 My = My e . =
~5° .77 (BF=0.5) o LI =lvUEITHEY) S
- % 250 e v 7 v v %,
— 200 & TN 3
C P e .‘5 E
__ 10 180 ' .--::2"")I I'J _:
- 100 \ 3
[ by d -
- 50 / —
1 | I I I | | 111 L1 11 | L1 1 i -] 11 I 11 1 I | ]__
PGG 200 300 400 500 600 700 % 100 200 300 400 500 600 700

Mo =m. [GeV] m_. [GeV]

m. =0.5m_. + 0.5m._.
i) i a

60 GeV < my1: < 500 GeV

Limits are weaker for - heavy slepton L

-X~(2)X~I_L being Higgsinos
Lepton rich final state to enhance reach
- small mass difference
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Direct electroweak production at thm

Dominant modes 5(8 )ZIL

trilepton + MET Much weaker limits! ' dilepton/trilepton + MET

=250 T CMS (s=7TeV,L  =4.98fb"
@ s Observed limit [i-lﬂlsl':g:] Sl | LI B R L S B Y B B B |rr|t LI B 1{}4 —
O | oo Expected limit (1a,,.) D SO0 Combined observed 2 =
Oai - theary .
£ - Y  SUSY ref. paint 2 S, - e cantingd olastegd pelo ] q %
LEP? 7 {103.5 Ge 5 20 nunn Combined median expected ] %
= TS i é N w Combined expected (=1a) ] o
] = o - -
150 — 2 —J
i (Gre—%7 —wzeer™ ) 10 9
i 150 — o
. - (=]
100 — N
: 1{]'{}_— !
. 1| o i
U, 1l | | I | | | | | 1{]{}
0 250
m.. [GeV]
ATLAS 1208.3144 CMS 1209.6620

Excludes ~ 200 GeV for LSP mass of 50 GeV 100% BR - Usually not realized
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Direct electroweak production

The remaining dominant contribution in EWKino (light Wino) sector is from: )2+)~<

I think none of the LHC experiments have bounds in this mode
- Re-interpretation/exclusion by M. Lisanti & N. Weiner (arXiv:1112.483)
- Use H » WW (and H — ZZ) results from ATLAS and CMS

250
1.7 fb!

- Simplified topology

N . 200
Dashed and solid lines indicate
- 1 and 20 sensitivit >
y S 150
The sensitivity is defined as: S e
2o 100~ 7
T 2 2 = i
j\sigrml > 2 % \/B:-;tat + Bﬂf% .
50

Charginos are most likely above ~200 GeV

1 (I)() 150 200 250

based on this study
C| Mass (GeV)

Sanjay Padhi
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Charginos and Neutralinos in the light of the Higgs boson

In collaboration with T. Han (Pittsburg) and S. Su (Arizona)
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Natural SUSY Charginos/Neutralinos
Assuming Higgs connection
- Natural SUSY - Light gauginos and Higgsinos
Colored superparticles might be heavy (See previous slides)
- Electroweak sector + stops/sbottoms might be the only accessible particles

- no indication from current LHC searches, msq, m_ . > 1 TeV

gluino

Connection to lepton collider

In MSSM .

@ Gauginos and Higgsinos
- Neutral ones: Bino, Wino, H.O ,Hu
- charged ones: Winos, Hu*, Hq —)l ® Neutralinos and charginos

@ Parameters: M1, M2, p, tanp
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Natural SUSY Charginos/Neutralinos

lﬂ,jri _ (m%fd +Xa) - (Tﬂi; + Eu)taﬂz e
- - (tan? 8 — 1)

Assume LSP based on SUSY breaking mass parameters M1, M2 and p

- Decouple the SUSY colored sector

There can be three cases:

a) Bino LSP (M1 < M2, p)

b) Wino LSP (M2 < M1, p)

c) Higgsino LSP (u < M1, M2)
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Masses: Bino LSP

Case Al: Case All:
Mi<M2<p Mi<p<M:
u=1TeV M2 =1TeV
500 500 . . .
450f 450} pr
400r 400+ :
350} 350t
=
ﬁ 300 E 300+ |
~ 2507 T<250F o 4
= 200 & o il
i 0 > .
<0 ‘,ﬁ? 0 _=
150t 0 ol A Ao %4 5
% = &y
100} 00L°
00 200 ., 900, 400 00 200 300 400 500
(GeV) GeV
large mixing, natural
compressed spectrum
Case Al M, < p,  x7,x) are Wino — like; yi. ;ﬂ 4 are Higgino — like:
Case AIl: p< My, xi,x5, are Higgino — like, x5, x| are Wino — like.
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Masses: Wino LSP

Case BI: Case BIl:
M2<M1<p Mz":p":M1

u=1TeV M1 =1 TeV

With wino LSP:

Case BI: M; < p, 3 Bino — like; y5, yi, Higgsino — like;

Case BII: p < My, 3. X35 Higgsino — like; v} Bino — like.
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Masses: Higgsino LSP

Case CI: Case CIl:
H{M1{M2 P<M2<M1

M2 =1TeV M1 =1TeV

With higgsino LSP:
Case CI: M, < M,, % Bino — like: vi, v Wino — like;

Case CII: My < My, xi. x5 Wino — like; x| Bino — like.
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Productions of SUSY weak sector

q X; 4 q X

Dominant production:

+.— £.0
- Wino pair production: X; Xj » Xi Xj

- Higgsino pair production: X;L Xj_> X;t X?a X(z')X?
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Productions of Bino LSP, Wino NLSP

Case Al: M1 <M2<p
10

tanfi =10, p =1 TeV, M1 = 100 GeV, LHC 13TeV

o (pb)

Dominant contributions are from: pp — >~<1i ng X1 XL X
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T
Decays with Bino LSP, Wino NLSP

()(1* decay 100% via on/off-shell W )

xg decay: M <M, <u

10° |

® below h threshold, decay via on/ & 107
of f-shell Z o |
@ X2° on-shell decay to h dominate
over on-shell Z for u >0

@ X2°decay to h and Z flipped for p <0

ﬁ 10_2 L i L
100 200 300 400 500

Dominant contributions are from:
pp = X1 0X, X Xsxg — WXL, xs = (R/2)X]
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Productions of Bino LSP, Higgsino NLSP

E- 10 g e
ol - tanp = 10, M2 = 1 TeV, M1 = 100 GeV, LHC 13TeV Ao %,
= h
D I 1‘-., = ;’;'f.l ;ﬂn
1F A | Case All: M1 < p < M; e
- ' — o
= B AR 20 29
N —% X
4 o, . g
e p—
-1 \ o b —:ft
107 F \ X — 7 %
. o —0 s
i, T S %, - n _}r :':
) =~ X1~ X3 P
-"""'1. —3'1 :I.t
107 + 0 RIS
S, "ﬁa.—ﬂ;ﬂ__ X1 XE m}:‘ }r_l
: N . Ty ¥ o
[ .': N -'.""- 0 ﬂ" E‘::l:» :E'+}r3-
1{]-3 : :‘-" . .H.--.h_‘_*.‘.‘ xz xa -1"‘._1‘-.----'1:?1?'%:__\-1_:?:—:_{- :':2
10 g )
l.--..r..t. CR— i —_ -h-:-.::"':l-- 2

o 800 900 1000
u (GeV)
For details on other LSP (M2, u)

— See the upcoming paper

-5 5 PR s R EE R . AR e (K
100 200 300 400 500 600 700
PP — X9 X, Xi x1 X, XX, xoxa X

X — WX x5 = (h/2)x3,x8 — (Z/h)x)
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SUSY weak productions

Final states that can be explored:
WWWZWh,Zh,ZZ,hh
- BR(WZ) < 100% in most cases, sometimes highly suppressed
- Wh complementary to WZ channel : a new discovery mode

- Zh/hh could also be explored.

Experimentally challenging depending on “compression” between the mass states:
(e.g: Also the depends on the choice of the LSP)

- If the mass difference is in MeV: x8 — X(l) or X1i — X?
- Expect “appearing tracks” within few cms if the associated particle is neutral
- Expect highly ionizing tracks (dE/dx) associated with charged particle

- If the mass difference is in GeV — prompt decays
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SUSY weak productions

In terms of searches:

1. If both parents are un-compressed:

- Standard analysis, trigger on any or both of the visible decay products
2. If one of the parents is compressed e.g: Xoxi; M (xT) =~ M(x?)

- Use trigger based on one visible decay product
3. If both parents are compressed

-e.g: xT (= Wxdxi (= WxD)i; M) = M(x3)

- Use mono-jet kind of analysis with trigger on ISR jets (Parked data?)
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Possible future LHC searches with Higgs in the final state

® Wh channel: 1l+jets + MET
 |solated e(u), Pt > 30(20) GeV, |eta| < 2.5
+ \Veto any additional e/p with Pt> 10 GeV, |eta| < 2.5
+ Veto any Taus or isolated Tracks
« 2JetsPt>30 GeV, |etal < 2.5
+ Veto 3rd Jet with Pt > 20 GeV
« 2 bjets with Pt > 30 GeV, |eta| < 2.5
« 2 Dbjets in one hemi-sphere <=
* [nvariant mass of two bjets 100 < Mss (GeV) < 140
« MT (MET and the Higgs) > 200 GeV
« MET >50 GeV

Signal regions:

10 fb-1 (MT, MET) > (200, 50), (600, 50), (200, 100), (600,100) GeV

Processes  MET > 50, MT > MET > 50, MET >50,400 MET=>50, MET>100, MET>100,200 MET>100,400 MET > 100,
200 (Baseline) 200« MT <400 <MT <600 MT>600 MT >200 <MT <400 < MT <600 MT > 600
Total bg 46.15 ¢ 12.01 4327T+1196 240%1.02 048+ 048 3363+ 30.75+ 10.83 2.40 +1.02 049+0.48
10.69
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Possible LHC searches with Higgs in the final state

Arb. units

o
N
81

I|__[_L_llII|[I]]|II[I|]III|TT]I

0.2

——3 Signal region

0.15

0.1

0.05

1
llllllllllllllllllllllllII L1 1

200 300 400 500 600 700 800 _ 900 _ 100C
M; (MET,h ) (GeV)

@ Higgs Transverse Mass (Event simulation using Delphes)

@ Background dominated by ttbar events
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Possible LHC searches with Higgs in the W

Wh: 1l+jets + MET| 95% C.L. upper limit on signal cross section

450 | o x BR (2 = W* hy x® 1% pb
LHC =8 TeV, Lumi = 30 fb™
400 - signal region: MET > 50 GeV, M_(h, MET) > 200 Ge

M(x°) GeV

250

200

150

100

With background only hypothesis, one can be sensitive to ~ 200 GeV in mass
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Summary and Conclusion

Naturalness in SUSY can be valuable guiding principle for current/future searches
SUSY results from ATLAS and CMS show the breath of physics analyses
SUSY searches from the LHC

- constraints both squarks and gluinos up to TeV scale (with assumptions)

- the direct stop/sbottom limits up to ~500 GeV in mass

- the constraints on direct electroweak productions are soft.
Discovery of Higgs is just a starting point to move into a new territory
Search for new physics with Higgs in the final state

- Can be the next discovery mode ...

Studies towards naturally compressed spectra

— Essential for next phase of LHC studies
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Re-Discovery of the Standard Model

Original
discovery

1964

|
2006 Dec Jan
2009 2010

“Hedis.cuuéry"
in CMS (dates
approximate)




Standard Model Measurements

ATLAS similarly have measured various SM processes

CM

[Pb]

_ e CMS 95%CL limit

Z : : 0 CMS measurement (stat®syst)

=1] \ : —— theory prediction

e
ﬂli.il'l

2

2

| H{127)
H I 1

—k
-

q,
1
I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII

E;” =30 GeV | Ef=10GeV |

Lo 0N

In™ <24 | ARy ) >07 | E : |

Production Cross Section, o,
2,
i v ey 1 reeeey v vy v reeey iy v reee
| | | | | |
A
S

10° 36 pb” - 36pbT 1.1 o |47 b

JHEP1O2011 132 PLETO 20111535 CMS-PAS-EWK-11010  CMS-PAS-HIG-11-025
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Tanbeta dependency

© decay occur via mixing through Higgsino
®© M2 >> M, X2°— x1°Zdominated by the decay via Z, (goldstone mode G°)
® h, G° as mixture of H.,° and H4°

%, decay: M, =100 GeV, M,=500 GeV

My\*
[(xz2 = x1h) o (zsz_ﬁ + f) (M + My)* = mi]
0 0 M, : 2 2
['(x; — x1Z) Cg_ﬁﬁ—;: [(fvfg — My)* — mz] :
—

large tan B ,[(M, + M,)? — mi] / [(My — M;)? — mj]

small tanB, Z channel relatively suppressed

20 30 40 50
tanbeta




Case A-II with Bino LSP T —

Case AII: Bino LSP-Higgsine NLSP

X® — '
e
X2° Xt ()(1* decay 100% via on/off-shell W )
0 0
x1" h 1(1 " 10 WE
" %, decay: M <u <M, i xg decay: M <u <M,
10 10
%
X Z

switching of x2°and x3:%states |

-2 . : :
100 200 300 400 500
u (Gev)

10




® Neutralinos

M
M:

|M|
|M|

Bino
Wino
Higgsino
Higgsino

M,
0
—CgsSwimnz
SgSWwiInz

X1
X2
X3
X4

Neutralinos

ﬂ!’ﬂ — (‘é-.v Lirﬂvﬂgvﬂg)

0
My
CagCwinz
—SpgCw iz

—CIQSWTTIZ
CaCwimnz

0
—H

SﬁSWmZ
—SpCwmz




Charginos

@ Charginos Y* = (W+ Hf W=, Hy)

" XTX M. 255m
Mg = PE TP With Xpwo = 2 V3o
Xoxo Ooyxo \/ﬁcﬂmw H

Mz Wino X7 O(57) W
lu| Higgsino X3 0(_1 1 H




B
Higgs production and decay at the LHC

T T T T T T _g
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: e 7
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100 200 300 400 500 1000 AVAVAVAVAVAW
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Discovery of Higgs boson at the LHC
ATLAS (hep-ex: 1207.7214) and CMS (hep-ex: 1207.7235) Higgs — yyresults

' CMS E=7TeV, L=511"{s=8TeV, L=53 o'
Q
ERl (Pa\\V4 | Tio
F 10/ \ .
2 E ___d---"' 2c
IDEE_‘ ‘‘‘‘‘‘‘‘‘‘ \\#
5 - 3o
10° v
= — Observed
(5=7TeV: [Ldt = 4.8 1b" WL \ / == == Exp. for Shi Higgs Boson
10 E 7 TaV Cosamvead
109 (s=8TeVv: |Ldt=5.91b" = y |4o
.......................................................... - 8 TeV Observed
1o’ 105 e 20 i 130 135 140 145 150
- my; (GeW)
1s CMS (s=7TeV,L=51fb"'Vs=8TeV,L=5.31b"
p-value: probability that background > RAREN L R — ]
- 3
fluctuates to give an excess as large < - y
as the (average) signal size expected — 1500 2
for a SM Higgs. 3 i
1000

ATLAS: Observed a peak at 126.5 GeV
Local signif.: 4.50 (obs), 2.40 (expected)
CMS: Observed a peak at 125.3 GeV
Local signif.: 4.10 (obs), 2.80 (expected)

¢ Data
—— S+B Fit
------ B Fit Component
I ES T
20

S/(S+B) Weighted
i
o
o

o

790120 130 140 150
Must be a spin 0 or 2 boson m,, (GeV)




Compatibility with SM Higgs boson

IAT.L'AS| 2{::11| - 20'12

W.ZH — bb
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Results are self consistent within errors .. so far
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Discovery of Higgs boson at the LHC

ATLAS (hep-ex: 1207.7214) and CMS (hep-ex: 1207.7235) Higgs —» ZZ results

CMS fis=7TeVL=51f" fs=BTeVL=531"
::I_ B T r T T | 1 I 1 1 | :} [T | T T T | T T T | |I : I|I ! I|I : IlI ! I|I : Il 4_
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E25_—-Backgmundz.?_* Hoz7" 4 - ot - Iz o 5E ]
£ r B Background Z+jets, i 1 << 1afF[Ozy. 2z —af ]
@ - Signal —125 GeV - 2 - my=125 GeV T af .
20 Lo (mmizs Gen) 1 2™ iy E
[ B8 Syst.Unc. _ o F WEE | | B
- . 1 @ 10F 1 : _ 111 -
1565 =7 TEU:J-LC“ =4.8fb - - o 120 140 160 .
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C s =8 Tev:/Ldt = 5.8 i’ . - ]
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5 2
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ATLAS: Observed a peak at 125 GeV
Local signif.: 3.60 (obs), 2.70 (expected)
CMS: Observed a peak at 125.5 GeV

L {s=7Tev: [Lat=48 1"
Local signif.: 3.20 (obs), 3.80 (expected) ‘B {5=8TeV: [Ldt =58 fb"




Impact of Higgs discovery on new pk?ysicsﬂ

Consider Higgs to be 123 < M, (GeV) < 127 s "2" M cos’23 ¢ T;z [ gM§ N f»é (1_%)]

The consequences of this in pMSSM (19 parameters)

A. Arbey, M. Battaglia, A. Djouadi, F.M,, J. Quev1llon Phys Lett. B708 (2012) 162
b RS RS AR RS BRI E D ABEE DA 5

mm,:mm “' ﬂ' E’I{L
- ‘- I
f .‘.. ."?I

M, (GeV)

E e
X g
4

|lJL[|||JJJIj.I.
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&
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ot

'I'|'1'1T'|'I'|T'|'TT'|"r1'Tr[rrT[T1r'|"IT1'|111"|"|'

2 =
4 . 3 3
LR ll.‘l -
Py '-.llq'm i . m* 4 t a® 1
tanfi<5 \ ‘:FF. I‘I 5 .
£ " Iﬂlﬁ{f: . oy Mf-" =
| | o | 5 E .M' : i -

L] S00 1000 1500 2000 23500

..%

A large part of the pMSSM still survives
No mixing cases (Xt ~ 0) is excluded for MS <1TeV

- Even at M ¢ < 3 TeV, chances are narrow

Small stop masses are still allowed




Impact of Higgs discovery on new physics

In the maximal mixing case (X, = v6 M) 123 <M, (GeV) < 127

M, = 3 TeV 3 TeV M . Preliminary results: 1}5181211a Mahmoudi, Moriond EWK
USY —
H o' R e Allpaints a i
2 st g 45F-
Y Excluded by flavour 0 ]
40 _,.'r"'_,_-;,'l.* 40:—
AL :
35 RERET 35F
;‘ : C
SOTHERS - 3O
A  angP Y=
258 "!r _}‘ © 25 =
; -_ r b 20:_
20 , : I:]cmsnna.?f_h"
15 R 15f T ATUAS e 14 1
Lrag o a oo ATLAS H' 46 fb
10 ‘l]:',. AT 10:— Eg:.afh
. :_ max : -
y 5E MSSM m,™ scenario, M_ =1 TeV
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

% 100 150 200 250 300 350 400 450 S0 100 150 200 250 300 350 400 450
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Very strong constraint on the neutral Higgs searches!

Flavour constraints: b — s, B — 71rand new LHCDb B_results
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