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SUPERSYMMETRY AND THE
HIGGS MASS
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DICHOTOMY

Higgs at 125 GeV
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Stop search; Models? Gluino Top-down
Higgs sector (NMSSM, D-terms, ~ S€arch theory

(rates, decays) compositeness....)



NATURAL SUSY

o target the natural SUSY scenario (light stops &
sbottoms, heavier |st/2nd generation), work with
simplified spectra.

Q P Meade & MR '06

4 ) Focus on the hierarchy problem:
ceteeet L. which particles do we need?

I he scalar top quark cancels the biggest divergence.



A SIMPLIFIED
& SPEC | RUSH
— First, consider the case with a
t oluino to enhance
300 production rate.
Mass E Top quarks: higsher-multiplicity
final state.
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LIMIT RECASTING

Bl iciils of GIMSDE Atter |/1b,” |'110.64440 By i iKais iz
Mezae MRGIBESalls

(similar work: Essig et al. | | 10.6443, Brust

| . et al. I 110.6670, Papucci et al. | 110.6926,
B cVeal simplified spectra it ol | 1112251, Desai et al LN 2530)

» Simulated with Pythia, Fast]et, private code; validated against
SIRES SR CIMS plots

» Strong limits from:
* jets + MET (very powertful, general purpose)

» diphotons + MET, same-sign dileptons (low background)



GLUINOS & STOPS: GLUINO > 700 GEV

e | Gluino/stop/gravitino
1200 simplified model

| Shows power of same-

| sishi dileprens S
CMS SS dileptons (1/fb) 7
CMS OS dileptons (1/fb) | SUS— | —O | O

ATLAS jets+MET (1/1b)

ATLAS 6-8jets+MET (1.3/fb) No reach for STOP
ATLAS /+jets+MET (1/fb) -

f cms r+jes+MET (1) | glone: LHC needs
200 400 600 800 1000 1200 1400 More than brute force
Mstop [GCV]

Y. Kats, P Meade, MR, D. Shih "I | (with many more models)




WINTER CONFERENCES..

ATLAS-CONF-2012-004, released Feb 2012 same-sign
EEieRsets, ME|

oluino through off-shell stop oluino to on-shell stop
g-g production, g g—>ttx IL dt = 2.05 fb”, \'s=7 TeV 1 6505 -9 productlon g—>t +t t—>b+x J.L dt = 2.05 fb, \V's=7 TeV
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Confirms our estimates: gluino above ~700 GeV



AND MORE..

CMS-5US-11-020, March, 2012
Same-sign dileptons and b-jets

CMS Preliminary, \s =7 TeV, L =4.7 fb™

I I | I I I I | I I I I | I I I I | I I I I | I I I
Same Sign dileptons with btag selection
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AND MORE

g-g production, g— tf’i? L™ = 4.7 fb
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GLUINO MASS & STOP MASS

A weakness of the “simplified model” approach where
we set masses iIndependently Is that it misses the RG:
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There I1s some model dependence, but roughly a bound of

900 GeV on gluinos means that without tuning
m;, 2 360 GeV
Can have tachyonic stop masses at high scale. But

naturalness really wants gluino below ~ |.5 TeV. Keep

looking!



600

JUST THE STOP?

This more directly amounts

t) to asking about naturalness.
300
Mass . So far, the L!-IC says
almost nothing.
B or G
(stable)
0

Strong EVWK



ROTEALIHY STCHRS

The stop could be lurking very near the top quark mass,
canceling the Higgs mass corrections.

Very hard to see
IN this mass range; an

instance of “stealth t: |
supersymmetry” % } ATLAS (AMET. (11

D s CMS £+ jetst MET (1/fb)
<J' Fan’ M R’ J' . CMS OS dileptons (1/fb)

Tevatron limit
O T - S S R S R S T
150 200 250 300 350 400
M stop |GeV]

Y. Kats, E Meade, MR, [DES ARSI

Ruderman, '| |)



THREE-BODY DECAYS!

Fraction of 3—body Decays

1.0 ==
08

0.6 Bino

Gravitino

|f mstop e mtop, ha\/e
“stealthy” decays, but 3-
body decays can have

: more MET.
04 :
02 - More 3-body decays
e e w0 w0 2o for gravitinos:
e Iwo extra phase
m? m3 @\ space factors from

I's body — 9 I 2 ; '

167 F m: goldstino coupling to

SUSY breaking




BOITEALIRY ST

The stop could be lurking very near the top quark mass,
canceling the Higgs mass corrections.

5 B
Very hard to see 4 /
[EREGISEETESS range; an . ., |
instance of *“stealth : : i %
supersymmetry” = ATLAS (FAMET (1t
(J. Fan, MR, J 1/‘:|’, ...................................... Z Zzg;:jﬂﬁg

Ruderman, | |') O 150 200 250 300 350 400

Mstop [G@V]
Y. Kats, R Meade, MR, BES iR



[ SP DEPENDENCE

Stronger bounc
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HEAVIER STATES?

M_o [GeV]

ol o, | - LS f — bf(’o at ATLAS: bounded
Timme e 040 ~ 400 GeV if neutralino <
200; } _ | SO Ge\/

Similar bounds on b — tW ™

c1)00 150 200 |25o 300 :':350 ;rc]);:é[;e\‘}}o ﬂ"Om Same-Slgﬂ dlleptOﬂ

Perelstein, Spethmann hep-ph/0702038: t, — 12
in the “supersymmetric golden region” (light stop, large
A-term mixing stop-right and stop-left)




LIGHT STOPS

One idea: leptonic M. (Kats, Meade, MR, Shih)

My or stransverseti: &

variable from Lester, Summers
hep-ph/9906349

\Wiion?

Missing momentum

W\

Edge at the W mass (also: Cohen, Kuflik, Zurek 1003.2204)




LIGHT STOPS

One idea: leptonic Mr,. (Kats, Meade, MR, Shih)
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e TONIC PTES

Efficiency Comparison: M;=200 GeV
100 n - g\g\ T T T T T R ‘
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ALONG SIMILAR LINES...

Bal, Cheng, Gallicchio, Gu 1203481 3
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Analog of M, designed to reject dileptonic tops with
missing lepton, which can contaminate a semileptonic stop
search after Mt rejects semileptonic tops.




SN T EST

Very light stop: need to supplement missing ET
variables with more information. \Work with Z. Han, A. Katz,

DRISEeRn. ..
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SM: Correlation
Supersymmetry: No correlation, but polarization
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LIKELIHOOD RATIO

Adapt some work of Melnikov & Schulze to this context:

L(dat) ttbar_corr(blue), stst(red)

N point IS a samp

(blu

for a mixture of mostly tops with so

e). Log likelihooc

challenge.

e of 500 events: s

IS noticeably dr

fe

MEISIGESH

rent. Rea
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y looking
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STOP & TOP

Stops at LHCS8 (NLO)

Madgraph LO:

CROSS SECTION

At stop mass = top mass,

110 rate Is about |/6 of top rate.
0.3

10.1 5"
003 “\/\/hy so small! Very naive:

2% both color triplets, 1/2 the

10.003
00 degrees of

ﬁ

freedom, why not
|/2 the rate!?

o(gg — tt) ~ 68 pb o(gg — t1t!) = 11 pb
o(qq — tt) = 23 pb o(qq — flfl) ~ 1.6 pb



THRESHOLD DEPENDENCE

Madgraph LO:
o(gg — tt) = 68 pb  o(gg — t1t]) ~ 11 pb

o(qq — tt) ~ 23 pb o(qq — t1t)) sb

The smallness of stop production from g-gbar Is related
to the threshold behavior. Must produce the stops In a p-

wave, so rate goes ~ BB°.

Top production and stops from gluons are ~ B, so need
a better explanation of the small ratio of stops.



MASSLESS LIMIT

Production rate of stops from gluons:
Ba2 T
48s

o(gg — 515{) —7s>m

Production rate of fermionic quarks from gluons:

do G ool 9

099 = a0) = 5 (4 v) (@ 4s2>'
Have a forward singularity: cut off by the stop mass, but
enhances the top rate.

Real kinematic difference we should try to exploit.



AMPLITUDES

Consider the even simpler example of vy — é7é~

2 1 3] (2 3)
(13)[2 3]

A(l_l_, 27, 30, 4¢) = 1€
I he amplitude Is a pure phase.

The t-channel pole Is absent; a photon can't split into
collinear scalars while conserving angular momentum.

For fermions, the usual splitting amplitude story
ameliorates the 1/t pole to a 1/v't:

tree/1+ — -+ —_2[14]<23>N2 E
R (1 2 ,3¢,4¢)—26 1323 ie”1/ X phase




RAPIDITY DIFFERENCES

Rapidity Gap

Stops (180 GeV) —
Z 020 | TOpS (MC@NLO) —
5 k ey To =0.5 ]
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Result of the t-channel singularity for top production.
Interesting stop/top difference, coming from
angular momentum conservation.



HOWEVER..

Stop/top rate I1s small, so 1t's a small change In shape.

Rapidity Gap
o.10————"—+—+—————+ *

0.05

—0.10 1 = 0.5 Upefay)t ===="
Stop 180 GeV —

Relative Fraction of Events

0 some extent, mimicked by a larger RG scale choice
in the NLO calculation. Need better Standard

Model theory! Understanding tops is key.




MESSAGE

The key question for TeV-scale physics now s
naturalness.

In the near future, the clues to look for are:
ight stops

5

U

changes in Higgs branc

novel

niNg ratios or production rates

iggs decay mod

o5

nould also be looking for displaced gluinos; hints of

NNatL

ralness.

We’re eagerly awaiting 2012 data and
analysis!



