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ANSWERING BIG QUESTIONS

Is the electroweak scale tuned?
What is the dark matter?
s there supersymmetry (at any scale)?
Do the gauge couplings unify?
Is the Higgs elementary or composite?

What surprises await us at higher energies?
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REQUIRES BIG INVESTMENTS
300 fb'13-14 TeV LHC
3000 fb'13-14 TeV LHC
33 TeV circular proton-proton collider

100 TeV circular proton-proton collider

Complimentary machine: e e~ Higgs factory.

TIMOTHY COHEN (SLAC) 5 OF 50



e Motivation

 SM Background generation

e Gluino-neutralino Simplified Model
e Stop-neutralino Simplified Model

e Conclusions
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Lack on new physics has inspired wave of
“hide-and-seek’” model building.

Maybe the electroweak scale is natural,
and mechanism will be hard to find.

Might require high luminosity.
High energy should help too.
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MOTIVATION

If we see new physics at the LHC,
the future program is obvious!

If the LHC does not see new
physics, are there motivated
lampposts to look under?

YES! There are many!

Unification,dark matter, and
125 GeV SM-like Higgs
accommodated by Mini-Split SUSY.

Arvaniaki, Craig, Dimopoulos, Villladoro [arXiv:1210.0555];

Arkani-Hamed, Gupta, Kaplan, Weiner, Zorawski [arXiv:1212.6971];
Hall, Nomura, Shirai [arXiv:1210.23995];

Kane, Kumar, Lu, Zheng [arXiv:1112.1039];
Ibe, Yanagida [arXiv:1112.2462]
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THE MSSM HIGGS BOSON

Giudice and Strumia [arXiv:1108.6077]
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THE MSSM HIGGS BOSON
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Want to motivate future
circular colliders.

One important question:

What is the mass reach of
human-buildable colliders?
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GENERATING 3 ab’
O'NLQ(pp%t%) = 0.8 nb
g nie

Want factor of 10 more MC than expected events

10x o x £ =2.4x 10

It each event is 1 kilobyte:

24 Terabytes for tops (per pileup setting)
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IS THERE A SOLUTION?

1-1 event generation is not feasible.

Step one:

kinematically weighted event generation.

TIMOTHY COHEN (SLAC) 14 OF 50



WEIGHTED EVENTS

As an example

Take the gluino-neutralino simplified model:

pp—399— (¢7x) (¢qx)

Compressed region is difficult to simulate.
Modeling tails of distributions is crucial for searches.
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UN-WEIGHTED EVENTS

my, = 1000 GeV,m, =900 GeV (o = 0.3 pb)
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UN-WEIGHTED EVENTS
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KINEMATIC WEIGHTING

my, = 1000 GeV,m, =900 GeV (o = 0.3 pb)
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KINEMATIC WEIGHTING
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1) Choose an appropriate generator level variable, I
e Background: X = Hr for all states [ihtmin/ihtmax]*
e Signal: L = Hy of ISR jets [htjmin/htjmax]
2) Compute the cross section as a function of I
3) Define bins:
e First bin: o(biny) > 0.9 X oot
e Subsequent bins: o(bing) > 0.9 X Gremaining
e Final binis inclusive: o(bingna) < 10/L
4) Generate events (71, events in bin k after matching)
o(biny )

25

» Event weight: wi =

* requires a modification to include states besides partons
For details, see Avetisyan, Campbell, TC, Dhingra, Hirschaurer, Howe, et al [arXiv:1308.16365]
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UNCOMPRESSED

m_G = 1500, m_LSP =500
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COMPRESSED

m_G = 1500, m_LSP = 1350
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KINEMATIC WEIGHTING

It works!

Can we do more?
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Due to color factor, particles tend to decay hadronically.
Want fully inclusive samples.

No reason to desire better Monte Carlo statistics in any
given channel.

What if we enforce that all branching ratios are equal?

Then BR is included as part of the event weight.
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Decay particles to all available decay modes with
equal probability.

w — Weight In Sample Change
€" Ve 11% 20% 1.8
U vy 11% 207% 1.8
T Vr 11% 20% 1.8
ud 33% 20% 0.6
cs 33% 20% 0.6

Even more substantial gains for Z.
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FLATTEN BR’S

tt — Weight In Sample Change
hadronic 44% 25% 0.56
semileptonic 447% 507% 1.13
dileptonic 1% 257% 2.25

Saves factor 2.25 for dileptons,
no loss for semileptonic

Takes 5M events/Ht bin to 2.5M

TIMOTHY COHEN (SLAC)
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UPDATE WEIGHTS

All decay modes of particle X treated equally.

There is an effective BR = 1/N=* .. .

Need to updated the event weight by

H modes

TIMOTHY COHEN (SLAC) 26 OF 50



Flattening BR’s save many computing cycles!

Implementation for Snowmass backgrounds relies on
BRIDGE (modified by SLAC team to flatten BR’s).

Meade and Reece [arXiv:hep-ph/0703031]

In future: implement flat BR’s including spin correlation.
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K-FACTORS

Define K-factor:

ONLO
K =

O MadGraph

Use MCFM to compute onLo .
http://mcfm.fnal.gov/

OMadGraph is the matched + showered cross section.

For Snowmass: K-factors are included in event weights.
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http://mcfm.fnal.gov
http://mcfm.fnal.gov

e Events are available for download.

o Each file corresponds to an Hr bin. T] V%, x BRY
modes d;
J

¢ OMadGraph is provided for each bin.
e Eachevent containsw; = K; x f;.

event Ht bin
number
e Userimplements w; = oMadGraph,o W, .
o w. o
* Each event contributes -~ to a histogram.
87

num events in Ht bin

N
w.
e Enforces g N—Z = ONLO,a X BR.
. 87
(4
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RESULTS
WJlrjets |

I
14 TeV, 300/fb, OPU

T Inclusive 13TeV Sample
I Zero Jet
] H, 0-300 GeV
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RESULTS
lejet,S

14 TeV, 300/fb, OPU
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GLUINO-NEUTRALINO

PP =3G9 — qGqTX; Xy
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JETS + MET

Preselection

e zero selected electrons or muons

° E'r}liss > 100 GeV

e at least 4 jets with pr > 60 GeV

Search strategy
EFss//Hp > 15 GeV'/?

The leading jet p; must satisfy pr=“" < 0.4 Hy

E&I_Inss > ( Eé“mss)optimal

Hr > (Hr)optimal
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DISCRIMINATING VARIABLES

/5 = 14 TeV pp— 39— (¢ax?) (¢ax?)
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OPTIMAL CUTS
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M_o

RESULTS

[TeV]
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Can probe gluinos up to 13.5 TeV!

Moving from LHC to SppC:
Dominant background changes.

Jets + MET strategy still effective.
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STOP-NEUTRALINO

G- s 1Y o byl
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8 TEV STRATEGY

Preselection
® 0 leptons
® 6 Or more jets
® 2 Or more b-jets
® Tau veto

Search Strategy

o Cuton MET
e Cut on transverse mass between b-jet and MET
e Cut on A¢ between jet and MET.

ATLAS Collaboration [ATLAS-CONF-2013-024]
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tt, production, t, — ty;(BR=1)

ATLAS Preliminary Observed limit (+165YSY

theory)

j Ldt = 20.5 fb'1, \s=8TeV Expected limit (£10,,,)
All hadronic channel Expected limit (2011)

All limits at 95 % CL
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GOING TO 100 TEV

Can probe stops with much larger mass:

mz > My

C

final state top quarks will be highly boosted!

(Assuming light neutralino.)

Need new search strategy.
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BOOSTED OBJECTS

Boosted objects = entire final state within the jet.

Example: Boosted h — bb.
Butterworth, Davidson, Rubin, Salam [arXiv:0802.2470]

More boosted
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BOOSTED STOPS

| Lat = 3000 fb’

(GeV) Wit
— M; = 4000, M, =1 | single ¢
-- M;=6000, M, =1 gy 7
Mt~=8000, Mzo= 1 QCD

1

Preliminary
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100 TEV STRATEGY

Cut Flow Table  [Ldt = 3000 fb™

(GeV) mtt
— M; =4000, M, =1 | single t
-- M;=6000, M, =1 puyy*/ 7
o M.7=8OOO’ M, =1 —qcp

Preliminary

A
Jet mass At leastone
near M muon within a jet
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RESULTS

Exclusion for pp — tf — ttyy

- \s =100 TeV
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Sensitive to stops with mass of 8 TeV!
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Sensitive to stops up to 8 TeV!
Translates to fine-tuning of roughly 1 partin 104

Moving from LHC to SPPC:
New search strategy required.

Take advantage of highly boosted top quarks.
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CONCLUSIONS

The SppC would have a HUGE
iImpact on our understanding
of fundamental physics.

Performing realistic studies
requires new Monte Carlo
techniques.

The SppC could probe gluinos
below 13.5 TeV and stops
below 8 TeV.

Many interesting studies to
do in the future.

Hope to one day take
picture with SppC detectors.
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ANOTHER MOTIVATION

If the 13-14 TeV LHC does not see anything,
do we have any other guideposts?

Want to fully explore the CMSSM ansatz.
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THE C

MSSM

TC and Wacker [arXiv:1305.2914]
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LHC DISCOVERY?

mg [TeV]
0O 2 4 6 38 10 12 14

Spp———

reach * : 5 79

| 5 20

* | E 118
Naive LHC13 f | E 16 =
it hd
f | : 12
* | e eeeeaes] 10

/ 8

reach Q N - 4

Naive reach means 10 events at final integrated luminosity.
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FLATTEN BR’S

Weight In Sample Change
30% 447% 1.4
6.7% 11% 1.6
3.3% 16% 4.8

Saves factor 5 for Trileptons

Takes 5M events/Ht bin to 1M
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FLATTEN BR’S

Also important for the Higgs:

H>WW—=2/00vy
BR =1.8% = 5.2% In MC

1 P A A | (e A
BR =0.07% = 1.1% In MC
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GLUINO-SQUARK RESULTS

E’U 20— 5 o discovery —
- = 100 TeV, 3000 fb’ s . .
B —33Te\e/, 3000 fb ™! ] EXCIUde 17 TeV glUan,
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10~ —
s\ 1 & ———
oL | 1 | ] = 20— 95% CL exclusion —
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