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- The space of New Physics searches is vast

* Nevertheless, | assume most everyone is familiar with the gist of
the LHC search program (SUSY, resonances, vector-like quarks,
etc.)

 This is really a talk about what we haven’t done rather than what
we have done

 Think about where new physics could lie hidden
- Concentrate on topologies rather than models
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|-2 JETS + MET>250 GEV

- Search for 1-2 jets recoiling against MET  &wfF =~ = ‘mme
o F CMS Preliminary [ ] w-+ :

o I i 2 10°F (s=8TeV tt .
Leading jet has.pT>1.1O GeV and |n|<2.4 T [ = E

- allow second jet with pt>30 GeV S = E

+ MET threshold determined by trigger F o oo -1 o
103%_ _._ z:t:du=1.7,Au=2TeV .

* Re-optimized cuts to look for stop—c+LSP 4 _
- no charm tagging; just require harder 2n9 o} [ Bag —iews,
jet i3 £

300 400 500 600 700 800 900 1000

200
ET™ [GeV]
_ _ _ — 10
[CMS-SUS-13-009] < [CMS-EXO-12-048]
(\,‘—|350_ 2'1037 S‘SoooJlllll T 1 I II|||| I U 1 IIIIII 1 T l_
L [ CMS Preliminary [Ldt=19.7 10" \s=8TeV P q, [ CMS Preliminary - m,_:")% gezg r=m;30 ]
o~ i - -mm,=5 ,[=M/10 -
S 300—t— %?c NLO+NLL exclusion g 10 S 25001 's=8TeV - mzsoo G:V/ca, =M/ ]
3 [ === Expected limits = 10, Q 40 é " [Lgt=195fb" - - - m,=50 GeV/c?, '=M/3
E - we Observed limits = 10, Q — 1 o : f t=19. == m,=50 GeV/c?, T=M/10
o5l theory Do CMS, 5=7TeV, 511" 5. = [ 50 GeVIC?, =M
L [/ R £ 2000+ x —
B @ . CMS, {s =8TeV, 19.5 fb” =
C O 10 -
200— O O
N 1042 o 1500~ _
B c ol
- (@) S [ /s fe
150~ @ 10 [ 0 b ]
: LEP, e=00 T.) 1000 | , ',' __! . 3 t\:(:\..\,- S - —
- LEP, 6=56° 2 104 . I i [ S 1
100 DO: 16" s CMS Preliminary o o : [ Gy 0 @)
. . -1 XY Y 00y q — 1 —
g CDF: 2.6fb Spin Dependent, Axial-vector operator ——=——=— 500¢ A2
50 ! 1 I 1 1 1 1 10'46 1 1 | llllll 1 1 1 Illlll 1 Al 1111l :
100 300 50 102 10° B
mF[GeV/C] 1 10 0 0 0 I 1l 1 Lol
‘ M, [GeV/c?] 10

1 10
Mediator Mass M [TeV/c?]

CMS Exotica Results — John Paul Chou — Rutgers University — Monday, May 12, 2014



MUCH MORE THAN JUST DARK MATTER
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» Monojet searches are really a strategy for new physics
searches where we can’t trigger on the underlying physics

- Fundamentally an ISR jet trigger + invisible/unknown/poorly
understood/badly reconstructed new physics

* An entire physics program awaits where we have only scratched
the surface
- Monojet where the jet is b/W/Z/H tagged
- Monojet + soft lepton(s)
* Monojet + highly ionizing track(s)
- Monojet + disappearing track(s)
- Monojet + displaced track(s)/jet(s)/lepton(s)

- Don’t forget that the EWK-scale is only ~200 GeV

* l.e. why it’'s important to keep the trigger thresholds as low as
possible
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« Search in exclusive bins of
Nuets, HT, and missing Hr

CMS, L=19.5fb", \s=8TeV
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Jets =

E T T T | T T T | T T T | T T T | T T ]
S 10°E(a) * Data B \V/ti(e/u+v)Hets
I_|>J B Z(vV)+jets B acD ]
- ] ~~ o~ 0
10* WHH(r, ,g#v)+Hets — pPP—~T8, 5T,
----- pp—gg, G—ttx. o
10° ™. e Pp—00, §—>adV%, 3
— pp—T4,0—0x,
2
10 E
10 =
xo) .
£ 1
=
| IR f \ 3§§
Q- .05 | Sl l}\
cU 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cD*B' 200 400 600 800 1000

Events

(Data-Pred.)/Pred.

>3 JETS + H>500 GEV + MH>200 GEV

10°

10*

10°

102

10

CMS,L=195fb" Vs =8 TeV

E -o-Data Bz wv)+jets [ WAT (e/u+v)+jets
_O - .
8 3 I aco WA (v, +v)+et
13 8¢ QC (Tpaqr V) HiELS
3+ Vv 3
4F -V |8 7 . . .
17288 VA Total uncertainty on background prediction
188 Y Slg V8 o
1T ® @ A = V.9
o - 3 19 o
= < =8 Y < o9 © g HT [GeV]
ERY N8 ¥ RL VT o =
EE g e LYy L 83 9% 2o A [GeV]
138 = Fo SV 8|V'_q- o Py V’_ '8 B
o 1 N S o ,ol:E \ =) vV E o'V ¥ O
1w ' Vv o ® W Ay £ o' 1o V i -V 12 3
il < H o,V S © . F & Y]
— 'V & TS L N g AYFTRLY 189
= |8 Y, N 8 Ary 8!(5 m:E'_lg o XI% folc\? 51-) 1o
1 ® [ =] ='8 (;\)Ig N Mg v ey v 1 .
1 1y '3 TN My |8 Sla 8 X'VS o'V 1
! 1 & (=4 s B 18 NS NAd YV oI 1o
1 1S 1V 3 15 12 1o EIOO"’I% 8'0800
1 10 [ 10 1 (Y 110 N9 A, 1 &N o o
1 e Y [y 'S 1 N o @ =8 RANANNS S
1 |g Ao [av] Y 19 N SE AR %
. 1 10 1 T 1 1o [ = |o":E| S S
al I - S 5 -~ EE
1 1 [ 1 1 |8 v} 1V |8 |0800~O,
' ! ! 3 ! 1o ! =t 10 re}
1 1 # 1 |8 |j\:/ 1A |¥’_% ﬁ 8 L‘O_)
1 1 1 I 1 1 1 [ 1 — =
l 1 “ ' |8 T 1V I'_Vn— V,_l\
‘ # ! 1N ! 18V % I T
1 ﬂ 1 1 D 8 S v
! 8 9 3
/i v 2«
Voo % L =
Vo /i /]

3]
. N

D\
T N\
X

NN\ \
NN\,

]
=

NN\ ¢

N

X § \-

N

|IIII|III~‘{III|IIII|

Z

=35

Jets

CMS Exotica Results — John Paul Chou — Rutgers University — Monday, May 12, 2014



MULTIJETS WITHOUT MET
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» Search inclusively for in St (=Ht+Lt+MET) distribution
 count all objects with pr>50 GeV

» scale St from low multiplicity to project into high multiplicity
- ongoing effort to lower St range by reducing pr thresholds
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PHOTONS + MET OR JETS
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MONOPHOTONS

« 1y (pr>145 GeV) + MET>140 GeV
* plus jet veto (pt>30 GeV) and lepton veto (pr>10 GeV)
- use photon pr shape to extract constraints on new physics
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SAME-SIGN DILEPTON BACKGROUNDS

» Two same-sign leptons and =2 jets
* low pt selection: lepton pt>10 GeV, H>250 GeV

* high pr selection: lepton pt>20 GeV, H>80 GeV

- dominant background uncertainty from “non-prompt” rate and
rare background rate (both assessed at 50%!)
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MULTILEPTON SEARCHES
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« Search for anomalous multilepton
production establishes paradigm of . o
“high resolution” searches at CMS
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RESONANCES

[EXO-12-010]
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AND EVEN MORE RESONANCES!

] CMS Pre“m'nary 2012 > 104 LI L I L L B B L
> 10 _EI T T | T T T | T T T | T T T | T T T | T T T | T T T | T T Iﬁ_ m E . E
K = (Lgi—10gf,’ ° Data B ZZ/2y E o | all-hadronic ¢ Data :
o 104 ; B 0 Z+Jets _;, 8 10°F oo B tt .
S T E \s=8TeV wz — W' (1.0 TeV) 3 SRS NTMJ -
E,J 103|§_ — W' (1.5 TeV) _§, %}102:_ %, —Z|2TeV_:
S [EXO-12-025] 1 10, |
S 10°F e > B ]
L = = w I i
10 = 10¢ E
15 R : " :
s - 1F \ E
10™ :‘:ﬁ : \ \ ]
| P I I A\\ \§ .
0 200 400 600 800 1000 1200 1400 1600 10 1000 1500 2000 250'0' \300'0' '3'500
M, (GeV)
w2z (c) M. [GeV]
=8TeV.W—evHP < L [T T T T T T T T T T T CMS Preliminary Vs =8 TeV fl_dt=19.8fb“
f % 10 E_ —._H'gh Punty DOUbIe WIz-tag data _E FT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT |_
= 100 ([ [Osingte Top ?- Q) - — Fit ] - ®  CMS 2012 (u, 1JHP) .
% ® data D Uncertainty 3 B 10 E_ - GRS->WW _§ Background estimation T
O -+ Bulk Graviton M=1.5TeV k=0.2 (x100) _;, 2 2 § 1 [ Z+iets (Madgraph) E
3 -- Fitto dela E g 10°c CMS Preliminary (19.8 fb™)3 = e e F20.5 (1001
10 - L ¢ \Js =8 TeV 1. 1000 GeV, =05 (x100)) ]
= 8 104l i <2.5, lAn) < 1.3 4 g -
o L - = CAR=0.8 = E
T F . -G >WW (1.5 TeV 1 2 ]
° F 10° - ER |
“rE [EXO-12 ; o Tom
= & - - 6 ; ' 7]
pLEAD- AT 0 [EXQ-12:024]
1000 1500 2000 2500(G \:;3)00 s \
m e = oF ¢ : : R 10° -
WW L ! H m_ — ] = E
= S - o b§ -g [ % = 4
W B2t by g ‘ s Sl 1000 1500 2000 2500 L ﬂ NHSIERE
mo pt T T T - Dijet Mass (GeV) 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Ol 4 - M,, [GeV]
1000 1500 2000 2500 3000

CMS Exotica Results — John Paul Chou — Rutgers University — Monday, May 12, 2014



A DIFFERENT KIND OF BUMP HUNT
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« One approach that has not been exploited so far is to
convolute the bump hunt with the multibin approach
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» Often the bump hunt searches fit for the background in situ
- Don’t worry about fake rates!
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DATA SCOUTING
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» Novel trigger, DAQ, and analysis strategy to search below 1
TeV

- Low jet-trigger thresholds means high event rate (~KHz)
 Store reduced data format (i.e. jets reconstructed at trigger level)
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DATA PARKING

* In 2012 we parked” an addltlonal 300 Hz of data and
waited until 2013 to process the datasets
- Quad jet triggers, inclusive VBF, low-pT monophoton triggers, etc.
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PAIR-PRODUCED RESONANCES

“inclusive T [B2G-12-015]
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Long-Lived Searches
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DISPLACED LEPTONS

Search for two dlsplaced |solated Ieptons (e+e or uty)
originating from a common vertex

» trigger on “photons” or “L.2 muon tracks” and match tracks to
these objects

« avoids dO bias of dedicated electron/muon reconstruction
 achieve sub-mm sensitivity
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« Massive long-lived particles can decay to jets
- Split SUSY, RPV SUSY, Gauge Mediated SUSY, Hidden Valley models, etc.

« Search for events with dijets from a common, displaced vertex

- Trigger on events with Hr>300 GeV and =2 jets with small fraction of
prompt tracks

- Offline: form multivariate discriminant based on vertex track multiplicity,
fraction of tracks with positive dO, and variables from a dedicated track
clustering algorithm
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DISPLACED DIJETS
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» The analysis requires two displaced jets from the same
vertex

» Note that some models have two displaced jets from the same
vertex, but because of the boost, the jets merge

* Trigger requires Hr>300 GeV
- Can’t go after H(125) because of this
- Should look in other channels: inclusive VBF, lepton+X, etc.

» Analysis has prompt energy fraction requirement

- If the long-lived particle has electric charge, then sensitivity could
be suppressed

* |nsensitive to lifetimes =1 mm and =1 m
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CONCLUSIONS
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» Searches for new physics is covering a very large space

- Still, gaps remain, even as we are trying to close them

- often driven by trigger constraints, or sometimes lack of time, or
even lack of imagination

« Some gaps arise implicitly from isolation criteria

- Be wary of systematically limited searches or those too tuned to a
specific model
 not all searches are not constructed to make a discovery

 Electro-weak scale physics will only get more difficult as we
iIncrease the sqrt(s)

- Should be thinking now about trigger strategies, etc.
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