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axiv1sotoa9s A LOOK AT

Classic dijet search (Run 1)

— 10
targets narrow resonances o °
Q_ 3

. . . ~ 1
Sensitive to many signal <
models: axigluons, colorons, & 1¢

W', Z', excited quarks, string >é 10
resonances, RS gravitons, S8

1
resonances, ... o
But every model comes with o
a cross section assumption:
10°
low mass — very large cross
. -4
section 10
5
Have we really ruled out all 10

possibilities at low mass?
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http://arxiv.org/abs/1501.04198

axivizoezs2s NEW LOOK AT THE PHASE SPACE

* Generic model with a leptophobic Z' before Run 2
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https://arxiv.org/abs/1306.2629

axivizoezs2s NEW LOOK AT THE PHASE SPACE

* Due to trigger thresholds and larger backgrounds, standard dijet

search @ LHC explores lower in coupling at higher masses
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e How can we go lower in coupling and lower in mass?
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TWO METHODS

e Data scouting: lower trigger thresholds
by recording only information

necessary to perform analysis
(to get around data-taking constraints)

e Boosted dijets + associated ISR jet:
Use ISR jet to get above the

trigger thresholds
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D. Anderson "Data Scouting at CMS" D ATA S C O U T ‘ N G

2015 IEEE NSS/MIC

* How can we trigger AK4 Calo Jets

below Hr = 900 GeV? Calo Scouting
4kHz % 1.5 kb

Vertices
* Reconstruct/save only (opportunistically savec)

necessary information
. A.U.
to perform analysis A

Calo Scouting } {QT > 250 GeV: Scoutlng with calo- jets }

— record more events ,\ » Peak rate: 3.8 kHz (too high for parking)
o Calibrate USiﬂg data : Parking » HT > 450 GeV: Parking

o '* Peak rate: 420 Hz
stream containing both

HT > 450 GeV: 3

red U Ced CcO ﬂte nt a ﬂd PF Scouting }i’;couting with PF candidates J

standard content |-_Peak rate: 420 Hz -
e “Calo Scouting” allows | \ HT (GeV)

' (Not to scale)
US tO get dOWﬂ tO 250 GeV 450 GeV 900 GeV
HT > 250 GeV Rate estimates assume a *
luminosity of 7e33 cm2 s-! Lowest unprescaled HT trigger
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http://www.nss-mic.org/2015/public/welcome.asp

LOW MASS SPECTRUM AND FIT

EXO-16-056

e Using “"Calo Scouting,”
low mass spectrum”™ is fit

with 5-parameter function
above m; > 489 GeV

dcs/dmjj [pb/TeV]

do

Po(l — X)P1

xP2+PsIn (x)+Py1n (x)

;X = mi/ s

e X?/dof=1.0

* No evidence for dijet

resonance

(Data-Fit)

*  Note: only the first 27 fb™' is used due to
an inefficiency in the L1 jet Hy trigger

* Javier Duarte
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https://cds.cern.ch/record/2256873

LIMITS ON NARROW RESONANCES

EXO-16-056
* Expanded CMS reach at low mass
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ASSOCIATED ISR JET TOPOLOGY

* Use ISR jet to get you above the trigger threshold .

* Look tor boosted light Z'(gq) / ®(bb) / H(bb) q
resonance
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X000 ANALYSIS SELECTION

e Online selection:

o jet pr > 360 GeV (m > 30 GeV) or
_|‘|' > 900 GeV

e Offline selection:

e jet pr > 500 GeV, |n| < 2.5
. VAl
o Substructure selection:
e Soft drop jet mass > 40 GeV
o N',PPT (5% QCD eff. WP)
1-prong
* Backgrounds: s
e QCD a/o /} VS.
 SM Candles: W/Z + jets \k\
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http://cds.cern.ch/record/2264843?ln=en
http://www.apple.com

SIDEBAND QCD PREDICTION

* Core idea: predict QCD jet mass distribution from failing region

* Problem: cut on N'; sculpts jet mass distribution!
N,

A

T CONTROL REGION
Cut ...................................................................... TQANSFER
l SIGNAL REGION FACTOR

Neass/ NEa

> 0 (MASS-LIKE VARIABLE)
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SIDEBAND QCD PREDICTION

e Solution: define new substructure variable intended to be
decorrelated from jet mass

N12 DDAT

Transformation:
N, — NTPPT = N5 - N5 (59 quantile)

CONTROL REGION

CMS Simulation

T g 950 — Z
oQo- 900;— N_\
Cut ...................................................................... <g( 850;— /U\C'I,
800 — g
SIGNAL REGION l o -
700 — g-
650 — é
600 —
550 —
50_055' L -_'5- ---4'5- ., 4!1 ...............
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EX0-17-001 7" INTERPRETATION

 Jet mass distribution is fit down to 40 GeV

* Interpretation for resonance masses down to 50 GeV (!)

CMS Preliminary 35.9 b (13 TeV)
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http://cds.cern.ch/record/2264843?ln=en

HIG-1/-010

double-b tagger (BTV-15-002)

HIGGS TO BB?

e Similar background estimation strategy using CMS

35 9 fb 13 TeV)
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DARK MATTER MEDIATOR

e |f our leptophobicZ' couples
to dark matter as well
quarks, then it acts as
mediator between the dark
sector and visible sector (SM)

* How do our limits on the
mediator change as we turn
on gpm -~ 0 and Mpv < m|\/|/2 "/

Ly = ~8oMZp, X' X H8q Y Z,97"4

q
q
4D parameter space: gom, 9q, Mpm, Mm
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SENSITIVITY TO DARK MATTER

e Sensitive to large range of dark matter parameter space by
looking directly for resonant production ot the mediator

q g x(mpwm) o
CMS Preliminary LHCP 2017
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SENSITIVITY TO DARK MATTER

e Sensitive to large range of dark matter parameter space by
looking directly for resonant production ot the mediator

q g x(mpm) C
CMS Preliminary LHCP 2017
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SENSITIVITY TO DARK MATTER

* We can convert these limits in the (mp;, mpy) plane into limits in
the (mpwm, Osp) plane to compare with ID/DD DM experiments

For axial-vector mediator with universal quark
. , . ,q , fP= f" = 032¢.
coupling g4, mediator-nucleon coupling is

2 2
_ 3/7(8q)8DMINY arXiv:1603.04156
_ ﬂmﬁned
gleom\” /1TeV\* / iy \2
~ 24 x 10 % em? - [ 22 X
<107 em <0.25> <mmed> (1GeV>
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https://arxiv.org/abs/1603.04156

SENSITIVITY TO DARK MATTER

 Competitive with direct detection experiments (depending on
the details of the model: couplings, mediator type, etc.)

q & x(mpm) ..
CMS Pl’e“mlnary I—HCP 201 7 CMS observed exclusion 90% CL
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SUMMARY AND OUTLOOK

* 2016 dijet searches at the LHC are probing lower in resonance
mass and coupling

* Many complementary searches, new techniques (substructure,
decorrelation), and interpretations (DM mediators)
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TRIGGER SYSTEM

e How can we trigger below Ht = 800-900 GeV?

e Two limitations:

e Bandwidth = event rate X event size limited
by read-out of O(100M) detector channels,
disk storage, and everyone else’s tavorite
physics channel

e CPU time limited by computing resources

for online reconstruction

Total Reco.
BW: 1 kHz x 1 MB
CPU time: 150 ms

* Javier Duarte
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CALO JET VS PF JET

e Ratio of Calo HLT dijet mass to PF RECO dijet mass

CMS Preiiminary (13 TeV)
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LIMITS ON NARROW RESONANCES

EXO-16-056
* Expanded CMS reach at low mass
= CMS" Preliminary 27 fb"' & 36 fb (13 TeV)
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https://cds.cern.ch/record/2256873

SYSTEMATICS e 2
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final jet mass distribution provides
additional in-situ constraint, i.e. W/
//Z' nuisances are tied together
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SENSITIVITY TO DARK MATTER

 Competitive with direct detection experiments (depending on
the details of the model: couplings, mediator type, etc.)

q & X(mpm)
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WIDE JETS

e Jets initially reconstructed with anti-kt algorithm with R=0.4

e "Wide jet" algorithm uses two leading jets as seeds
* Adds neighboring jets to nearest leading jet it within AR < 1.1
e Recover loss in mass response due to radiation

anti kKt highest pr

R=0.4 jets seed jets — dijet system

X 2
L
A ¢ % pys
30’020: A é % % 0§ 3
4 0¢.0 &4 "o ”’...
0:0’. .: Qi.’ ’: Oi.’
23 oet?® 180
o0 .00’ Q’ ‘0
e o$ede, OO
Qedo, (234 5
¢ .:Q. L 4 ’0’0: PS ’ :’:
’ *% o 2% 2%,
* ( 2 * “’ 2 2 ” )
LI 3G S
2244 -9 4/0¢ L o .
tee N X 4

"D Fermilab



wider than quark-quark
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WIDE JETS

* Gluon-gluon resonances are
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