


Multi Jet Event at 7 TeV f

* The idea for MAPP

« MATHUSLA, for long lived
particles

e SuMmmary




Summary of Exotica Searche
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Summary of SUSY Search

No sign of SUSY with the data collected so far (similar for CMS)

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: March 2016

ATLAS Preliminary
V5=7,8,13TeV

miss - Rt
Model 1Ty Jets ET [Laim™) Mass limit V5=7,8Tev [AF=H3TeV] Reference
MSUGRAICMSSM 0-3e.pu/1-27 2-10jets/3b Yes 20.3 1.85 TeV m(g)=m(z) 1€
94, q—uﬂ 0 26jets  Yes 32 m{!)=0 GeV, m(1* gen.g)=m(2" gen. q) ATLAS<
43, %) (compressed) mono-jet  1-3jets  Yes 3.2 m(G)-m(t})<5GeV 1
8 3. Goactr) 2ep(oft7) 2jets  Yes 203 m(¥)=0Gev 1€
S 32 3-qa% o 2-6jets  Yes 3.2 mif1)-0Gev ATLAS<
‘§ F-qqX) —qqW* ){1 ;n# ’S’-g )e:s Yes 33 mu.)<3soeav m(E")=0.5(m(¥})+m(z) ATLAS-(
Fi g—»qq((f/{v/vvm ep -3 jets - 20 |2 m(¥})=0 GeV 18
Q 32 3qqW: 0 7-10jets  Yes 3.2 m(¥}) =100 GeV. 1€
’g GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 g tanf >20 1
GGM (bino NLSP) 2y = Yes 20.3 2 1.34 TeV r(NLSP)<0.1 mm 18
E GGM (higgsino-bino NLSP) Y 1b Yes 203 |2 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, <0 1€
GGM (higgsino-bino NLSP) Y 2jets Yes 203 |& 1.3 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, x>0
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |2 900 GeV m(NLSP)>430 GeV £
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 % 10~ eV, m(g)=m(g)=1.5TeV ]
z'ﬂ. k43 g—'bb)(u 0 3b Yes 3.3 m(¥})<800 GeV ATLAS-
E & s—"m 0-1 e, 3h Yes 33 m(¥})=0GeV 7
s 3 3ol 0-1epu 3b Yes  20.1 1.37 TeV m(¥})<300 GeV 1
biby, bi—b¥] 0 26 Yes 22 | EEeGeV] m(E})<100GeV ATLAS<
L8 biby, by —-bv. 2e,u(SS)  03h  Yes 32 |k © 325-540 GeV m(¥})=50 GeV, m(¥{)= m(¥})+100 GeV 1€
§_§ iy, i —b¥| 1-2e.p 1-2b Yes 4.7/20.3 | i117-170 GeV 200-500 GeV m(E}) = 2m(E}), m(F})=55 GeV 1209.2°
'§ i, .-»be, or it} 0-2ey 0-2jets/1-2b Yes 203 | 90-198 GeV 205-715 GeV 745-785 GeV m(E])=1GeV 150608616, A
5 fif, # -t 0  mono-jetictag Yes 203 |7 90-245 GeV m(7)-m(¥})<85 GeV 1
o 3 i (natural GMSB) 2e,u(7) 1h Yes 203 |# 150-600 GeV m(¥})>150 GeV 1
TS 3epn(2) 1b Yes 203 |& 290-610 GeV m(E!)<200 GeV 1
len Gjets+2b Yes 203 |1 320-620 GeV m(i})=0 GeV 1€
brln R, i-»/)(. 2eu 0 Yes 203 |# 90-335 GeV mt?o) 0GeV 1
x,x, ,)(. -y 2epu 0 Yes 203 | &y 140-475 GeV mpr.)=oGav m(Z, #)=0.5(m(¥} )+m(¥})) 1403.5294
- X1X], X oEv(TY) 27 = Yes 203 5 355 GeV m(X,)-O GeV, m(#, S(m(t; J+m(x})) 1407.0350
E § Xu)(&—'fn viy. (), (7 L) 3ep 0 Yes 203 |iLK 715 GeV M )=m(E2), mE))=0, m(Z, 7)=0.5(m(¥})+m(¥})) 1402.7029
B N H-whZE) v 23eu  02jets  Yes 203 }2:,,(} 425 GeV m(¥F)=m(¥3), m(¥1)=0, sleptons decoupled | 1403.5294, 1402.7029
XX —>WX|I1X| h—bb/WWjtt/yy ©€HY 0-2h Yes 203 |0 270 GeV m(ET)=m(¥3), m(¥1)=0, sleptons decoupled 1501.07110
XoX3, X35 el 4ep 0 Yes 203 X‘ 635 GeV m(E5)=m(¥%), m(¥!)=0, m(Z, 7)=0.5(m(¥)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Tep+y - Yes 20.3 W 115-370 GeV cr<imm 1507.05493
Direct ¥ ¥, prod., long-lived ¥; Disapp. trk 1 jet Yes 203 |# 270 GeV m{E})-m(¥})~160 MeV, 7(¥})=0.2 ns 1310.3675
Direct Y1 ¥; prod., long-lived ¥;  dE/dx trk g Yes 184 | 495 GeV m(E7)-m(E})~160 MeV, (¥} )<15 ns 1506.05332
§ @ Stable, stopped z R-hadron 0 1-5jets  Yes 27.9 2 850 GeV m(E!)=100 GeV, 10 ps<r(g)<1000 s 1310.6584
=5 Metastable g R- hadron dE/dx trk - = 32 — m(¥1)=100 GeV, r>10 ns To appear
gﬁ GMSB, slable 7 o5, Are. ) 1-2pu - - 19.1 537 GeV 10<tanf<50 1411.6795
] g- GMSB, Xl—vyG long-lived )(1 Y = Yes 20.3 I’l 440 GeV 1<1(¥})<3 ns, SPS8 model 1409.5542
22,01 | —een/epv/upy displ. ee/fep/pp - = 203 S) 1.0TeV 7 <ct(¥))< 740 mm, m(#)=1.3 TeV 1504.05162
GGM gg, X\ —~2G displ. vix + jets - g 20.3 }f, 1.0 Tev 6 <ct(¥))< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—v; + X, Vy—ep/fet/ut et Ut - - 20.3 Py 1.7TeV  4,,=0.11, A132/133233=0.07 1503.04430
Bilinear RPV CMSSM 2e,pu (SS) 0-3bh Yes 203 q.z 1.45 TeV m(@)=m(z), cTrsp<1 mm 1404.2500
Xixy .)(, —~W)(| )(l —seev,, eV, 4ep - Yes 203 |¥ 760 GeV m(E})>0.2xm(¥} ), 11210 1405.5086
SN VX swh ., erv, Sepu+t g Yes 203 | & 450 GeV miF})>0.2xm(¥5), A;3320 1405.5086
&L 3882449 0 6-7jets - 203 |2 917 GeV BR(1)=BR(5)=BR(c)=0% 1502.05686
32, 244, V) - q4q 0 6-7 jets - 203 |2 980 GeV m(¥})=600 GeV 1502.05686
88, g1, 1y —bs 2e,u(SS)  03b Yes 203 |2 880 GeV 1404.2500
iy, i —bs 0 2jets+2b - 20.3 i 320 GeV 1601.07453
fify, i1 —bl 2eu 2b G 203 | & 0.4-1.0 TeV BR(7, —be/p)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct} 0 2¢ Yes 203 |& 510 GeV I m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new -1 1
states or phenomena is shown. 10 Mass scale [TeV]




Are we leaving no stone u

« The LHC BSM searches are indispensable and should be
continued in the new energy regime and with increasing
statistics.

« But if we still do not see more than a 2 sigma at the end of
run-lIl, the HL-LHC will be likely mostly a precision physics
machine. (Of course we await the verdict on the 750 GeV...)

* Are we looking at the right place? Time for more effort in
thinking of complementary searches

Are we looking at the right place? [} Leave no stone unturned!!

=z :
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Alternative Searches: Ex

e Searches at the LHC Reflecting personal interest...

— Explicit Search for Monopoles (and more) with MoEDAL

— Search for Milli-charge particles: a new proposal
formulated for an experiment, called MilliQan

— In MoEDAL: MAPP (Monopole Apparatus for detecting
Penetrating Phenomena). A proposal for a MoEDAL
upgrade?

— Explore the Lifetime Frontier with MATHUSLA (new!)

— Trapping in beampipe & using the LHC ring for Monopole
searches are discussed later this meeting (tomorrow)

— Searches for new signatures in CMS/ATLAS/LHCDb etc
will continue of course. The 750 GeV? SUSY? Exotica?
Monopoles?...



e MilliQan Experiment Propo




Particles with Milli-Charges? %

CMS search for fractional charged particle arXiv:1210.2311 r
Q=1/3e > 140 GeV; Q=2/3e >310 GeV  (95% CL. dE/dx) |

L.

A “new” idea -> Hunting for particles with charges
~ 0.3-0.001e arXiv:1410.6816

Looking for milli-charged particles with a new experiment at the LHC

Existing Wall

Andrew Haas, Christopher S. Hill, Eder Izaguirre, Itay Yavin
(Submitted on 24 Oct 2014)

We propose a new experiment at the Large Hadron Collider (LHC) that offers a powerful and model-independent probe _
for milli-charged particles. This experiment could be sensitive to charges in the range 1073e — 107" e for masses in the ’i/J
range 0.1 — 100 GeV, which is the least constrained part of the parameter space for milli-charged particles. This is a new

window of opportunity for exploring physics beyond the Standard Model at the LHC.

Existing LHC Detector
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Particles with Milli-Ch

Possible extensions of the standard model of elementary particle
physics suggest the existence of particles with small, un-
guantized electric charge... Milli-charged have been searched
for in some dedicated experiments eg at SLAC.

Eg. New sub-GeV gauge forces ("dark/hidden photons") that
kinetically mix with the photon can provide a promising scenario
for MeV-GeV dark matter.

Formalism used for the study is ‘dark QED’ (Holdom 1986), ie an
extra abelian gauge boson that is kinematically mixed with the
SM hypercharge. Charged fermions in the additional U(1) can
Interact with SM patrticles as though they have reduced electric
charge X
L = Lsm — EA:WA’“U + it (a +ie A + ?:Mmcp) (0
—5 A B (1)

Direct DM via milli-charged particles: eg arXiv:0809.1953



Massless Dark P

O crganizing principbe o probing it fecus on lowest-dimension allowed interetons;
wvector portal, Higg portal, neutring portal

AN ark Secuor

* Run 2 program covers Higgs portal (and neutrino portal not directly
accessible), but what about vector portal?

* Massive dark photons (~covered)
« Massless dark photons, not covered

¢ |f you add a new U(1), get , B Lo ot L
mixing with SM U(1) BW‘“QMBW L=Lsw— BB, —SB"B,,

* Generically, charge

carriers of new U(1) If there are new fermions charged under the new U*(1)
will have small EM
charge, proportional to 1 K . ] ]
the mixing L=Lsm— ZB’WB;W — §B'“VBW + (@ + igp B’ + iMmcp)
e Holdom PLB
196-198 (1986) B), — B, + kB,

e Typically 10°to 103 e,

So they are called _ o . ,
” Gets rid of “mixing term” and generates an apparent milli-hypercharge for the new fermions

*millicharged patrticles
* !:)UG to small EM Charge After electro-weak symmetry breaking DS fermions acquire an EM charge
interact very weekly with
typical, ionization based, Q = kgp cos Oy

particle detectors

* Need dedicated (normalized to charge of electron)
experiment to search

for these




ldea for the MilliQan Experi

* Proposal to add detector that would be sensitive to

milli-charged particles produced in LHC collisions

e With Q down to ~1073e, dE/dx is 10°® MIP -> need r - -~ = — = 7

large, sensitive, active area to see signal, 0(1) PE.

e |nstall ~1 m x 1 m x 3 m scintillator array, pointing

back to IP, in well shielded area of Point 5

¢ With triple coincidence, random background is
controlled

Looking for milli-charged particles with a new experiment at the LHC

Andrew Haas,! Christopher S. Hill,2 Eder Izaguirre,” and Itay Yavin®*

1 Department of Physics, New York University, New York, NY, USA
2Department of Physics, The Ohio State University, Columbus, OH, USA
3 Perimeter Tnstitute for Theoretical Physics, Waterloo, Ontario, Canada
4 Department of Physics, McMaster University, Hamilton, ON, Canada

We propose a new experiment at the Large Hadron Collider (LHC) that offers a powerful and
model-independent probe for milli-charged particles. This experiment could be sensitive to charges
in the range 10™3¢ — 10~ 'e for masses in the range 0.1 — 100 GeV, which is the least constrained
part of the parameter space for milli-charged particles. This is a new window of opportunity for
exploring physics beyond the Standard Model at the LHC.

arXiv:1410.6816v1 [hep-ph] 24 Oct 2014

Existing Counting Room

Existing Wall

_/ Existing LHC Detector

Few slides taken from C. Hill

Contacts: drandyhaas@gmail.com and Christopher.Hill@cern.ch




The PX56 Observation and Dral

UXC55 Experimental Cavern

Drainagé Gallel;y B
Drainage Gallery

* The PX56 drainagegallery was used during the excavation phase of the CMS
experimental area.

* ltlinks the 2 CMS shafts PM54 and PX56 together




Location in the Drainage G
.

e Sensitivity of experiment « length of scintillator

e want to maximize what can fit in dimensions

o Sensitivity of experiment « 1/(distance from |P)2,

e want to minimize this distance, while satisfying above

Optimum (7.7 =
locationinred 7 ekt
=l
—i
\ 1;"” Ly I,)




The PX56 Observation and Drainage
_a

 The gallery has a basic shotcrete finish

............

Only existing use is for
® Dimensions are 2.78 m in height, 2.73 m in width infrequent transit to PX56

e Basic power, lighting, drainage available platform (interlocked during
LHC operation) 8




Location in the Draina
.

e Martin Gastal (and his
team) have been
particularly helpful

e 3D drawings,
surveys, B-field
measurements,
pictures, etc.

e Now have precise
details of location:

e 33 mfromIP
® 17 m through rock

e Angle from
horizontal plane is
43.1 deg

e (Clearance to gallery
boundaries is ~30

mm
R




Testing Background Levels .

MilliQan will look for signals down to a few photo-electrons produced.
(A minimum ionizing particle leaves ~2x10® photons/meter)

Shielding is key. Test background and effect of collisions in IP5 in
underground counting room at IP5 with scintillators during summer 15

Surface Test.Bldg.10 Counting Room, P5

~ Backgrounds are low. Effect of collisions in IP seen (linear dep. on Lumi)
New measurements on the muon background from CMS ongoing this wee“




Simulation of MilliQan (Geant4)

Full detector in Geant4 Millicharge particle simulation

T A A L i L ST D . o e Sk, i el U T
i

* Basic element is a 5 cm” x 80 cm bar pf plastic scintillator (BC 408) + PMT (HPK R7725)

e Arrangedin a 20 x 20 x 3 array

* Supported by movable mechanical structure



Basic Readout and Trig

e Readout via CAEN V1743 12 bit digitizer

e 16 channels
e Sampled at 3.2 GS/s (a sample each 312.5 ps)
e 1024 analog buffer ring (320 ns long).

e Analog noise is about 0.75 mV per channel, allowing good
identification of and triggering on single PE signals

e Trigger

e [f2 of 3 bars coincident in 15 ns window, self-triggers to read
out whole detector

o Completely separate from CMS trigger

e Data will be read out via CAEN CONET 2 over 80 Mbps
optical fiber to a PCI card in dedicated DAQ

e Gompletely separate from CMS DAQ

12




Expected Backgrounds

e Expect 17 m of rock will shield particles form pp collision (except muons) to
negligible levels

e Muons (from LHC or cosmics) not actually a background since will be very bright
(~1M photons in scintillator)

e They will be a small source of dead time though
e Expect irreducible background to be from dark current pulses in PMTs

e ASsuming dark rate of ~1kHz, triple-incidence in 15 ns window reduces this
to ~10° Hz

e ()(50) bkg events in 3000 b

e Expect additional sub-dominant, reducible, backgrounds from activity in the
scintillator, background radiation, and photo-multiplier after pulsing

e Actual background rate will ultimately be measured in situ during beam-off
periods

e Can also measure backgrounds from non-pointing coincidence during beam
on periods.

13



Expected # of MCPs in Milli

i
W i
%k
VL4 Y N
X
—1000 -500 , (gm) 500 1000 1500
FIG. 2: Map of the CMS magnetic field in the r—z plane.
[ ] Use madGraph + mador‘”a to S|mu|a'te 102 Rate of Inlcidence (normalized ‘to g=0.1)
production via modified Drell-Yan oo
10! — qgq=0.1

* Then propagate particles through parameterized
simulation of material interactions with CMS & 0%}
rock (full CMS simulation overkill)

Rate (/ffb!)

® (Used actual CMS B-field map though ol
e Count rate of incidence on 1 m? face of milliQan ol
detector

mMCP mass (GeV) 14




Expected Sensitivity ‘

m
1: | ! L L L ! L LT | .
0.500- Colliders f/’cms{
0.100¢
Q2 0.050F
]
I
w
0.010}
0.005 SLAC MilliQ
0'0001.01 o 010 o 1 ” ‘IU o "”'1'0{]

Mmcp(GeV)

With Geant4, CMS B-field and Bethe-Bloch energy loss!



Next Steps/Schedule ‘

*The experiment is proposed to be
associated with CMS, ie use the cavern
have and some support and interaction

(ie lumi) but be open to non-CMS members
Membership to date:

-5 CMS groups (+ 2 being considered)

-2 ATLAS groups and 1 Theory group
*Request being evaluated in CMS based

on the submitted EOI (April 2016)
*Funding request being organized O(1)MCHF
eFurther studies/developments:’

-Scintillator and PMT tests

-Electronics tests/firmware development

-Online-offline software organization

-Analysis framework set-up

-Real size mechanical model test(?)

-Measurements in situ of the background

-New simulations being conducted with
‘final” set-up...

CMS IN -2016/002

Available on CMS information server

CMS Internal Note

The content of this note is intended for CMS internal use and distribution only

28 April 2016

An Expression of Interest to Install a Milli-charged
Particle Detector at LHC P5

Austin Ball, Jim Brooke,? Claudio Campagnari,® Albert De Roeck,' Brian Francis,* Martin Gastal,' Frank
Golf,? Joel Goldstein,? Andy Haas,® Christopher S. Hill,* Eder Izaguirre,® Benjamin Kaplan,® Gabriel Magill, "¢
Bennett Marsh,® David Miller,® Theo Prins,' Harry Shakeshaft," David Stuart,> Max Swiatlowski,® and Itay
Yavin"®

'CERN
2University of Bristol
3University of California, Santa Barbara
*The Ohio State University
5New York University
S Perimeter Institute for Theoretical Physics

"McMaster University
3University of Chicago

Abstract

In this EOI we propose a dedicated experiment that would detect “milli-charged” particles produced by
pp collisions at LHC Point 5. The experiment would be installed during 152 in the vestigial drainage
gallery above UXC and would not interfere with CMS operations. With 300 fb~! of integrated lu-
minosity, sensitivity to a particle with charge ©@(10~?) e can be achieved for masses of O(1) GeV,
and charge @(1072) e for masses of O(10) GeV, greatly extending the parameter space explored for
particles with small charge and masses above 100 MeV.

Still an open collaboration

Expect to install prototype in
Run-2 but full detector in
Run-3




MAPP
onopole Apparatus for detecti
Penetrating Phenomena




MAPP: For MOEDAL Up

*Same basic idea for millicharges, based on arXiv:1410.6816

But also aim for more general exotica phenomena
Location in the LHCb cavern (Lumi versus acceptance trade-off?)
Different set-up. Different timescale?

. > Muon
=3~ Chambers

X - : Detector N
vertex> I; - Electromagnetif
X mch Calorimigter -
174

Detector ~’
< ' p - v

MoEDAL 'Jf,‘.:';
REGION N

detectoctor

‘ Partlcle



MAPP

Possible set-up Bonus of the LHCb area:
SMOG: gas fixed target project
Data exchange with LHCb?

To search for penetrating

. . t K fact
phenomena including o e o

air(N2,02,CO) 1.0

(but not limited to) Y 04
those that are generated K 05
by the SMOG fixed target Ar 038
program at LHCb - 24
SMOG: for m < 50 GeV e .

and O(pb) cross sections = -

Studies required:
-Acceptance/sensitivity (simulation)
-Background measurements For discussion as a possible
-Dark current limit to detect small charge Upgrade in MoEDAL
-Detector performance estimates

~ Contact: J. Pinfold




MATHUSLA
Massive Timing Hodoscope for
Ultra Stable neutralL pArticles

Methuselah is the man reported to have lived the longest at the age of
969 in the Hebrew Bible. Extra-biblical tradition maintains that he died on
the 11th of Cheshvan of the year 1656AM, seven days before the
beginning of the Great Flood. Wikipedia



MATHUSLA

John Paul Chou*

David Curtin'|

H. I. Lubattit|

(Dated: June 22, 2016)

arXiv:1606.06298

200m

New Detectors to Explore the Lifetime Frontier

Department of Physics and Astronomy, Rutgers University, Piscataway, NJ 08854

Maryland Center for Fundamental Physics, Department of Physics,
University of Maryland, College Park, MD 20742 USA

Department of Physics, University of Washington, Seattle, WA 98195

contacts

100m ! t20m Surface Detector

(side view)

(a)

70m

O

A new paper last week:
A proposal for a large area
surface array to detect ultra
long lived particles coming
from the pp collisions

Aim to cover the range
cer <107 — 108 m,

~ BBN constrained inspired

Possible detector

: (top-down view) :

= above ATLAS or

surface array eg

CMS:

2

*(200m)?

(b)

*8 x (70m)2




MATHUSL

Possible technologies for the detector

Sensitivity

SM decay Passing

| produie / o parlety Benchmark: exotic Higgs decay in
> L long lived neutrals
"' / — mx=5GeV — my=20GeV - mx=40GeV — MATHUSLA ... ATLAS
/ (4 events) (exclusion)
’ ‘“‘[‘f}:’ ® @ = detector hits
0.100
. g 8
scintillators 5
0.001|E _
< = 10 £
x’.‘ = _1 3
§ 1075 -E o E
SM decay Passing @ E .10 TS
products SM particle(s) RPC lavers o E 10-2
o/ \ y 1071y ' s=14Tev| 2|
S 3ab™’ o810
20m \/ Air \ 1ol | | — 1, o
. / R 0.001 0.100 10 1000 10° 107
invisible :‘ 200m ct (m)

it RPCs

No detailed design yet. Guestimate for the cost ~ O(20) MUSD



Summary: Exotica Searches .

The LHC has entered a new territory. The ATLAS and CMS
experiments are heavily engaged in searches for new physics.
No clear sign of new physics yet in the first 20 fb-! at 8 TeV.
The ultimate test start now with 13 TeV and higher lumi. By
mid summer we will know the fate of the 750 GeV bump

Of course we (also) want to see signals in MOEDAL,
monopoles or other

It is certainly useful to prepare for alternative searches with
dedicated “smaller” experiments. A few examples

« MilliQan: dedicated search for particles with S

 MAPP: discussion for an upgrade for MoEL
« #T‘

« MATHUSLA: Ultra-long lived particles
e Using Beampipes/ LHC ring discussed latel
Maybe one day soon:







