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n ArjoNeuT
and fufwe LAr TPCs

POND?
Roni Harwik

Work with Zhen Liu and Orunella Palamara
Com[wj very sook fo an arxiv near you.

see also - Yu-Dai s talk )Crow\ Tasharalay and work with K. Ke”y.
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Mu“‘i—-?ur?o:—e Detectors

HPgTPC 3DST

LArTPC ECAL
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Key:
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Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon .

Silicon
Tracker
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i )ll' Calorimeter

Hadron Superconducting
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Iron return yoke interspersed
Transverse slice with Muon chambers
through CMS oo uy

V

D Barmey, CERN, Februauny 2008
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Mu“‘i—-?ur?o:—e Detectors
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D Barmey, CERN, Februauny 2008

Extra dimensions

a: v

Excit. ferm.. New quarks

Other

LArTPC

" Large ED (ADD) : monojet

Large ED (ADD) : diphoton

UED :yy + EV‘M

RS with k/M_, = 0.1 : diphoton, m,,,

RS with k/Mp, = 0.1 : dilepton, m;

RS with k/Mp, = 0.1 : ZZ resonance, my,
RSwithg  / .20 : tf — l+jets, m

ADD BH (M2 TM=3) : multiiet, 5p_, Ny,
ADD BH (My,, /My=3) : SS dimuon, Ny, 5.4
ADD BH (My,, /M,=3) : leptons + jets, Zp
Quantum black hole : dijet, F, ("'u

qaqq contact interaction = (m )

qqll Cl : ee, un combined, r;'lH

uutt Cl : SS dilepton + jets + E s

) TssMZim,,

" Scalar LQ pairs (f=1)
... Scalar LQ pairs (f=1) : kin. vars. in uujj, uvjj
4" generation : Q @, WqWq

4" generation : J‘U — WbWb
4" generation : d d,— WtWt

New quark b': bib'— Zb+X, my,

= o

o s e TR
Excited quarks : dij

Excited electron : e-y resonance, m

Excited muon : u-y resonance, m
""""""" " Techni-hadrons : dilepton, m”,:;

Techni-hadrons : WZ resonance (vlll), m,

Major. neutr. (LRSM, no mixing) : 2-lep +jéls
Wj, (LRSM, no mixing) : 2-lep + jets
H;* (DY prod., BR(H*~uw)=1) : SS dimuon, m _
Color octe‘l scalar : dijet resonance, my
Vector-like quark : CC,m,q

*Oniv 2 colartinn nf tha availahla mace limite an naw ctatae nr nhanamana chawn

-—

HPgTPC 3DST

ECAL

T T T T T T T T T TTIT

Mp (6=2)
DUNE

Mg (GRW cut-off)
Compact. scale 1/R (SPS8)

f Lot = (0.04 - 5.0) fb"

1s=7TeV

Graviton mass
Graviton mass
Graviton mass
KK gluon mass

A (constructive int.)

L24.9-5.0 5" (2011) [ATLAS-CONF-2012.007)
L=1.0 " (2011) (1108.1316]
L=1.0 1" (2011) [1112.4828)
L=1.0 " (2011) [Preliminary]
L=1.0 10" (2011) [1202.3389)
Let.0 15" 2011) (12023076]
L=1.0 15" (2011) [Proliminary]
L=2.0 1" (2011) [Preliminary)
L=1.0 15" (2011) (1109.4725)

221Tev. Z' mass
215Tev. W' mass
ss0Gev 1" gen. LQ mass
sssGov 2™ gen. LQ mass
350Gev. Q, mass
404GV U, mass
480Gev. d, mass
400Gev. b' mass
420Gev. T mass (m(A ) < 140 GeV)
q* mass
q" mass
e" mass (A =m(e"))
u* mass (A =m(u*))
pfooy mass (mp, /o) - m(x,) = 100 GeV)
p_mass (m(p.) =m(x;) +mw,m(&,) =11 m(pr))
N mass (m(W, n) =2TeV)
Wy mass (m(N) < 1.4 GeV)

Scalar resonance mass
Q mass (couplingkqq = v/mg)

Q mass (coupling k,q = v/mg)
‘r‘ l'giqnll'l“ollll 1 I

107 1 10 10°
Mass scale [TeV]

‘*
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Mu“‘i-—?ur?os-e Detectors

0 A broad menu of searches s (oeiwj developed
for LAr near (and far) detectors. M‘”"y

covered tn Hhs workslf\o{?.

O di-lepton resonances.
0 Jisplaced oleecays
O oo potfous

o m[”[cl«arjea( particles




N\i”i—-CL‘arjea( Particles

O A very stmple model:

L= aparticle with charge ‘.



N\i”i—-CL‘arjea( Particles

O Even l.)L you don’ t [ike such fracfl.oma{ cl«arjesl
(fs 2asy to start with l'mfeger cL\arjes and 3@1‘
mi”i—cl«\arjes. Start with 2 sectors:

Qur U('{)EM awoz%er massless U(7)’

/
+ our matter + matter



N\i”i—-CL‘arjea( Particles

O Even l.)L you don’ t [ike such }Cracfl.oma{ c[mrjes/
(fs 2asy to start with im‘eg@.r cL\arjes and 3@1‘
W\l.”l.—-C['\aYg-QS. Start with 2 sectors:

[fuaa\/y farh’c{u C[mrjm( under both. W

/
e Fu F 1

Our U(1)em another massless U(1)’

/
+ our matter + matter



N\i“i—-Charjea( Particles

O Even 10)5 you don’ t [ike such fracfl'oma{ c[/\arjes/
(fs 2asy to start with iwf@.jer charjes and 3@1‘

I'V\l.“l.—-C['laneS. Start with 2 sectors:
A~

Luaavy particles clmrjea( under both. W

b

< FuF P 11 After we diagomalized

: Qveryfl/u'wj/ matter
+ our mattfer Fl.Cl(S MF a clz\arje of £
' under our EM,

Qur U(’()gr\/\




Outline

O m(CP froo(ucfl.om

O mCP luteraction

O mCP {?rofajafiow Haroujl« matter
O  mCP Detection

a Au mCP search in AY?ONQMT
0 IW\F“CGILI.OMS )Cor the DUNE ND



Production

O mCP are Producea( i abundance (v protfon

nteractions: mesom a(ecay and DY,

o---n
Y < g) / K
B

Target

'_/_’
/X sketch Ey Yu-Dai

O Cousider ArjoNeuT: A Swall CAr TPC v NuM/,

~05mx05mxTm 102 PO0T



Production

Milli-charged particle production 10%° POT 120 GeV

[ [ [ T 11 I I 13

5 L E
5 - N\ N
(@) = ' -
& 107 E=========SZszD===sE=l — N .
;E’ ? """"""""" ‘:><<; _____ p
% 104; _____ W é
& 2 :
8 B 6
10'E 5 . TTETRT JIy =

" = e=10" E
DY °
10_2? l l Illlé
1072 10~ 100 10

m, (GeV)
’V\awy rmany mCPs!!

thawks Pythia.



005, |
% 0 04; ' from 7t decay from w decay |
= / m, (MeV) m, (MeV) -:
ur* 0.03 i <20 <100 |
) N ——=20 1 Woos /0N |
S T \ |
© 0.02 so s /N |
2 X~ T - 60 |
= 0.01f |
0.00k . N :

0 80 100 120 20

T T T

Prod

1/0 do/dE

from Drell-Yan
m, (MeV)
<500

T

mCPs froduceo‘ {ooosﬁeo(/ w/ energy ~ 5- 50 GeV.

thawks Pythia.



Mi”i-CL\arje |nteractions

a What do l'\/\l.“l.—-CAa)’jea‘ do (v matter?
O Same as c[fnarjea( f)ar/'l'cfes. low[ze/ Scintillation...

O Buf Hmey do it tn " slow motion .

Most " hits  are Soff.




Matter Effecfs

O Eu route to the detector, mCPs travel forouﬁl/]
500 meters of dirt.

0 A random walk of soft Scah‘er{sz (of £ nucler)
(2ads to small ahjufar a(-ef{-ecfiom

average deflection sqrt # of
Aby ~ (0)V Neol = por collision. o lsions,

~2x 1073 5 GeV ( € ) Lagirt Y2
E, 102 500 meters

The mCPs point back to the tarqet.




De{zec{'iMj mCPs

Ajaih/ most  hits are Soff.

Lower threshold ts better.
How low can LAr 30?

12




Demonstration of MeV-Scale Physics in
Liquid Argon Time Projection Chambers Using ArgoNeuT

0 50 100 150 200

Detection of
de-excitation yS

Charge

and neutrous.

0 ' 50 100 . 150 200
Wire

find a detection efficiency of 50% and energy resolution
of 24% at 0.5 MeV, and an efficiency of almost 100%
and energy resolution of 14% at 0.8 MeV.

arXiv:1810.06502v1 [hep-ex] 15 Oct 2018

see also Nov 30th wine and cheese talk foy [. LQF-QILI.C and Palamara’ s talk om Frl'o(ay.



mCP Sijwal h Arjol\leuf

—2\ 2 min
(B = ! — (10 ) ( i ) 1 km.
ZNgero (FZmm) € 1 MeV

for e=T10% 1 1n 103 mCPs hit once.
T n 10 mCPs hit twice.

(recall, for e10°% we can

have billions of mCPs)

\

Double hits Po[wf back to farjef:

detector




mCP search in ArjoNeuT

O For ArjonT’ s 10%° POT run, most events
were ,mefy fmwuas” (no neutrivo).
A )[Jaw x 10°

0 Com/‘ro{ Sal’V\F{Q — Sl.jwa( Yle.OM.I

0 Of empfy frames:
12% had one Me\/ hit.
About 17 had fwo MeV hits.

A M Eaijron(.
Orders of w\ajw'fua(e more than v BG.



T vs 2 hits

O Excellent Sfafl'a{ resolution = BG can be

reduced (oy mc,w'riwj a([jmmem‘ with farjef.

detecto

ln gotng from 1 to Z hits, BG

can be reduced Ey 10° or morel!



ArjoNeuT Sewsi/'ivi/'y

| MiliQ@sLAC |
20 _ ArgoNeuT@2hits B
- ArgoNeuT@1 E
- | | | | | | II| | | | | |- II| | | | | | L 1 1
10’ 102 103 10%

m, (MeV)

An ArjoNQuT ama{ysis (s um{erway.



How will this scale for

DUNE ND

7



Production in DUNE

Detector is a bit closer.

Dl.f)LQY-QWL awjufar COVQYan.

Milli-charged particle production 3x10%? POT 120 GeV

1016 [ [ [ [ IIII| [ [ [ IIIII| [ [ [ [ IEE]
E\ — ]TO E
o 108 F n -
Z e ————————————m————m—, 1 =
R Sttt N —n
_5" 1010; _________________ &\ ----- o, 3
© —
()] = =
=4 e mmmame T = W
3 3 E
g weg T ¢
" s T Jy =
= e=107% =
104% DY 4
II| | | | | I A | |
1072 1071 100 10°

many many mCPs!



BG at DUNE

0 Two beuchmarks to scale BG s to DUNE:

1) ArﬂoNQuT rate x volume factor.

2) AY?ONQMT rare x VO{MW\Q X POT (beam related BG)

30 — BOO [/\l.{'S ]DQY fral’\/be ..... plus a few neufrino events,

(107-107° total hits. a vary Elj Eaijrouwo(.)

O [u our FYO(}.-QC{'I.OMS we show bands that cover the
range of these fwo benchmarks.



BG at DUNE

O Note: the number of Fal.)’S of hits scales as n?.
That 1s 500-50000 pairs per frame.
D[w\{misl/u'mg refurns for 2-hits?

O But: The amgu(ar distribution may be a handle.
statistical BG uwcer{'a[wfy. B — /B.

O Buf, occupancy may be reduced with Hm[wg

uS[Mﬁ ([3[41‘. Say Ey a )CaCfor of 100.

We SILMO(y the veach )Cor Hhese 3 OFILI.OMS



Pro(j-ecfioms for DUNE

DUNE@2hits
Dashed:Bkg scaled from ArogNeut
DotDashed: Bkg reduced by calibration
ISoIIid: timing| enhanlced |

[ 1 1 1 I 1

107 10°
m, (MeV)

104



HP Gas Detector
0 The HP?TPC will have lower threshold.

. 1
A(Eminy) = |
) = uo (E)

(ower [41.3[412)’

Sijhaf rates v HPjTPC are
f’aramd'n'ca“y the same as LArTPC.

O Buf {oackjroumds may be (ower....



Off Axis
The soft hit (oackjroum( rmay be beam related
and nduced fay ckarjea( plows. 'V\ay be Focused.
The mCP beam is wide.
Gofmg off axis may 2nhance S/B.

MicroBoone and [CARUS may be l'o(ea”y [ocated
off the NuM| beam.

DUNE PRISM for (BNF
AW“U Fo a broadest of models (see next talk!)



Dedicated mCP Reconstruction

O A dedicated Q;[forf fo reconstruct ”faimf
Fracks” rmay allow to lower thresholds.

0 Standard awa(yses start (93 ia(%fify[hj [ocalized
hits above wnotse f{oor.

0 Lookfmg for an excess above notse a(omg [(nes

may allow to t'wfejrafe notse dowum.



Conclusions

a The ArjoNQMT demonstration of SQMSI.ILl.Vl.fy fo
MoV depositions enables searches for new

Flfnyﬂ'cs.

O Can sef new [imifts on mCPs with exifiwj data

usfwj double hits.
0 lmferesz‘img Prospects for the DUNE ND,

PONDD INDEEDD,
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