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* Performed GEANT4-based MC simulation for reaction efficiency.

Doubly strange cascade hyperons are experimentally underexplored.
The CLAS12 very strange physics program aims to study the

10°

Forward Detector:

. . _ (0] o s . . —— .
electroproduction of these states. The reactionep — e’ K*KtK™(A/ (5% =6 < 35%) - o « MC tunning was performed by measuring known =~ (1320) width as
20) is studied with electron-beam energy of 10.6 GeV using CLAS12 e TORUS magnet el a function of the momentum smearing factor to derive experimental

gy g ;
RG-A data. Scattered electrons are detected with either the forward e HT Cherenkov Counter resolution.
detector (FD), covering a polar angle range of 5° to 359 to study o Drift chamber system e S K g o : ¢ =77(1820) state experimental mass resolution inferred from MC.
. . . q 20 cryomodul 2
electroproduction, o:(r) with t?e forward tagger (FT) covering a polar e [T Cherenkov Counter cryomodules 10 |
: ' Add 5 e e
angle range of of 2.5 to 4.5 to study quasi rea.l photoproduction. Thg . Forward ToF System P cryomodules Wi ol L L - L
CLAS12 detector with spatial coverage of a solid angle of nearly 41 is . S sl + Moan Bs2E0001 | S GO N Yean 1410
: :  Preshower calorimeter < €] 2 04696:20. 2 ool ' |
used to detect charged kaons in the final state.A/X0 hyperons are E M calorimeter (EC o 10° 2 2000 g "t
; T-1-% ' ¢ £ ¢ £ 4000
reconstructed using the missing mass technique to explore -M. calorimeter (EC) o Lot R L B O S S 5
. . p— sk — . — " 0.5 : : : ’ : : : : : B . . . . . . . . . . . o - 4 o 3000—
intermediate double strange hyperons (E*~ ) which decays to K~ and Central Detector: b (GeV) o8 ”M:;’Ge’\;) Mo s E -
A/X0. No statistically significant 2*~ was found in e’ K" K* missing (352 < 0 < 1259 — Y i ] ] - oo
. . . » D iy ; 500— Aw 000}
mass spectra in the FD acceptance only. Upper limits on the * SOLENOID magnet NENAY * Kaons detected in FD (57 < G+ < 357) - : L mr
. . . — . /28 el . . . O b o™ L | Tt e b e L ol Y T S
production cross section for the reaction ep » e¢’KTKTE*7(1820) is e Barrel Silicon Tracker | T s PHE « DC fiducial cut ’ (e ) [GaV/c - - (KK [oV/c?]
being investigated for low-Q4 and high-Q* electroproduction process. . Central Time-of-Flight ] N c 04< IIJB gt < 10.?504 GeV 618200 = 46.96 MeV (FD-e) O --1820)= 55.22 MeV (FT-e)
’ e 04< f,+<1.0
Upgrades: K
' * 10 < v <1lcm ep > e'K*K* 5°-(1820) > e'K*K* K~ (A/£0
- » Micromegas (CD) y/lh K . P (1820) (A/20)
= : 7 / * Momentum dependent vertex time cut
2 Particle J - Overall status « Neutron detector (CD) /
= = 1 kokok ok
2| E(s20) 57 * RICH detector (FD) AL ~ MissingMassSpectra ~ Signal yield/Statistical significance
Q) — T
S| Z(1530) 3 ok
Al E(1620) oo - Forward T FT, MK M) = 7*~(1820) fixed u/c ) + C*[bcl
3 =(1690) SR orward Tagger (FT) - . oot B = gaus( =" ( ) fixed p/c ) + C*[bck]
() — 0 0 % 500 Yield1:935£54 data-fall2018-out-fde % — Yield1:467:98 :?’ﬁij -
ﬁ— =(1820 3~ $ %k 5k (2 <0< 5 ) V. Burkert et al., Nucl. Instrum. Meth. A 959(2020) 163419 S | w1:1.3385:0.0015 S BO‘E— "“_1-3344*0-0051 i +++’T+”TW o
£ 5 o Q 400 01:0.0246£0.0015 & 700 01:0.0482£0.0071 w + MM(eK"K")
A 5(19 50) Q ookok g ~  Yield2:-206146 +'T+ g s0o_ Yield2:263£75 +++++ ~ 50 S
't-'t;_ ? = 3 300:— mu2:1.5483£0.0056 TT+ +++++[ 3 é_ mu2:1.5617£0.0067 | | #,.++++ 0O ~ e 5%;-,., out
© 5(2030) g P§" rE _ M + +T+}++++++ ° jzzi oHDasIREn00 S ,*-'*'TH All d onlv si 1 g - FD-e X2/Ndf: 0.99 o
g = —+ . . . [ x2INdf: ¢ E x2/Ndf: 1.06 1 ! ° owed on signa 40— ar: 099,
o S 5 E(2120) 2 * * Electron beam:: 10.6 GeV and 10.2 GeV Longitudinally polarized Ty o N Y 519 S \ Obe:t67.42 2 11.30
_ 2 :(22 50) * xk sl 200/— S streng th to fluctuate 2 - ‘ p:1.8230% 0.0000
s : = — . electron beam from CEBAF - FD-e = P FT-e i1 the fit S 30— # 0:0.0470 % 0.0000
B == ] =) etauasat e - 1n the 1it. Q - Excess: 2.14 + 13.18
T S T S S 9 :(2370) ° Beam Current:: 511.A tO YSD.A. 0 'o!e' ' 'o{s""" '1| - 8 2 '2!2' | '2{4' 0% 0!6‘“ LoJ.-s T2 4 e I1?8l l lél | I2!2I ' I2!4I © L -
it 3¢ 5t ot 0 :,(25()()) * . . .. MM(eK*K*) [GeV/c?] MM(eK*K*) [GeV/c?] ° Implemented 20—
= T T3 3 * Target :: 5 cm unpolarized liquid hydrogen (LHZ2) target masximum lo -
= : ; : - -
* The Superconducting Torus and Solenoid Magnet for tracking . E-(1320), 2~ (1530) clearly visible (First-time seen from likelihood ? \ = -
* There are many more predicted Cascade states than we have seen  Forward Tagger on to detect electrons and photons at a ver " S Y S ikelthood ratio (A = o
. I g9 eete P y electroproduction data) in the MM(e' Kt K*) distributions. max(LX/HD) \ oo : 4
experimentally. forward polar angle of 2° to 5 o I+ 1 = A bt Tagn g max(L(X/Hy)) ) test to A ki ARE A

o ot ’ * Smeared A/X0 visible in the MM(e' K" K" K™) distributions. 0 16 18 2 22 24
* Address the “missing baryon " problem.  Background modeled with event mixing technique determine 95% CL- MM(EKK™) [GeVieT
» Validate SU(3) flavor symmetry of QCD. 2exg , Sven g tecmdgue. boundaries for small MM(eK'K")

: : * Fit uses Gaussian convolution with polynomial Bg. Template. o E—
 Advance QCD to understand the physics of the early universe. K KE™ (1820) signals over a & F T
ep — e Ol > 80— i
_ _ MM = gaus(A) + + C*[bck] background. = | FT-e Sba:31.0767 £ 2.5680
E* (182 O) — K (A/ZO) . . g B Bg:22.9160 + 21.7119
* Test Statistics (TS) =- & :1.8230+ 0.0000
’ . . . MM(eK'K*K") — — MM(eK*K*K) 21n A 5 L Yooss:6.1606 £ 2.9260
[T T T I T | 7 17 1 l LI S I ] T = ('o') """""""""""""""" g ¢ Scattered eleCtron e deteCted ].n tWO dlfferent reglons NQ 4SE g? 13112.;5;536(132 NO =T %2/ nat 118.3/53 n 8 40_ —
o 3 B . . . S = pg 0.02016 +0.00240 | 5 - g? Jod0x318 . . o
- .F. Biagi et al. Z. Phys. € 34, 175 (1987) g [ —a e {2 e Low-Q? region to study quasi-real photoproduction - ¢’ detected 2 LE W 7 Js00z021 g ek oustisong || ’ e Statistical - %
— wiis o T e g '[ 15 : : g > O e Sk woieom | B GRS - N /-
l . I |2 in the FT system which covers a very forward polar angle range S a5 || dioome | S 40 i e voms | Significance in terms 20— pas + n
i R 3 f20 to EO € 9 FD-e 2 swiiiine | S [k | ’ 0T IFT-€ of o = +VTS N - +
v | 520 o L 13 Niomment 1% 3 ore 1097 . , . 8 st S ¥ A M ’ﬂ‘ ) HH ] - /Y T
% I t L 3 ] % ° ng-h_Q reg-lon to Stud-y- electroproductlon -e detected in the 205_ 20: | k ‘ ‘ . H ’ : :‘ i forrens | l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
b [ - ) b w0 4 > . = ‘ — . - ! 1 1 1 1 1 1 1 1 1 1
5 -l J B £ FD system which covers a forward polar angle range of 5° to 35° 15 iw : LA + | H | H‘ + " " ’ MM(eK K [Gevic?]
@ : g | = : s - iy - i e eV/c
5 : E b : * Charged kaons detected in the CLAS12 detector (FD) in 10 : pid h + wﬁw
‘ = 1¢ . . = PEIE Sy SVTTRTRY FCAME LR i
" g e = coincidence with scattered electrons. : ke sl IR T 7 ﬂ: R AETURSPLT LAPY L {ILELY/V/S S W B
- @ . . 02 T 08 1 12 14 T MM(eK*K*K") [GeV/
{WH H(10LM) % _ [ 1255 Evens 13  Analyzed Fall2018 and Spring2019 data. Total six data sets analyzed 002 0408 0B KKK [Gavicr (KKK [GeVicT
h 1 3 ol 16 with FT/FD electron separately .
- c: - — w
1WJMW 2 ol 1 é i 4.0 -
1 P N N S | | PR DR | I TR B N | I ] | L% ] e - L R X ] g Q 0.208 ) = ’g 2.0 % | e
1.8 R e.2 2.4 © (l\%i‘slsing‘h;l;:;‘s‘)zk (Ge\A//c62)2 - FT—e o _ ., il te e i W‘
_ + - 9 S %9, 2|5 3 4|5 5.0
M(AK?)(GeVi/c2) Kp->K"(X7) < T B S o S 0., (deg) R ——— nmo+Bg kv c el . .
<& 3.60 3.80 4.00 4.20 4.40 . e s > sl " B om0 . Mising (Bg) * Converted 95% upper-limit yield to upper-limit on the cross
— o 0 L L o~ = +— Daia_failz01s_out_fde E — ~ " Weighted Bg. From MM(eK*K*K’) Fit . . —_— —_
e Used K~ beam on low-sensitive hydrogen bubble chamber W (GeV) | 3 — =5 2w " Wighoanto o oK) section in FT-e Q4(1072 - 0.3 GeV?) and FD-e Q2 (1071 - 0.6 GeV?)
. o . . R 10 = w0 11:1.1294%0.0032 - S — | . . . . . .
* SPS charged hyperon beam at CERN studied =~ N interaction. : - 2 o oo € uf 1 range. Our preliminary result for the upper limit cross section is
* Kaon production using MPS at BNL claimed multiple = states. o - : . R oy 8. S ol %J( | | + extracted to be approximately around 2 nb and further work to set
« CLASG6 photoproduction data showed Z7(1320) and 27 (1530) —g fD-e o e | [1:07, 1.25] 15 | TL:H; + s on the production cross section of the reactionep » ¢ K*K*EZ*~ as
< s 7 T b AL BT s + T4t functions of £*~ mass is in progress.
16 - : : = : -~ 2_ o 85~ 1 . /|\//;(eKI* }lfK") ['G ;w'c;r 55_ + ii R 2 = +i$i i j:
] 11 @ LA 1 1 ol ity IR — | | | | | | Iq:_l%_ i _*
6000| 14 R CRAS T o o5 Do 1t mo 2f o 30 €0 f2 mo o EResEee® S X 2 22 24
|

NIE™(1320)] ~ 11000

I I I 1 I T | 10 ‘ \
|-| MM(eK*K*) [GeV/c*
50001 { = 121 L i) 0. (deg) : : . : : o
= oo PRI L + Used maliplo techniques (Bvent Mixing, Sideband. Fitweishing) o | Summary
4 - N[E™(1530)] #2500 1 — - .
o | a7 oy {_LI_ model background shape.

|
|
3000} 1 '+l+‘ L1 80
& n H I O — N0 +Bg.Ev.
s : -L -L J- _ S : R
L 1 KK ) () 70_— L Bg..From SB Ev. (Bg.) ot . . . . e .
1000 ,_Iﬁ:‘ O g = oF % J( Wighed O From MK K'K) Fi  No statistically significant Z*~ (1820) signal was observed from the
G -~ p— Q 50; p1;1.1185:o.0063 — ALy :— .
R F I T e P ¥ =*(1535) s o omens ) | FT-e 2 J( + + passl data using CLAS12 Forward Detector acceptance.
S o | g EY2:103t34 — o o o ,:,_* . . o
MM(K*K") (GeV) 2 '-i:I_' ,_I_,'—I—': s s | § v + S % JFJV . E.:stlrpated upper limit on the =" (1820) y1e1c.1 usmg max1mum log-
(0 A . . . * Jetferson Lab CLAS Collaboration . o T ﬂUL + likelihood ratio test method for counts and fit statistics.
2.4 2.6 2.8 3.0 3.2 3.4 * Florida International University . 00,1.297,,- + S A RRE Y ++ * Upper limits on the production cross section for ep —
\/5 (GeV) . . ! ’ > 20:_ +—.— $ :# I 1+ 17+ = *x— . . . . 2 . 2
* This work is funded by DOE Grant DE-SC0013620 o . . . of |t Tt | e’ KTKTE"(1820) is being investigated for low-Q“ and high-Q
J. T. Goetz et al. Phys. Rev. C 98, 062201 (2018) eI oiﬁﬂﬁ. Al I R R .+ 1+ f_fi electroproduction process.
1.6 1.8 2 22 24

MM(eK*K*) [GeV/c?]



