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2.2 ATLASOO
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2.2 ATLAS % 2 ATLAS %5
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$ 5.1: doublet >T¢ At h QUBO

doublet model pxzZ<wvep QUBO >~"Rb"{

(1) hit ws¢ A
swZc°aefUpxz jj<1lO0w-—-tv "0A&ds©i->ee0f\exzjgUA
whSzdJwom=whSttcxlé¢g—-tv "h6TR>&@0hSpK”"{thz
jj<10p~"\gpzMeT ' aiAOR;O-—-teeX'Os {>tVz {t t-.
"¢ AUTec—-t Te"\g>A{"oM”{*tzdIJwom=whSz% a
{ U%aUt 271¢AZi""hduz 1T¢Aw >0 wigAx_tbh”"{

(2) doublet wWAR~8¢ A
(1) p'lhi¢gAs; Mo doublet WAR>a O{ doublet xz U° °w—=tK"T¢

A% e>A*\gp"Rb"{"R"h doublet t0 0z 51pOb8§¢;A>TZ"{

(3) doublet wOZw~A"R~8¢ A
(2 p’lh doublet ([o doublet wOZ>~Rb”{ doublet wO7t0 oxz™ 51p
Obs¢A>TZ"{

(4) QUBO W"R
(2)(3) >éa h doubletzdoublet wO7>;Mo QUBO >"Rb"{

doublet model p; M2 &Y "»>$ 52 $53 $54t0b{
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51 QUBO wf 5 2C”e@i-U%>:MhY?{ w {6iR

$ 5.2: doublet waidVy”»w [

$ 5.3: connected doublets waidY”»w [

$ 5.4: unconnected doublets wa &Y "»w [

QUBO x 52 -ptib"MOt'lo7&=>e&loM"{7&=™Mw74$s doublet,doublet
wOZws8,AwUE>" 51t0b{
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5.1: doublet model p;M”§¢ A

I LHC HL-LHC
doublet Nholes 1 1
pr Layer Jqw§¢ A < 075
Zo[mm] < 200 < 275
Layer Jqw§¢ A -
ii <11 -
connected doublets PT ovter > 0:2 > 0:75
1y <20 103 -
<01 -
unconnected doubletsy PTirer > 04 > 0:75
pTouler > 0:4 -
pTinner pTouter > 0 > O
) () <20 104 -
(i mid )%+ ( j mid )2 0.05 -
pr q wAls§¢AwUEqQ™ 529 53tOb{\\pz aw Niayer X doublet >
Rb” 2mwi¢gAweze tK"T¢AU?2UetK"T>0 oM {
_ . - 5.3 w8¢AwUE
52: pr w8, AwWUE
- N UE
NLayer UE Layer
1-4 < 1.0
1 > 0:2
5 <03
2 > 0:3
6 < 0:2
3-7 > 04
7 <01
Ziwg¢Aséa 'lh doublet >;Mo QUBO >T™b”{ doublet PA¢cw QUBO >{
V< hw> (5.) UtOb{
X o PN PN
H = aiDj SiJD iDj Wij DiDj + ij DiDj (5.1)
i i j<i i j<i i j<i
WpzZE%H°0x mw doublet tTT"O " pK*zun doublet wx”"¢w: H; >;Mo
(5.2 Uw*'Ot [b"{\\pxz doublet t te"x"¢w:U—sMMUBE¢2”"U<
U“sbXs”' Otf “oM"{
8 = Co(H; +1)° (5.2)
E%HEOxmeoM” doublet wOZztTT"O pK*“z (53 z(54z(5.5 Up [~"{

\\pxz doublet wOzU XY @pApUUXz RZ @pUCtUMMU=BEg2"U<U
"Otf oM

Sj = CefCi(1 PR™)+(1 CH Py *)g (5.3)
p
(i mid )2+ ( mid )2
P, = d c j d (5.4)
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(7)1 (gai

Pl = =R (5.5)
E%H~0xT¢A>% b” doublet WO 2tTT" O pK“zUE>-h h®%t0 0
(5.6) Uw'Ot [b”{\wo<zH 0q% 7tz XY @pApUUXz R-Z @pUct
UM,reEga"U<U” Ot oM”{
(Lo ()
Wij = CifCye ""Cr +(1 C2)e ¢ g (56)
UE>-hAsTIhO%t0 ox°ot CoWOECAY>)QOM " {+hzE%H>0xs
te4:>7 b doublet wOzwopK“z (5.7 Up [b"{
i = Cu (5.7)
LHC zHL-LHC ¥tSMob;b"TaY"»woZ<w™ 54t0Db{
~ 5.4: doublet model tSZ"T&aVY"»
[aY”"» LHC HL-LHC
C 1.0 2.0
C, 0.8 0.0
Cs 15 0.7
Cy 2.0 0.0
Cs 2.0 2.0
Cs 0.5 2.0
C, 1.0 0.5
Cs 1.5 0.4
Cy 1.0 1.0
C1o 1.0 2.0
Ci1 5.0 5.0
5.1.2 triplet >T¢ At h QUBO
itz triplet >T¢Atf “h QUBO b Ag¢ (tripletmodel) tmMotib”{$ 5.51 triplet

PAcw Y” $>0Db{

$ 5.5: triplet >T¢ At h QUBO
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triplet model pxzZ<wvep QUBO >~Rb"{

(1) hit w§¢ A
doublet model q% 7tz w--w§¢Aq double hit w_ 158 Of

(2) doublet wAR~§¢ A
(1) p'thigA>;Mo doublet WAR>2 O{ doublet xz U° ow—=tK"T¢

A% ce>As\gp*Rb"{*"R"h doublet t00zx"¢cw:p8¢A>TZ"{

(3) triplet wAR~8§¢ A
(2) p’lh  doublet ([o triplet >ARb"{ triplet t0 oxz XY @pw 2 qR-Z
Bpw P8eASTZ

(4) quaruplet wAR~8§¢ A
(3) p'Ih triplet >([o quadruplet >ARb”{ quadruplet t0 o<z XY Opw
(&) aS(T;Tj) p§eA>TZ7{

(5) QUBO w”R
(3)(4) »ea " h triplet zquadruplet >;Mo QUBO >~Rb"{

LHC zHL-LHC ¥tSZ fegew doublet,triplet,quadruplet w§¢;AwUE>~ 55t
Ob{

~ 5.5 triplet model p;M”8§¢ A

I: LHC HL-LHC
doublet Nholes 1 1
triplet Zfmm 7 <17 10% <8 104
< 0:13 <01
quadruplet ( &)m '] <50 104 <10 104
S(TiT;) > 0:2 > 0:2
Ziwg¢A>ea’lh triplet >;Mo QUBO >T™b”{ triplet PA¢cw QUBO >{V
< h«w> (5.8) UtOb{
X X X
H = aT; SijTiTj + i TiTj (5.8)
i i <i i<
WpzZE%H®0Xx mw triplet tTT"O " pK“zm triplet wdpzzo >;Mo (5.9 Uw:*
Ot [b"{\\pxz triplet wdgzzg UOtUXzUZ+weldCUT'ZoM”,raEg
arU<U“bX oM"{
dg_ 20
3= Ci(1 e )+ Cy(1 e ) (5.9)
E%HEOXx 2mwtriplet U w 2:>7 b”Ouw :pK“zZ<w (5.10 z(5.11) z(5.12
Up [b"{\\pxz triplet t fe"x"¢:U—sXzthz XY @pApUUXz R-Z

@pUctUMMUBEGa"UyXs” Otf "oM”{

Ci1 PR+ Co@ Py)

Sj = Cs 1+ H; + H;)Cs

(5.10)
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iGN (B

P R (5.11)
_ max( i; )
Pj = —c (5.12)
E%H~0x 2 mwtriplet Ue:e4:>7 b”0Ou0w :pK“zZ<w (513 Up [b7{
i = Ce (5.13)
thz LHC zHL-LHC ¥tSMo;Mhi&Y’»woZ<w™ 56t0ODb{

T 5.6: triplet model tSZ"I&Y"»

fay”» LHC HL-LHC

Cqg, [mm] 1.0 1.0
Cz, [mm] 0.5 0.5
Cr[m 1] 1 0.1
C [rad] 1 0.1
C 0.05 0.5
C, 0.2 0.2
Cs 1.0 1.0
Cs 0.5 0.5
Cs 1.0 2.0
Ce 0.8 1.0
Z<tzRQ'e” doublet modelz triplet model wY e ¢ A~AYa¢A>3qS7{

" doublet model
{ Ya&¢A:QUBO "Rtpwa U—sXz QUBO i™mwi Uz+x$yM{x SU
oM\qtloz> s {*w :U84pV"{
{ AYa¢A :doublet wem@C"U—sMhSzk M8, A>TZ"\qUE M{
fwhSz QUBO wi¢gA:UyQzzC aei-1 UDOXs"{
" triplet model
{ Yeae¢A: triplet wem@C”U MhSz'“k"M8;AUTZ +"{fwhSz
exw {t0b"A"SU'Xzi¢A:w_nt'"2C ai-~l wyVU84p
vy
{ AYeae¢ /A :QUBO "Ripwa UOXz QUBO I™wil Uz+x$OM{fhzx
SUYyMhSz> s {ew ;D6QU84 n"M{

52 QUBO w7&=

\\pxz doubletmodeltSZ” QUBO w7&=wve>Tib”{ QUBO w7&=xz doublet
» doublet wOZw8:,AUEz QUBO widY”»>z 1 OiA>:MoGITtBT h™z
w->y* 0'“Als§¢; AUE>D,"zgMOvepealh{ doublet z doublet w O 7w

§,AUExzYrw doublet &£ Yrw doublet WA&¢; «iaY "»wii>z+ z¢sf
“h{ QUBO widY’»t “oxz°tJowidaY”»>{ *z°mcmo!=~do
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52 QUBO w7&= 5 3C"@i-U%>:MhY?{ w {61R

MX\qp7&=>alh{xiO¢cq ol 02,0 20w OiA>;Mo0S“zi ¢2¢0
20wbiAgcéxiOg 1 OiA>;MoGtTtidaY"»wbTralh™z%al ¢

760 20wbiAgcéxiOg¢ 100 OiA>;Moze!l:wiisAlsi&Y"»wbT
>eeO0\gp‘“"us QUBO w~3>a2loM"{\\pxz QUBO w7&=wa > doublet
wg¢AzlgA>Zz b doublet W§ ¢ A~TAY"»wWwDTzl¢A>Z “sM doublet w
§¢A~TAY"»wDTw  3°8tiZoG\b"{

y QUBO w7&=wtiw2tzSZ€tSZ"ALW°AMOtmMotib"{SZ€pxz

Yrw {q 50%Ziwi¢As>Z "h~{>6TRZRhYrw {q ["h{\wqVz

Yrw {w [qg oxzbiA§¢cé+iO¢cwOux w"{ (truth) zTA"»wOuxz
gaew {6IRp6IR"eh"{ (oine) >Yrg oM"{ALW°AtxzZ<w (5.14
Uz(5.159 Up [b” eciency q purity >;Mh{

6IRZRhYrw"{

. o] =
efficiency [%] Yrw (5.14)
. 6IRZRhYrw™{
0] =
purity [%] 6TRAN (5.15)

7&=xz\*'w eciency g purity w<U6Xs" ' OteloM”{

5.2.1 doublet w§g¢ A

tcz§¢At—; hol:wiis>$ 57t0b{a!l:w [x 51p0-oM"{
(@) doublet w pt (b) doublet w zp
(@) doublet w (b) doublet wj j

$ 5.7: doublet wa!l:wil
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T57tlE2™w  doublet w§¢ AWUE>Ob{

T 5.7: doublet w§¢ AUE

UE =K IE ™
1 Nholes 1 Nholes 1
2 pr>02GeV Layer]gw pr §¢A
3 Zp < 200jmm] Zo < 200[mm]
4 Layer |qw §¢ A
5 jj< 11
T 58tlE2pw doublet :w!=>0Ob{x 100 OiAw E>O oM"{

~ 5.8: doublet w§¢;Aw!E2w  doublet :

UE total doublets real doublets dropped doublets[%] remaining doublets[%]
true doublets 1,304
initial doublets creation 689,975 1,302 0.11 99.9
Nholes 1 447,662 1,301 0.09 99.8
pr > 0:2 GeV 321,791 1,300 0.05 99.7
Zp < 200jmm] 186,253 1,300 0.01 99.7

T 59t!E™pw doublet :w!=>0b{

~ 5.9: doublet w§¢;Aw!E ™w doublet :

UE total doublets real doublets dropped doublets[%] remaining doublets[%]
true doublets 1,304
initial doublets creation 689,975 1,302 0.11 99.9
Npoes 1 447,662 1,301 0.09 99.8
Layer Jqw pr 8¢ A 243,065 1,300 0.10 99.7
Zg < 200jmm] 145,879 1,300 0.01 99.7
Layer Jqw 133,914 1,300 0.00 99.7
jj<11 109,672 1,300 0.00 99.7
doublet w§ ¢ Aw7&=t‘lo doublet :>y 6 At_nb”"\qUZRh{
522 1¢A>z b~ doublet wO 2
itzl¢A>z b doublet WO ZwBDT>a20{8¢;At—; hal:wil>$ 5.8t

Ob{
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(a) connected doublet w pr (b) connected doublet w R (c) connected doublet w

$ 5.8: connected doublet wa!:wii

T 510t!E2™w  connected doubletw § ¢ AwUE>Ob{

~ 5.10: doublet w§¢ AUE

UE lE2 IE ™
Prouer > 0:2GeV > 0:2 GeV
2 <5.10% <2.10°%

< 0:08 <01

itz QUBO iaY”"»wbTraelh{iaY"»x°tfowidY”"»>{ “z°mc
MBTb”"MO> Th{aladY"»x 511p [ToM"{$ 59z% 5.10tuidY"»w
PDTw7 >Ob{\\pzzw:¢xDT2w<«zT¢xDT™wcpK"{

(@ Ci (b) C2

$ 5.9 QUBO iaY"»wbT
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(@ Cs (b) C4

$ 5.10: QUBO &Y "»wbDT

Wpz Cs UT<Et'"@1UGVMIAY"»pKIh{ Cs xTeA>% b” doublet
wOZwoT.tTT"IaY " »pK“z C3>GVXb”"\gxz :f.woE¢a"U<U
“ebXs”\qt0 b"{fwhSz Cs>GVXb"g (&) UGVMOU (Yrw"
(W>AT" M ) pconEca”UyXs“z74$t-y+""{:U Xs” (purity Uy X
s” ) {

523 1¢A>2 “sM doublet wO 2

itzl¢A>z “sM doublet wOZwbT>220{8§¢;At—; hal:wii>$ 5.12
tOb{

(a) PT inner (b) PT outer
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q
® (1 ma)?+(2 ma)?

|-

()
$ 5.12: unconnected doublet wa !:wiii

unconnected doubletw § ¢ AwWUE>Ob{

Th11tIE2™ Wy
~ 5.11: unconnected doublet w§ ¢, AUE
UE lE?2 IE™
PT inner > 0:2GeV > 04 GeV
PT outer > 0:2GeV > 04 GeV
1
q R <5.10% <2-10*
(1 mid )2 +( 2 mid )2 < 0.08 < 0:05

itz QUBO iaY"»wDT>elh{$ 513z% 5.14teidY"»wbDTw7 >0b{

Wpzzw:¢xBDT2w«zT¢xDT™MwcpK”{

(@ Ce (b) C7

$ 5.13: QUBO iaY"»wbT
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(@ Cs (b) Cs

$ 5.14: QUBO &Y "»wbDT

W\pzaidY¥”»>DT™z7<21wGVTlh C35>6SPT oM"{\wqVz e ciency
x 1% ,r<U”Uz purity U5% ,r2i hi&Y”»>>; h{

524 QUBO w7&=wAL

$5.152% 516t74$s7&=wAL>0b{

(@) eciency w!= (b) purity w!=
$ 5.15: QUBO w7&=t"" e ciency ~purity w!=
(@) zC axi-l w!= (b) 1 swzC ai-l w!=

$ 5.16: QUBO w7&=t'""2C"ei-l w!=
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\\pz x7&=2zzx doublet w8 ¢ A™z "x1¢A>Z b” doublet wOZwb Tz
hx1¢A>z “sM doublet wOZwBDT™wALpPK”"{f.9 0 eciecny xy 17.2%z
purity xy 12.1%?21 h{thz 1swZC &i-~tTT"l xy 1.8[s]T'y 0.6[s]tyV
“h{\exz doublet :w_nt‘lo QUBO wigA:UnlhhSqRQ’«"{Ziwa

p7&=>eelh QUBO >;Moz {6TRwWUA>aIh{

53 LHC ¥tSz""{6IR
531 —;b"+i0¢qf

tcxz LHC ¥tSZ""{6IR>UA h\wqV—-; h+iO¢xz Particle Gun >
:Mo\R h *: 20058/ OiAti ¢z¢0>CcQh OiApK"{\wgqVw"R"
h+iO¢wUE>z 5.12tOb{

T 512: "R hbiAg¢céxiO¢wUE

I UEy
pr 0:5<p7 < 100 [GeV]z ;- [GeV] U°7
i < 1.0
vk vy < 1:0[mm]
jVzj < 1000[mm)]

ji<1lO0tv "oM"wxz 51tSZ” hit w8;Aq% 7z swzg°aefUUIeg-
~tv "eoM”"hSzMaT ' aiAOR; Otaelh " {UTM'“<yX_Qo0 1$0\q

pzY MB6TR®pw°AUaxQsXslo tOhSpK”"{tcxzi ¢z¢,0 20wpPi
AgcéxiOc¢>;Mo QUBO w7&=>a&Mzi ¢7¢,0 0,20,40wOUtSZ"AL>"
Ab”{fw™z7&="h QUBO >TA"»+&:"6TR®p>°Ab”"{thzALW°A

txz pr>05GeV TmNuis 5Sw {>—;b"{
5.3.2 LHC ¥<pw {6IRWAL

tczl ¢z2¢0s wOutsz” 200Sw1 OiAtOb”" " {6TRWAL>$ 5.17
tOb{\\pzALx doublet model >;MhOuw«wpK”{
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