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Goal of this study

‘ Improve analysis performance ‘
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Flow of study

Evaluate jet energy resolution
ILD model : ILD_I(s)5_v02
> jet energy & cos 6 dependence
evaluate jet angle resolution — apply to kinematic fit

kinematic fit
use MarlinKinfit - fitter engine : OPALFitter
apply jet resolution
» check effect & accuracy of fit

Improve analysis performance
[BSM search using Higgs—invisible]
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Evaluate JER

Setting of Evaluation JER

®|LCSoft : vOT-19-05 (gcc49)

®|LDConfig : vOT1-19-05-p01

®|LD models : ILD_I5_o1_v02, ILD_s5_o1_v02

Osamples - Z—uds (/hsm/ilc/grid/storm/prod/ilc/mc-opt.dsk/ild/dst/calib/uds/*)
s e-\40 30 40 60 91 120 160 200 240 300 350 400 500

Lievegeds 10k 10k 10k 10k 10k 10k 10k 10k 9k 10k 9k 10k
sl 10k 10k 10k 10k 9k 10k 10k 9k 10k 10k 10k 10k

® jet resolution definition Update.
> use RMSy; method
- Energy
o _ RMSgq(£;) _ > RMSgo(Ej;)
E  meang, (Ej) meang, (Ejj)
(J. S. Marshall and M. A. Thomson, "Pandora Particle Flow Algorithm”, arXiv:1308.4537 [physics.ins-det])
> Angle use jet clustering: Durham

0 = RMSQO((preC - ¢mc)
00 = RMS9O(9rec —0,c)
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Evaluate JER
ILD model Detailed Baseline Design

7833

Yoke/ lﬁ(l’Z) ! I5 '(')'2‘.51,0 """"" ST w oo
Muon _1o.v ILD_s5 v02
Coll

FCAL
Yoke/ Muon HCAL
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Evaluate JER
Result : Energy dependence

(%o |

sv01-19-05.mILD_I5_o1_v02_nobg
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Evaluate JER
Result : energy & angle dependence

sv01-19-05.mILD_I5_o1_v02_nobg

15---;---;---;---;---o15GeV

é é é é 1 = 20GeV
30GeV
v 45.5GeV
o 60GeV
1 80GeV
A 100GeV
o 120GeV
= 150GeV
s 0 ® O o R =1 ~ 175GeV
I e e 1 « 200GeV
- 4 x 250GeV

0 0.2 0.4 0.6 0.8 1
lcosOl

apply this result to kinematic fit

Study of Higgs—invisible
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Evaluate JER
Anglar resolution

polar angle azimuth angle
68 = RMSg0(Orec — Omc) 6¢p * sinf = RMSqo{(Prec — Pmc)sind}
sv01-19-05.mILD_I5_o1_v02_nobg sv01-19-05.mILD_I5_o1_v02_nobg
-0.08 e 15GeV o 0.08 ———————T————T————T———— ¢ 15GeV
= X = 20GeV .S [ 4] = 20Gev
: B 30GeV  x_ L ] - 30Gev
80.06 v 45-5Gev el 0.06 ......................... ......................... _ .................... q v 45.5Gev
£ i | o 60GeV I - 441 o e0Gev
I iy 0 80GeV L : : : o 80GeV
o 0.04 ~100GeV  0.04 ~ 100GeV
%s) 1 o 120GeV g o 120GeV
o ¢ 150GeV — — : Tz ¢ 150GeV
0.02 O + 175GeV 0.02 EZ= s e W 5 .!.ﬁ*';i.z_ . 175GeV
Zaie ] « 200GeV = me—— 58]+ 200GeV
N x 250GeV x 250GeV
0 0 -
0 0.2 0.4 0.6 0.8 1
lcosol lcosol
For evaluation of angular resolution, Durham algorithm !
use jet clustering. ;
] d 2min(E7, E5)(1 — cos 6;;)
Yij = 0?2

apply this result to kinematic fit

Study of Higgs—invisible
using kin-fit applied JER of ILD
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kKinematic fit
Principle of kinematic fit

seek minimum of x2(7, &, X)
under kinematic constraints

(T, €, X) =X () + Fo (71,6, )

X(17) = (7= 9"V~ 9)
Fo(if, & A) =237 - f(i1,€)
Gnethod of Lagrange multiplie@
—10x% Ok

: measured values (N)

: fit parameters (N)
: unmeasured parameters (J )
: Lagrange multipliers (K)

: constraint functions (K)

A R NS TR

: covariance matrix (N x N)

Solution

5o, — Vi )+ a—mA(@ -0 .
1 3)(% d [k A\ 0 o Starting
2 - k= , point /. 0
: 8€; agz (Z —he J) Constraint
laXT — f =0 contours
_20n =1, K) )

d.of. ! Naoy =Ny —{Ny— (K —J)}

Study of Higgs—invisible
using kin-fit applied JER of ILD
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kinematic fit

MarlinKinfit ;: OPALFiItter

For iterative solution : Taylor-expansion of the constraints

i1 F L, g Ofi y oy Ofi v y
Fi e = fi(7,6) + 2= (=) + = (& =€)

O Ly, = Ok ley—er

B - v 0 v .
( Vz’j 1(77j+1 o yj) T 8{;6 )‘k+1 =0 (2 =1, >N>\
vln;=ny
—_— afk v+1 _ y —
06 o e AT =0 (1=1,...,J)
\_L_fi@.er =0 (i=1,...K)

Solution

Convergence condition
v §x?<0.01% n 6F, <1073
ﬂ FC < 10_2 'Xz

~-Asymptotic solution

S (next start) or
Constraint vioall f; < 107 n 5, &) < 107°
approximate
contours
>
M
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kKinematic fit
/H processor

invisible

[0Z mass constraint
mig; =Mz = 91.2 GeV

Ojet mass constraint
before after
J A/

Olmplement of jet resolution

UE(Ea COS 0)7 UG(Ea COS 0), 0'¢(E, COS 0) ?jo.zsg (F

Odegrees of freedom

Naof = Ny = {Ny — (K — J)}

=K-J=1

ZAORRSTYAVAR®)

sv01-19-05.mILD_I5_o1_v02_nobg
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©0.08
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D
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20.06 [
o
D
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o 0.
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0.02
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o 0.3
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Kinematic fit
Result : accuracy of fit

sv01-19-05.mILD_o1_v05.eL.pR fit probability

8 104 | ' ................... :j»‘OPALFittelf'» ............................. o0

Qi . fit success : 99.85 % L 2. d 2
Ny mean =14.453 — fXQ (X y V) X
R IR Vo I S— R ..sigma =46.970.......... 2

c 5 Xresult

() ; . .

o fit with well-estimated errors

—normal distributed between O and 1
sv01-19-05.mILD_o1_v05.eL. pR

flt success 99 85 %
o I T mean"'-"0-278 """"""""""""""" .
11 S O I T

0 500 1000 1500 2000

x 2 distribution
Mean : 14.5
Ndof : 1

Mean > Ndof

0 0.2 0.4 0.6 0.8 1

C e ) ) Fit Probability
a possibility of underestimating parameter error
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kinematic fit
Result : Recoll mass

sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
o [ " ]
result mce 103000 sigma = 6.379
M,y — rec’ — Mrec s |
rec — £2000 |
Mme £ |
1000 | l _
: . . : J Y\ | ISR effelct
improve recoil mass resolution ~20% I) i ]

100 110 120 130 140 150 160
Recoil Mass [GeV]

sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 % sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %

L L L L D T —r 1 149
% X [ before fit: - o X ] beforé fit: E
(D 600 I ....................... ................... mean -1 30 1 _ 01 200 I mean_84e03
8 [ : : f 3|gma = 12 076 ° ;1 000 il stg.ma. =8.8e-02
o |:| after f|t c [ after fit:
; 400 I'I g_) 800 F ”'”""”'”'”Iﬁé”ah"";"¥3'3é”'04_
i} L :
GC) 600 Y W L S S|gma ....... 69302 -
> C ]
L 200 400 F A o -
200 : ................................. .............................. _:
100 110 120 130 140 150 160 -1 -0.5 0 0.5 1
Recoil Mass [GeV] Recoil Mass Relative Error
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kinematic fit
Problems : Z mass distribution

ZAORRSTYAVAR®)

sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
> rrrr T T
O 104 ....... MC ................................ beforeflt ...............
O mean =909 ~ mean =90.7
._COJ 3 S|gma 5.338 ] ~ sigma = 10.091
o 107 g g “after fit:
; mean _91 3
-IE ......................................................

)

>

LU
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Motivation

Previous studyashikawa)

®|n SM, Higgs decays invisibly through 0 B
H - ZZ" - 4v (BR(H - inv.)~0.1%) (95% CL’_ 2.5Ofb )
left pol. : right pol.
o|f BR(H — inv.) exceeds SM prediction, 0.95% - 0.69%
it signifies new physics beyond SM (BSM)
®We estimate SM upper limit of BR(H - inv.) Dark Matter...
e Compare between left & right polarization at the INC SUSY..
I SM I (invisible % ) BSM Linvisible N\ )
7.<_ s | |
7.<_
- Y )
BR(H = ZZ* — 4v)~0.1% BR(H - XX)~2?72%

b7 q

> A. Ishikawa (Tohoku Univ,), \Visible q
”Search for Invisible Higgs Decays at the ILC” LCWS2014@Belgrade
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Higgs—invisible

Cut table (P,-,P,+) = (—0.8,+0.3)

Vf&b%ﬁ.

FRE | B5HER | 25RFER | 77 WW vvZ | other bkg
No Cut 0.84 5255 3.93 x 107 | 214211 | 2748230 | 67952 | 3.63 x 107
Niep =0 1.00 5249 2.74 x 107 | 165399 | 1276030 | 67853 | 2.59 x 107
Pre-Cut 7.54 5026 439363 35027 | 69535 | 33852 | 300949
Npfo > 15&Nehargea > 6 || 9.66 4947 256873 34332 | 67457 | 33236 | 121848
prjj € (20,80)GeV 12.48 4688 136149 30207 | 56149 | 29166 | 20627
M;; € (80,100)GeV 13.50 3919 80266 23533 | 29210 | 23675 3848
| cosB;;| < 0.9 13.94 3768 69199 20457 | 24817 | 21246 2679
w/o kinematic fit
VAN S FRE | B5HER | 25FFEKR | ZZ | WW | wZ | other bkg
@i s 13.94 3768 69199 20457 | 24817 | 21246 2679
Mecoir € (100,160)GeV || 13.95 3765 69002 20438 | 24748 | 21174 2642
BDT > —0.0718 15.54 3388 44086 12604 | 14941 | 14676 1865
w/ kinematic fit
Ay b G ERE | EB5ER  2558ER | ZZ | WW | wZ | other bkg
Hemy o 13.94 3768 69199 20457 | 24817 | 21246 2679
Mecon € (100,160)GeV | 15.10 3766 58404 15873 | 21289 | 18665 2577
BDT > —0.0867 16.26 3425 40893 11086 | 14030 | 13903 1874

ZAORRSTYAVAR®)
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Higgs—invisible

Cut table (P,-,P,+) = (+0.8,—0.3)

Ay b ERE | E5ER  £53FExR 77 WW vwZ | other bkg
No Cut 0.76 3549 2.16 x 107 | 116792 | 189591 | 23127 | 2.13 x 107
Nlep =0 0.95 3545 1.39 x 107 89111 88065 23092 | 1.37 x 107
Pre-Cut 7.33 3391 210605 16373 | 4918 | 8970 | 180344
Nyjo > 15&Nehargea > 6 | 10.03 3331 106837 16028 | 4773 | 8786 77250
pri; € (20,80)GeV 15.59 3144 37369 14018 | 4022 | 7793 11536
ij € (80, 100)GeV 17.17 2632 20815 10828 2087 6121 1779
|cosBj;| < 0.9 17.81 2535 17670 9387 1806 | 5373 1104
w/Q kinematic fit
Ay &M FRE | B5ER | 258HEKR | ZZ | WW | wZ | other bkg
HET o 17.81 2535 17670 9387 | 1806 | 5373 1104
Miecoir € (100,160)GeV || 17.83 2532 17598 9376 | 1800 | 5366 1056
BDT > —0.0840 19.72 2298 11231 5800 | 1170 | 3463 798
w/ kinematic fit
Ay b &M EEE | EB5ER  £533EZR | ZZ | WW | vwZ | other bkg
@ 17.81 2535 17670 9387 | 1806 | 5373 1104
Mecoi € (100,160)GeV | 19.61 2533 14104 7196 | 1549 | 4274 1085
BDT > —0.1162 20.81 2395 10806 5431 | 1187 | 3318 870

ZAORRSTYAVAR®)
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Higgs—invisible
Result : Recoll mass distribution

w/o kinematic fit

w/ kinematic fit

1S = 250 GeV, (Pe’,Pe’) = (-0.8,40.3), ILdt =250 fb”, Cut: No.1~No.9 Ww/0 kinematic fit

Vs =250 GeV, (Pe’,Pe’) = (-0.8,+0.3), _[Ldt =250 tb™, Cut: No.1~No.9 v/ kinematic fit

2018/1

significance=19.7 2 Meci [GeV]

L B DL D = D DL D - T plL AL LI L L -
C | 2500 2500 BHoinv. 1
O 0] BR = 10%]
© 82000 82000 DagH,sM ]
N ol o\ [lzz
. — - ~ -
- 51500 51500 gww -
Ie) 1000 1000
> ; >
O | W i
ﬁ 500 500
3 0 B s (35w S8 £ = O o e 5575 WO e, B0 s 58 .
100 110 120 130 140 150 160 100 110 120 130 140kf 150 160
. P M ) V = L ot .
significance=15.54Mec [GeV] significance=16.26 Meci [GeV]
Is = 250 GeV, (Pe’,Pe’) = (+0.8,-0.3), _[Ldt=250 fb”, Cut: No.1~No.9  w/0 kinematic fit Is = 250 GeV, (Pe’,Pe’) = (+0.8,-0.3), J.Ldt=250 fb”, Cut: No.1~No.9 v/ kinematic fit
c |~  P-——Y—rr———Y—— | < e
@) % [ I I I I H—>Iinv. ] % C I I I " []H-inv i
= Q) i BR = 10%] Q) [ BR =10%]
CIEI S 800 : OagH,SM 1 S 800 - (JagH,SM -
= | Neoof [)zz N goo b B2z
G ~ _ oww > Oww
O | 5 a00f I S 400 F A
o 2 [other bkg . o [ other bkg ]
i) L ] Ll LI = ]
(@) [ [ =
N — O EEE o o v e == O 1 P oo IO 5o B
oC 100 110 120 130 140 150 160 100 110 120 130 140 150 160

significance=20.81 Mg [GeV]
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Higgs—invisible

Result : Upper limit of BR (95% CL)

w/o kinematic fit

w/ kinematic fit

Is = 250 GeV, (Pe’,Pe*) = (-0.8,+0.3), ILdt =250 fb™, Cut: No.1~No.9 w/o kinematic fit

Vs =250 GeV, (Pe’,Pe’) = (-0.8,+0.3), _[Ldt =250 tb™, Cut: No.1~No.9 v/ kinematic fit

| eft polarization
Event
o
38

0
100 110

UL=0.89+0.44%

120 130

LI L L e
. %2500
Q)

82000

= - O 1
140 150 160 100 110 120 130

IVlrecoil [GeV] UL=084:|:O42%

" OHoinv. 3

BR = 10%3]
[(JggH,SM
Mzz .
_jww -

140 . 150 160
Mrecoil [GeV]

I's = 250 GeV, (Pe’,Pe*) = (+0.8,-0.3), ILdt =250 fb™, Cut: No.1~No.9 w/o kinematic fit

800
600 F

400 |

Events / 2.00 GeV

200 |

Right polarization

UL=0.6
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O £
100 1

10
3

12 130

+0.32%

=250 GeV, (Pe’,Pe*) = (+0.8,-0.3), J.Ldt =250 fb™, Cut: No.1~No.9 w/ ki nematic fit

~~~~~~~

Is
" Hoinv. 1 g T
BR = 10% [
[DagH,sM g 800F
[zz ) i
N 600
fOww -
wWZ ] _.g L e
L [Hother bkg ] q>) 400 |
; : m ”: — e S—
e N e
140 150 16 100 110 120

130

Mrecon [GEV] UL=0.59+0.29%

Study of Higgs—invisible
using kin-fit applied JER of ILD

BR = 10%]
OagH,SM -
Mzz
Oww

vwZ .
[ other bkg ]

140 150 160
Mrecoil [GGV]



backup

Study of Higgs—invisible

2018/1/19 using kin-fit applied JER of ILD



SRORE

Vv NIXRILX—EERESH
IV RFvy TEADKDBEMEFE <« HErE0EM
cVTv bk, b¥xv NHEDENM
Vv NSRRIV EAWCTHE : B # Ejo
Vv NEE(FrGEEE)KEFMEDIENN
kinematic fit
T4vT4VIREDNE  NEEZAT—ILT 3
- soft constraint®xE%E : Z/IKY YD BRAEZEE
o DYIEBEENDISE

Higgs—invisible ARz b D _EERH#EE
o RBWBEMUNDT 1« v MEOZEH & SRZERIC(ER
HEE ICAHW S REFE ERIBO RE L
K D EEBRFEZBWT LR
ex.) profile likelihood ratio
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=)
I 1 v b TRILF—DREETE st

LDEFILOY I 2L— 3 v EFY sr j
1w NITRILE—DERE%E S L /- D7) AR S E S N 0
TR — R AR DR I TR R ST -4
C - ' , ; +1 5 120GeV
BE D RIKICFHMOZIT > 2 5\_ ' ; : : & 150GeV
) B % & 5 o ot & Ik ] ~ 175GeV
. . . S i S o ] « 200Gev
kinematic fit £53¢ 2 I S B S D I b
)I v NOREER 5 U fkinematic fitx © ° %2 04 06 08
1% L/ 7L'- sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
kinematic fitic 273/ F X — 9;.,\%%2 > AR e T Do e ]
YVxv MNEREFHEORR T H S HUS B 600 | Moo mean = 1301 -
Higgs—invisiblelBiZD REEHEEL I [ /7 | sigma = 12.076 ]
~20%HEL o o i |:| after f|t
> 400 i
SRR D RRHT A 5 2™
Higgs—invisible SR IRLE D EREFEIC @ L0 [
ISF U, kinematic fitlc & 23R Z :
UL of BR [%] (95%CL) Left polarization i |
S IR
w/o kinematic fit 0.89+0.44 0.63+0.32 Recoil Mass [GeV]

w/ kinematic fit 0.84+0.42 0.59+0.29
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IR —
Ej_ﬂ:ﬂz FTATIHR DIER

7;@ (A.Ishikawa)

(95% CL, 250fb")
OIRMEER T T v J R T DRIGTDHinvisibleBE %9 % | |eft pol. : right pol.
H—- ZZ* - 4v (BR(H - inv.)~0.1%) 0.95% - 0.69%

o FEiE DItk BR(Higgs—invisible) B B iEi1E
—HTIENFEET DHET- DAL

®BR(Higgs—invisible) M95% CL LERZHEFE L f= L)
OILCICR T 22D E— ARIBE— RTT\@,%%gtﬁ;&

I EXETEES I (invisiblegsE I IR Z/bE I invisiblegE )

2

H< et
2

BR(H — ZZ — 4v) ~0. 1%

o %
e 7 _— 1
Mzec = (\/E - EZ)2 - |ﬁZ|2
Ng

L 1) o
ZH ™ BR(Z - IT17)&sL
Ng < gz + BR(H - invisible)

> A. Ishikawa (Tohoku Univ.), AN =
"Search for Invisible Higgs Decays at the ILC" LCWS2014@Belgrade &EJLEE”‘JIE’f

EEYE ?
EEXIHERLF ?

Study of Higgs—invisible
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(FEERDOKFE

/invisible \

v2yzvh & IRIF-RE
VMgq = Mz : BR(Z - qq)~70%
/ ‘/Mrecoil ~ MHiggs

vVsF v RILiEE
et v e’ v e’ Ve
Z
1% 7% W l W+ 7, q
q W q W= q
Z
e q e q e Ve
ZZ semi-leptonic WW semi-leptonic v v Z semi-leptonic

Study of Higgs—invisible
using kin-fit applied JER of ILD
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Y ERRR
BT

o L —ygrEH
> Generator: WHIZARD 1.95
- Samples: DBD sample + Dirac sample (e*e™ - qqH,H - ZZ* - 4v )
- Detector: ILD full simulation (ILD o1 v05)
/s =250 GeV, [Ldt =250 fb', (P,-,P,+) = (—0.8,+0.3), (+0.8,—0.3)

T ) Left Right
1. RFEHER : “PandoraPFA”
- Isolated lepton tag : EWIRILF—EEBFEZH DL NV ZELERDRE
2. Yxv b VZXFY>Y :“Durham algorithm”
c FARTDEBRICH LT, \NROVE2RDI =Y MNMcEEDHITS
3. kinematic fit
> MarlinKinfitz {£F : OPALFitter, M;; = Mz, M; perore = M after
4. BSRER] (RR—VITEEH)
- BR(H—invisible) = 10% %=X
5. BRI D EIRHETE
- BR(H—=invisible) = [1~10%] 7> 7L —rZHEU. 95% CLO LRZ#TFE

Study of Higgs—invisible
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Summary
Evaluation of JER

sv01-19-05.mILD_I5_o1_v02_nobg

- 15 ———T———T————7————71——— ¢ 15GeV
: i > log(F,cos6) e
kinematic fit W | E(E’ O ) jvigi‘éiv
Y1 v M EREZERIKR L fckinematic fit% C B0Gev
% L/ 7!-‘__ »~ 100GeV
o 120GeV
kinematic fitic ihR7&/\F A =5 RE% - " 175Gev
9Ivhﬁﬁ%#ﬁwﬁ%TﬁbW > | | | | - 200Gev
Higgs—invisiblei@i2 D R BKE ZE 2 #EEED 7 0 02 04 06 08 1
~20%EQ% L7 lcosol
. . o sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
nggs—>|nVIS|bI§ | | T T P betore e
EStlmate upper “mlt Of BR(H_)Inv) 600 * e ..................... mean=136 ....... -

S|gma = 12 076

Check effect by kinematic fit | Ij aﬂe, it

400

Events / 0.50 GeV

200

UL of BR [%] (95%CL) Left polarization | Right polarization

: i T L o R S S . -
Previous study 0.95 0.69 700 110 120 130 140 150 160
w/ kinematic fit i 0.84+0.42 0.59+0.29
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detector

FTD

SIT

TPC
SET

Ecal

EcalEndcap
EcalEndcapRing
Hcal
HcalEndcap
HcalEndcapRing
Coil

Yoke
YokeEndcap
YokeEndcapPlug
BeamCal

LHCal

LumiCal

inner
radius

15.0

37.0

152.9

329.0

1769.9

1804.8

400.0

250.0

2058.0

350.0

2145.84

3425.0

4475.0

300.0

300.0

17.8

130.0

80.0

List of envelope parameters for ILD_I5_v02

outer half length
radius min z, max z
101.0 177.6
309.0 2350.0
324.6 644.1
1769.8 2350.0
1804.3 2350.0
2028.0 2350.0

2095.84 2411.8, 2635.0
390.0 2411.8, 2635.0
3395.5 2350.0
3225.5 2650.0, 3937.0
2980.0 2411.8, 2635.0
4175.0 3872.0
7776.0 4047.0
7776.0 4072.0, 7373.0
3395.54 3937.2, 4072.0
140.0 3115.0, 3315.0
315.0 2680.0, 3160.0

2021 2411.8, 2540.5

additional parameters

VXD_cone_min_z 80.0
VXD_cone_max_z 150.0
VXD_inner_radius_1 251
FTD_outer_radius_1 152.8
FTD_outer_radius_2 299.7
FTD_min_z_0 177.7
FTD_min_z_1 368.2
FTD_min_z_2 644.2
FTD_cone_min_z 230.0
FTD_cone_radius 192.0
SIT_outer_radius_1 299.8
SIT_half_length_1 368.1
Ecal_Hcal_symmetry 8
Ecal_symmetry 8
EcalEndcap_symmetry 8
Hcal_inner_symmetry 8
HcalEndcapRing_symmetry 8
Yoke_symmetry 12
YokeEndcap_symmetry 12
YokeEndcapPlug_symmetry 12
BeamCal_thickness 200.0
LHCal_thickness 480.0
LumiCal_thickness 128.7
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List of envelope parameters for ILD_s5_v02

detector inner outer half length additional parameters
radius radius min z, max z

VXD 15.0 101.0 177.6 VXD_cone_min_z 80.0
VXD_cone_max_z 150.0
VXD_inner_radius_1 251

FTD 37.0 309.0 2350.0 FTD_outer_radius_1 152.8
FTD_outer_radius_2 299.7
FTD_min_z 0 177.7
FTD_min_z_1 368.2
FTD_min_z_2 644.2
FTD_cone_min_z 230.0
FTD_cone_radius 192.0

SIT 152.9 324.61 644.1 SIT_outer_radius_1 299.8
SIT_half_length_1 368.1

TPC 329.0 1426.8 2350.0

SET 1426.9 1461.3 2350.0

Ecal 1461.8 1685.0 2350.0 Ecal_Hcal_symmetry 8
Ecal_symmetry 8

EcalEndcap 400.0 1717.92 2411.8, 2635.0 EcalEndcap_symmetry 8

EcalEndcapRing 250.0 390.0 2411.8, 2635.0

Hcal 1715.0 3045.83 2350.0 Hcal_inner_symmetry 8

HcalEndcap 350.0 2875.83 2650.0, 3937.0

HcalEndcapRing 1767.92 2656.92 2411.8, 2635.0 HcalEndcapRing_symmetry 8

Coil 3075.33 3825.33 3872.0

Yoke 4125.33 7426.33 4047.0 Yoke_symmetry 12

YokeEndcap 300.0 7426.33 4072.0, 7373.0 YokeEndcap_symmetry 12

YokeEndcapPlug 300.0 3045.83 3937.2, 4072.0 YokeEndcapPlug_symmetry 12

BeamCal 17.8 140.0 3115.0, 3315.024 BeamCal_thickness 220.03

LHCal 130.0 315.0 2680.0, 3160.0 LHCal_thickness 480.0

LumiCal 80.0 202.09 2411.8, 2540.5 LumiCal_thickness 128.7
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Compare with
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Event Selection

. isolated lepton veto

N

loose restriction

[transverse di-jet momentum, di-jet invariant mass, recail
mass from di-jet]

number of PFOs and charged tracks: Ny, Nirack
. di-jet (£) pt: Pty

. di-jet mass: M,

. di-jet polar angle: 6,

recoil mass: M, ..oi

® N O oA W

multi-variate analysis: Boosted Decision Tree(BDT)
method
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ARRTEEE T THILAY > T
¥ N A FRTET R [f] ERERHK
el | Aeel | Al | A5ee b
qqH, H — inv.(BR = 10%) 34.6 22.2 19701 19900
qqH (SM) 346.0 222.0 346336 222351
77 semi-leptonic 1422.1 713.5 356461 178635
WW semi-leptonic 18781.0 172.7 1919148 43501
vvZ semi-leptonic 456.8 130.8 114516 32998
other bkg 223851 114716 17312470

ZAORRSTYAVAR®)

FEsE e R : (P, P+) = (—1.0,+1,0)
feemis : (P.-,P.+) = (+1.0,—1,0)
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RBVEEZ77 [Ecm = 250 GeV, 250 fb! BR(H->inv.)=10%]
Cut:~No.8 Pol:-1.Lu|:ni:2.5,) fl:l"l . I_eft _ Cut:~No.8 Poll::l Lum|250 fb'? . nght _

] > 800 .
] D i
1 =600 .
] N i
1 @ 400 .
- [ 7
] o i
3 11 200 -

0 O i 1.

100 110 120 130 140 1_50 160 100 110 120 130 140 1_50 160
significance: 155  Mrecoil [GeV] significance: 19.7 Mrecail [GeV]
efficiency: 63.5% efficiency: 65.9%

MVA input -—-_
variables Isolated lepton veto 5 80 < di-jet invariant mass < 100
di?;a;csigv. po?:reajﬁgle 2 Loose Cut (Ptz,Mz,Mrecoil) 6 | di-jet polar angle |< 0.9
di-jet polar  another jet 3 #pfo >15 & #all_track>6 & 7 100 < recoil mass < 160
angle polar angle # track_in_one_jet > 1
TMVA v-4.2.0 4 20 GeV <di-jet Pt<80 GeV 8 BDT cut
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FTEIRER

ARIEDISI L 95% CL R D#ETE
o TV L—NE

BR(H—invisible)=u =[1,2,---,10]%CE> T HJLO4%RY
ERENZITD
Ns.g() ( Mrecoil € [120,140] GeV ) ZES
Ne,g(L)DIRT7 Y vtz d R — 95% CL O TERIE Ny ZEUS
u=[1,2,,10]%IcDWT1~3%Z1TD> — u vs Ny OERIEERZERK
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= A — BRIEERR TERED IR 95% CL _LRICZE
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