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)
INEN

Introduction C

@ We are searching for a resonant decay A — Zh — ({bb;

the signal sensitivity depends on the 4-body (¢¢bb) mass resolution;
@ which is dominated by the b-jets resolution;

@ we can try b-jet energy regression, or

@ let’s use the fact that the bb system is resonant for signal h — bb

@ and we know M, = 125.8 + 0.4 + 0.4, )

@ Brutally force My, = Mp;

e Kinematical fit Mg, to My, varying jets energy according to their
resolution;

4
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| 0
. ) INFN
Analysis overview C

@ Preselection
> either HLT Mul7_Mu8 or HLT_Elel7[...]Ele8([...] trigger fired;
» Ny >2: pr > 20(10) GeV, £, same flavour, isolated (PF,;‘;’ < 0.15);
> Niets > 20 pr > 20 GeV, ARjer ¢ > 0.5;
@ Analysis cuts
» 7 Selection: 80 < myy < 100 GeV;
» b-tagging (CSV): jety is CSVT, jety CSVL;
> h-selection—90-<-my<-140-GeV/; today's topic!

» Final selection is my dependent.

M300 M50
Maso

@ MET <50 GeV @ MET <50 GeV
@ MET <50 GeV

@ HT > 100 GeV @ HT > 125 GeV
@ HT > 100 GeV

0 1< ARy, <3.25 0 1 <AR <25
@ 1< ARy, <3.25 7

e pZ > 60 GeV e pZ >80 GeV
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N o
Force My, = M, C

@ Force the 4-momentum of bb system to have mass: My, = M),
scaling pr and E, while  and ¢ stays fixed;
@ Problem: should we force all bb pairs to M?

» or only those which are already “close”?

» next slides will show results w/o and w/ selection
90 < mpp < 140 GeV

> in next section a better approach.

@ Look at expected limit (CLs) using Ma = Mygpp shape, with
reasonable assumption for syst (will show our work on syst soon);

@ Focus on changes between the three methods

@ no constraint;
@ constraint for all bb pairs;
© constraint for bb pairs which pass: 90 < my, < 140 GeV.
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MA — 250 GeV Osignal = 25 fb IN:I?
Other M4 in backup C-

Mbb = M/-, if

Mpp not forced Mpp = M, 90 < My, < 140 GeV
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Ma=239.240.1 GeV My =249.01 +0.05 GeV
omy=145+0.1 GeV  ou, =7.23+0.05 GeV
$=3020 B=2500 5=30.20 B = 6800

M, = 249.11 + 0.05 GeV
oM, = 6.18 £ 0.04 GeV
5$=30.20 B =2500
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)
. .. . INFN
M, width, expected limit and Conclusion | C
OMp GeV .
Ma original | My, = Mj, @ Forcing Mpp to My reduces
250 | 145+0.1 | 6.18+0.04 significantly the width of the
300 | 18.9+0.1 | 10.50+0.08 4-body invariant mass

350 | 215401 | 17.25+£0.13 Ma = Myppp;

200

o If it is applied to all events, the
S/B worsen a lot since we
cannot select events with Mpp:

o If it is applied only to events
passing a selection on Mp:

90 < Mpp < 140 GeV, the S/N
is the same (by construction)
N but the reduced width improves
260 280 300 320 340 o__ o

M, [GeV] the expected limit.

0xBR(A - Zh - llbb) upper limit [fb]

v
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)
INEN

Q Kinematical fit of My, to M, C

@ Try a better constraint for My, than just force it to Mj;
@ Change jets E within jet resolution to get My, closer to Mp;
© Get jet resolution on pr as a function of p; and 1 (we neglect
resolution on ¢ and 7, supposedly less important);
@ Build a 4-momentum for jets starting from the measured one and
varying the pr, E;
© Apply a Gaussian constraint on pr, E using jet resolution as width;
© Get as close as possible to M,
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Formulas

@ B-jets; 4-momentum: pp (o) = {pT + vjop,, 0, ¢, E+ cjog}
o Minimize x?
2
Mpb(1,00)—M,
x2 (a1, a2) = (7%(&;;:) h) + a1 + a2
> op,E IS jet resolution

* Assume o, /pr = 0E/E
* depend on pr,n?

* o, ~ O(10 — 20%) (some plots in backup)
* o, £ is different between jet; and jeto

» M, =125.8 GeV;
» which op,?

* My, resolution for h — bb from MC or uncertainty on M;?
* Try both.

@ Use ai, o to redefine b-jets (b}), and look at My, and My

“from AN 2010 371
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)
INEN

a Di-jet Mass resolution C

Mpp reco, with both jet matched to the b-jets from hio5 — bb decay.

hMbbReso

r L B L B ;’:2"35 ‘ﬁglal
1000~ Rear e1a31ios
- Constant 1008 + 6.0
. Mean 112+0.1
r Sigma__ 17.93+ 0.06
800 -
3 g @ om, = 18GeV
6001 7 @ but the uncertainty on My, is
L ] much smaller! ~ 0.8 GeV
4001 -
i 1 @ Try and see the effect to use
ol T B pabes 1]
0 50 100 150 200 250

M [GeV]
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Summary

Kinematical fit My, to My,

Force My, = M,

QAn example

Introduction

z
w

and

= 35.1 GeV,

PT,2

Consider two jets, J; > with pr 1 = 39.9 GeV

107 GeV
Let vary Pr; = p7 - (1. 4+ aj - 0p;), and E; likewise. Look at M;
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M}, we would need to stretch the jet pr by ~ 1.25-0,,

To force Mj;
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Build and minimize the x? as defined above with oy, = 18 GeV/

N

0

X2 minimized correspond to Mj; = 112.6 GeV with x% =0.75
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Build and minimize the x? as defined above with oy, = 10 GeV/

s °
| \\\
2 >
L 4 :
| W | [ M=125% 3
1
VAR 1
118 ¥xe= }
0

i
iy
S
[
|
\/

i i

X2 minimized correspond to Mj; = 117.9 GeV with X% = 1.46
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Build and minimize the x? as defined above with o, = 1 GeV/

—195
B AR S

X2 minimized correspond to Mj; = 125.6 GeV with X% = 2.50
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My, distribution N

Z mass cut + 1 CVST + 1 CVSL - Osjgna) = 1pb ~ (40x) C

— m,=350-GeV/
- # =1 PD
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Mpp w/ kin fit with op,, = 18 GeV  Likewise w/o kin fit
My = 115.98 £ 0.11 GeV My = 113.47 £ 0.16 GeV
om, = 14.52£0.12 GeV om, = 17.66 £0.21_GeV
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x? distributions )
Z mass cut + 1 CVST + 1 CVSL - Osjgna) = 1pb ~ (40x) C

2
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- H

° Kinematical fit x? distribution for
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x? distributions (II) NN

Z mass cut + 1 CVST + 1 CVSL C
< 200pr T T T T T T T
& : « Data B + Data
Py 3w - vy
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XZ
My, vs kinematical fit x? distribution for data and MC
A cut on x? (e.g. x? < 10) acts as an effective cut on My,
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My, distribution N

Z mass cut + 1 CVST + 1 CVSL - Ogjgnay = 1pb ~ (40x) C
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M, distribution m:r?
Z mass cut + 1 CVST + 1 CVSL (0sjgnas = 1pb) C

Mpp kinematical fit with :

>
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Mp = 115.98 £ 0.11 GeV Mj = 118.93 £ 0.07 GeV M = 124.91 £ 0.01 GeV
om, = 1452+ 0.12 GeV oy, = 10.61 £0.07 GeV op, = 0.71 £0.00 GeV
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M, distribution m:r?
Z mass cut + 1 CVST + 1 CVSL (0sjgnas = 1pb) C

M, kinematical fit with y2 < 10 and:
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om, = 14.52+0.12 GeV oy, = 10.61 +0.07 GeV oy, = 0.71 4 0.00 GeV
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)
INEN

aWhat is the impact on 4-body Mypp C

@ Apply the method described above and look at the 4-body Myspp
invariant mass distribution;

o For the three available M4 (250, 300, and 350 GeV);

e Compute the expected limit (CLs) with the kinematical fit, and
compare with that using the mass constraint M, = M), as well as to
the standard analysis (no mass constraint).

v
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My = 250 GeV INFN

More “realistic” osjgnar = 25 fb: other My in backup C

Mpp = My, if Kin fit Mpp to Mp,

M not forced 90 < My, < 140 GeV oy =1 GeV

T T
F = ]
120 M250 Hy s i anan T T £ T T T 3
100: 1 naeror = M250 et E 1601~ M250 & mwes
C 1 120F Tt 4 140F = Toar_t E
C 1 £ moves 28 ] E 3
80~ 7 100F Woves s 120 E
E 1 £ oviets 08 ] 100F- E
60— 4 8ol Qco 4 E E|
C ] r k2 B E ]
r 1 £ — m=zs0-Gev ] 80F 3
401~ = 60 3 soF E|
20 E “F 3 ao0F- 3
B ] 20F E 20 E
K 600 F _ ] F B
e = e o 100 200 300 400 500 600 % 0!
ED)
) 2k 730,20 8=7489.43 S/B= 0,012 Si93=0603 B
e 8 oo ST H
£° i 25 2o
& 0 T 0 E o g0 20
Amass (G ¢ €
3 100 200 0 200 O & T 200 £ 300 TN
Amass (G mass [Ge

Ma =239.2+0.1 GeV
om, = 145401 GeV
$=30 B=2490

Ma =249.11 £0.05 GeV My = 250.89 + 0.04 GeV
om, = 6.18 £0.04 GeV om, = 5.69 £0.04 GeV
5=30.20 B =2500 5=29 B =2960
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Introduction Force My, = My,

a Conclusion 1l

0xBR(A-Zh

P |
260

N S B
280 300 320 340

M, [GeV]

S.Lacaprara (INFN Padova)

Kinematical fit My, to My, Summary

)
INFN
C
OMp GeV
oMy, = 18 GeV ‘ oMy, = 10 GeV ‘ oMy, = 1 GeV
250 13.38 9.90 5.69
300 17.30 13.00 9.42
350 19.32 15.38 12.46

@ Kinematical Fit improves the expected
limits;

@ The smaller oy,,, the better the limit
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a | NN
Comparison of the two methods C
¢ A I o, Gov
' ] Ma | original ‘ Myp = Mp, ‘ kin fit
160 e 250 | 145 | 6.18| 569
140 oy -1 Gev i ] 300 | 18.9 10.50 9.42

. 350 | 215 | 17.25 | 12.46
] e Forcing My, = M), gives results

as good as kinematical fit with
om,, =1 GeV

@ provided the former is applied
T only to those events with

260 280 300 320 340 90 < Mbb < 140 GeV.
M, [GeV]

D
o o

|

oxBR(A - Zh - llbb) upper limit [fb]
N
o

N o

o o
BN R R RN RN R

|

N
o

o
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)

a INFN
Summary C

@ Background is not peaked as much as Signal;

o If we cut on My, before forcing My, = Mp: expected limit is
significantly better

o If not, Background is significantly higher!!

Kinematical fit

@ My, peak can be narrowed by M), kinematical fit

@ A cut on My, can be replaced by a cut in x?

e With small oy, = 1 GeV, the results are similar to that of forcing
the mass with a prior cut on My,

Introduction Force My, = My,

N
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Q INFN
Backup C

Guess what?

Yep, backup slides ahead!
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a INFN
2HDM Scan C

@ Rui Santos kindly provided the 2HDM (type-I [left] and type-lI
[center]) scans for o x B for A — Zh modes.

@ https://twiki.cern.ch/twiki/bin/view/CMS/Higgs/HiggsExotics2HDM
» o x B(A— Zh) x B(h — bb) ~ O(1 pb)
» xXB(Z — £¢) ~ 0.07 not included in 2DHM plots!
» o X B(A — Zh — £bb) ~ O(100 fb)

@ [right] expected sensitivity (from feasiblity studies) for this analysis

@ We are in the correct ballpark (limits overlayed by hand!)

@ It could be worth to look at wider my range: ms = 200 - 500

+» % Br(A > Zh - libb) [pb]

agel

o,

&0

FIG e (pp — A)BR(A — hZ)BR(h — bb). Left
ak at ~ 375 GeV, corresponding to the “o

) I N S R
10240 260 280 300 320 340 3
m, [GeV]
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Q MA — 300 GeV Osignal =251

Mpp not forced Mpp = My,

M300 4 e b M300

g
8
L L R R LA RN AL LA

/w
INFN
C
Mpp = My, if
90 < Mpp < 140 GeV
of | M300 T

N oW s o9 o
S 8 8 3 3
ST I T I I T

.
=)

L L
100 200

00 20 £ g £ 0
A

My = 288.6 £ 0.1 GeV Mp = 296.60 £ 0.09 GeV
om, =18.9£0.1 GeV om, = 12.59+0.09 GeV
5=32 B=1350 5=42 B =3830
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M, = 297.00 = 0.08 GeV
om, = 10.50 +0.08 GeV
$=32 B=1350
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Introduction

Force My, = My,

Q MA = 350 GeV Osignal =25f1b

not forced

= M350, FrE

Mpp = My,

60

50F

M350 1,

Kinematical fit My, to My,

Summary
o
INFN
(%
Mpp = My, if
90 < Mpp < 140 GeV
. M350 TEn

-
@
T T T T T T T

E— —;ua"m““m - i ) SRnEE T
o o i
Ma—330.1402 GeV My = 345.21 +0.12 GeV/
om, =21.5£0.1 GeV om, = 17.25+0.13 GeV  Ma =345.72+0.11 GeV

5=31 B =560

S.Lacaprara (INFN Padova)

5=39 B=1440

AZh

om, = 1450 +0.10 GeV
$=31 B =560
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)

. INFN
kf‘_- Jet resolution C

AN 2010 371: Jet resolution vs pr for various |n| bins.
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Figure 10: MC truth resolution or 10 < [y < 15 (i) and 15 < [1] <20 Gright)
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e - T
R o
I
oo, B Flets (right) at0.5 < |y| < 1.0
Figure 11: MC truth resolution for 20 < || < 2.5 (left) and 25 < |y < 3.0 (right) PRJets (right) at2.5 < ly] < 3.0
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Q NN
My = 250 GeV C

Kin fit Mpp to Mp, Kin fit My, to M), Kin fit My, to My,
oy =1 GeV om = 10 GeV om = 18 GeV

£ T T T ; 3
E I - w E = T T T T =] 160 T s T T =
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E & L £ s 140 | ] s
1401 W ovses 20 E W 3 E ™ B
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100~ Qco E Qco = E Qco 3
E o E| E El £ El
E = | -,z i | = |k |
80 — mi=250-Gev E — my=250-Gev 3 80) F — my=250-Gev
60F El E 3 60F- 3
40 E E 3 40 E
205 E E 3 200 E
of d E E of ]
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-
T T B < . .
Sosf % T H ER
So 2 2
E o 2o
£° o o
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My = 250.89 + 0.04 GeV My =245.44 +0.07 GeV M,y = 241.54 +0.10 GeV
om, = 5.69 +0.04 GeV om, = 9.90 £0.06 GeV om, = 13.38 £ 0.08 GeV
S=30 B =23030 S=34 B=23730 S=33 B=3130
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Introduction Force My, = My, Kinematical fit Mpy, to M, Summary

| NPN
Ma = 300 GeV ¢

Kin fit My, to M, Kin fit My, to M, Kin fit My, to M,
J/\/]:1 GeV O’M:10 GeV O’M:18 GeV
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Ma = 301.44 £0.07 GeV  Ma =295.39+0.09 GeV  Ms =291.24 £0.13 GeV
om, = 9.42+0.08 GeV om, =13.00+£0.10 GeV  op, =17.30£0.12 GeV

5=31 B=1690 5=36 B =2085 5=35 B=1716
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Introduction Force My, = My, Kinematical fit Mpy, to M, Summary

Q NN
My = 350 GeV C

Kin fit My, to M, Kin fit My, to M, Kin fit My, to M,
J/\/]:1 GeV O’M:10 GeV O’M:18 GeV
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Mp = 35237 £0.10 GeV  Mp =346.43 +£0.11 GeV  Ms = 342.13 £ 0.14 GeV
om, =12.46 £0.10 GeV  opm, =15.38+£0.12 GeV  op, = 19.32 £ 0.14 GeV

5=31 B=670 5=35 B=2834 5=34B =706
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Introduction Force My, = My, Kinematical fit Mpy, to M, Summary

M, = 300 GeV INFN

More “realistic” signat = 25 fb (%

Mpp = My, if Kin fit Mpp to Mp,

M not forced 90 < My, < 140 GeV oy =1 GeV
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My = 288.6 +0.1 GeV
om, =189£0.1 GeV
S=32 B=1350

Mp =297.00 +0.08 GeV M = 301.44 + 0.07 GeV
om, = 1050+ 0.08 GeV  op, = 9.42£0.08 GeV
5=32 B=1350 5=303 B =1640
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Introduction Force My, = My, Kinematical fit Mpy, to M, Summary

My = 350 GeV INFN

More “realistic” signat = 25 fb (%

Mpp = My, if Kin fit Mpp to Mp,

M not forced 90 < My, < 140 GeV oy =1 GeV
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Ma = 339.1+0.2 GeV
om, =215+£01 GeV
$=31 B=564

Mp = 34572 £ 0.11 GeV My =352.37 £ 0.10 GeV
om, = 1450+ 0.10 GeV  op, = 12.46 £0.10 GeV
5=31 B =560 5=286 B=0620
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Summary

Kinematical fit My, to My,

345 GeV with O My

Force My, = M,

Introduction

INFN

Mpp

A bad example

18 GeV
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Summary

Kinematical fit My, to My,

345 GeV with O My

Force My, = M,

Introduction

INFN

Mpp

A bad example

10 GeV
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Summary

Kinematical fit My, to My,

345 GeV with O My

Force My, = M,

Introduction

INFN

Mpp

A bad example
1 GeV
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