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High-multiplicity

What is high-multiplicity? CMS PLB 765, 193(2017)
o TsTer S
No clear definition 010l 0 PBPD (B =276 TeV I
107 |An|>2: o o OO o O |
If there is heavy-ion like = | g @ ]
phenomena(i.e. ridge) at Tn, fr-mgien m m R RIICER
relatively high-multiplicity, it is | :'ééigéf%w" """ 556VV'§'='15T€V"'1
. . L. B ! op s=7TeV n
high-multiplicity I ’ 0.3<:p <3 GeVic 022@:5”\’ ]
How about Y case? oos——
. N | > 2 gB%f |
If vo is O, can not define high- : o & = % ]
ol s L4 :
Should be defined with verified = %éi‘&'&dg -
range in the previous analysis %ig 3p €3 Guln -
Higher than 90 shows higher v, 0ot 20 300
than pp N
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New high-multiplicity range

O.2_I 1T 1
0.15 —

0.1 i

I

~0.05F —
- —e— 110 < mult < 300 .
_0.1 =
- —=— 90 < mult < 300 .
~0.15F =

_O 2: | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

“0 5 10 15 20 25 30
pT

Statistical uncertainty reduced with multiplicity 90~300

Slight trend difference between two multiplicity range
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L ow multiplicity

= perpeerpeeeree e hNtrkd
> 2501~ Entries 10000
8 : MW Mean 31.39
200 B StdDev  18.66
E % + P > 0.4 GeVic ] ‘
150:—# W ~
1004 N -
.y f
50 ¢ N
b ) i ‘
OilIl||l||l|||llMlldlllIl||l||lll:
0 20 40 60 80 100 120 140 160 180 200 Y
# of charged particle
_ow-multiplicity range also need to retain enough Y
_ow-multiplicity subtraction is needed to estimate residual contribution
from back-to-back jet correlations
Ncoll == 1 is back-to-back jet correlation case

Multiplicity 50 (31£18) is tentative multiplicity range
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Low-multiplicity subtraction

, | N, . (low) Y (high)
. vy = vy(high) — vy(low) X . X
N, assoc(h L h) Yjet(l OW)

Ypeak _ (1 _ f) kag

YSig . jet jet
jet f
’ Y]et:Y]et(‘A”‘<1)_Y]et(‘Ay]‘>2)

- Number of associator ratio and jet yield ratio are needed
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Number of associator

Mean 142 =0.1423

Mean 34.37 = 0.08545
B 10010 ot e s o s s s s s s s e s e s e L L I L L B L

[ ] 600 — ﬁ -
800 _ . ]
! ] 500 ; -
L i - +
4(2600 _— 9400 :_ B
3 S
@) | o B
C00 BO0E .
I 200 — ¢ -
200 X ; §
I 100 ¥ ]
O_ Ol cooa v v b b by :
0 50 0 50 100 150 200 250 300
Nass
Y., (high)
: jet
. vi”‘b = v,(high) — v,(low) X
Y, (low)

Ypeak . (1 . f) kag

Jet jet

Ysig —

jet f
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mean n of J/yP

3-5 L] L A l ' Al L] I Al L] Ll l L) L] L) ' ¥ T 1-10 ¥ A Ll l L L] T l L] L A l T L) L] ' T L]
® 185 < NI <250 -
3.0 : ® N:'f':line <35 — 1.05} _
I o I ® °
A N i o . ® ®
= 2.5~ - A _1.00- —
VvV - :-_% - ®
® Vv
I ] ¢
2.0~ : Y - 0.95}- —
" ® ®
- - = —
1'50 2 4 6 8 0'900 2 4 6 8
P, (GeVic) P, (GeV/c)

Mean n distribution and ratio of J/y

- No strong multiplicity dependence has been observed for the entire pt
region measured. Thus, when taking the ratio of jet yield, the effect
from truncation are largely cancelled
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2.5_| T T T T T T 1 | T 1 | T 1 | T 1 | I_ _I T T T T T T T T 1 T 1 | T 1 |
¢ 90 <mult<300 - s R -
- - oo o -~ o ]
oL ¢ 0=<=mult<50 - -
- 1 0.8 —
oo i = |
L - _ =
15 . éoa_— ;
AL -~ ., N 06
5 - ® ® s S5 |
1 — At
I G 0.4 —
0.5_— N 02 _|
0 | | | | | | L 0 | | | | | | |
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, P

Mean value of histogram is used as <n>
Lower than J/y because J/Y used only forward events

Trend is different from J/y but ratio between high and low shows no
strong multiplicity dependence as J/y

Y case also can say that the effect from truncation are largely cancelled
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J/Y pr range

T T Y v T T Y

——— - -
185 < N°"™ < 250 d I 185 < NZ™ < 250 -
24f JAp - b, lAnl>1 - [ JAp - b7, lAni>1 )
| 3.0<p_<45 l . 3.0<p_<45 1
Eachrouna region : = Peak region 7
23 - ! ]
[ o “ 20 e ¢ ]
[ oo, @ “ ™ L _
22| . -
TR T o Ve o
’ .,.,,. -"'-, 2 % 40P 4
21 q I “.Q $.
[ . . 1 ] 2 R R N B
0 2 2 0 2 4
Ad A¢
— —
[ 185 = Njy ™ < 250 ] [ 185 =< Nj; ™ < 250
221 Jhp - b7, lAni>1 7 - JAp - Y, lAnI>1 1
F 45<p <6.0 " 21" 45<p_<6.0 ]
! Background region | - Peak region 1
21} - i :
L N : S Y ]
20 @ * . I ” ¢¢¢ ]
! ¢ ] sl M A
| - ¢ ¢
o e N et N
PA 1 “ ] 18? L | | |

n 2 4 n 2 4
Ag Ac

- J/Y choose pt > 4.5 to use regions which is not truncated

- 3 bin for J/Y case(same binning with v3)
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Yield ratio(J/V)

AT I l T
3 'J/ow
V
£, 3 oD _
<
o 5
X
3 2| ]
:\\; I ¢ A +
s | 5O T +'
2 )T
Vi - \_
I O _
ESI 1.61+0.18
0 B S R T
P
aSSOC(ZOW)

. Wb = v, (high) — vy(low) X

Yo — (1 1)

YSig — Jet

yoks

jet

jet f

X
Nissoc(high)
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Y pr range

fflin ] 014 | ffII ]
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- Just one bin for Y

- Different binning with v; is needed [9, 10, 12, 15]
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Yield ratio(Y)

Peak region is narrower than whole Y(1S) region due to Y(2S)
contamination

- To extract jet yield of signal, f at the Y(1S) PDG mass is used
Ratio is 0.4 (110 < mult. < 300) while J/y is opposite
- Yield at low-multiplicity is higher than high-multiplicity

low
. vgub = v,(high) — v,(low) X NassocllOW) X
ClSSOC(hlgh) Y
peak _ bkg
sig _ Yer =0 =Y YPek: 9.2 <my,,_ < 9.6
jet f Jjet
bkg .

- Y, = Yjet(|A’7| <1)— Yjet(lAnl > 2) Y]et 8<my,y, <9 12<m,,, <14
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Yield ratio(Y)

x2 / ndf 24/2 %2 / ndf 4.354/2

| po 0.2605 = 0.059 1 P° 0.4874 = 0.0656
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* Jet f

Jet vield ratio is different for peak region range definition

- Need to check integrated signal fraction for wide range
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Low-multiplicity subtraction

—®— parrow

—&— wide

0 5 10 15 20 25 30
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Comparison of high, sub

CMS pPb 8.16TeV
- - - - ] r - - [ - T - I - - - I r - i 014__I 1T 1 1T T 1 T T 1 | 1T T 1 | 1T T 1 | L I__
. ® Prompt J/gp, 14 < chm+0.46| <24 1 - e w/o subtraction -
~ M PromptD’, ly__+0.46l <1 - 0.12¢ . W cubtraction -
0.2 Ke, ly +0.46l <1 ] 0.1F Wi subtraction -
i ] 0.08F- =
0 N ] ] i - ® .
> 0] ] 0.06— ]
» | _ 0.06( -
S 0.1 I - O -_ m ! ] >O o - @ E
SR IR L R B - |
- El + . 0.02F -
L | : :
0.0 | n . | O -
B ofline - - _
i 185 NG <250 | + 1 ooof E
° ° : ° ° 0,047 | | | | | -
pT (GeV) O L1 1 1 5 11 1 I1OI 11 I15I 11 I20I 11 I25I 11 I30
pT

- Considering systematics mean points touch O after subtraction while J/
P is 0.1
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High-multiplicity range extended to 90

- Large charged hadron v, compared to saturated pp charged hadron
Vo

- Components of low-multiplicity subtractions are almost ready

- 1. Low-multiplicity v2: need to define range with MC

- 2. Number of associator ratio: ready

- 3. Jet yield ratio: tendency is different with other particle (J/y, D9)

- Low-multiplicity subtracted result touches O
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Back up
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Simultaneous fitting 110 < mult. < 300

pPb Vs =8.16 TeV, 110 = NJI'™ < 300
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Simultaneous fitting 110 < mult. < 300

pPb Vs =8.16 TeV, 110 =< No'"™ < 300
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Simultaneous fitting 90 < mult. < 300

pPb Vs =8.16 TeV, 90 < N°I"™ < 300
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Simultaneous fitting 90 < mult. < 300

pPb Vs =8.16 TeV, 90 < N°I"™ < 300
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90 < mult. <300 (9.2 <m
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90 < mult. <300 (9.0 < m < 9.8)
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0 < mult. <300 (9.0 <m < 9.8)
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