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Precision era of Higgs Physics

v

With the high accuracy data from the LHC Run-2, entering a precision era

\4

The main higgs decay channel: H — bb, branching ratio about 58%

v

Recently CMS and ATLAS have just reported the first direct measurements of
Higgs decay to bottom quarks

v

Need to seperate the signal (H — bb) from background (g — bb)

C. Wu (IN. )a,) Jet Pull 31" Oct, 2018



Flow

> difference between colour singlet (signal) and colour octet (background)

[Gallicchio, Schwartz, 1001.5027]

> From MC shower picture: (signal) radiation pulled toward each other

Signal Background
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ition of Pull

Diagram for the construction of the jet pull:

Ab=0-0;

J2

Legend =

Jet-pull vector P (ji)

Jet-connection vector
oull angl

ut of jy
ighted by pr)
5

Ay=y-y;

[ATLAS, 1506.05629]




ition of Pull

» Diagram for the construction of the jet pull:

Ad=¢— o
1 .
J2
HP Legend
«% Jet-pull vector P (jy)
Jet-connection vector
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. m of ji
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Ay=y-y;

[ATLAS, 1506.05629]

> Definition of pull: jet constituents with transverse momentum p} and location 7

Z PT|rr 7

i€jet T




Properties of Pull

» Definition of pull: jet constituents with transverse momentum p'r and location 7

t*Z pTlr’ 7

i€jet T




Properties of Pull

» Definition of pull: jet constituents with transverse momentum p'r and location 7
ri| -
F= Z PT| "
i€jet
> Properties of pull:

m |RC safety: soft or collinear emissions don’t change the hard jets

O(p1...Pis Pj---Pn) = O(p1.-.(pi + pj)-r-Pn), if (pi+pj)° =0

m Additive observable: separate the contributions from soft and collinear
emissions
m Pull angle: IRC unsafe

t
¢p = cos =

Jet Pull 31" Oct, 2018 6/ 23



Modification for Pull

» Modified version of the pull vector in e; e_

o E;sin6; .
tmodified = Z % (cos¢i, singi)
J

i€ jet
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Modification for Pull

» Modified version of the pull vector in e; e_

- E;sin®0; .
tmodified = 2 : . (COS¢,‘, s’”¢i)
~—~ E
i€jet

> Example: LO (2 parton), collinear splitting

z particle: t, = z - (1 — z)?60*(cos ¢, sin ¢)
1 — z particle: fi_, = (1 — z) - 2°6°(— cos ¢, — sin ¢)
t=z(1— z)(1 — 22)6?(cos ¢, sin p)
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Compare Pull Magnitude with Jet Mass

» Magnitude of pull:
t=z(1-2)(1-22)0* <0.1R*

» Definition of jet mass:

Oct, 2018 8/ 28
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Compare Pull Magnitude with Jet Mass

» Magnitude of pull:
t=z(1-2)(1-22)0* <0.1R*

» Definition of jet mass:

» End point:

~0.10

EVENT2: pmax = 0.431, tmax = 0.204
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Set Up For the Calculation

> Set up:

d’c

—_— = S(t, ¢p,ﬂ) + J(t7 ¢P7/J“)

dt

soft function:
eikonal factor

J(q)=Cr

2k ky

(ak1)(qk2)

jet function:
collinear splitting functions

722
Paq = Cr 1+(12 :
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LO Result

» Double differential distribution

d’c _as Cr Og4tan2§ 3
dtdgp, w2 t t 4
tani .
—1 tan 6% sin ¢p tan2 g tan g
+2cot¢pp tan T —2———— —log(1 + -2 cos ¢p)]
P tan B 2 012 012 P
1— 2 COS(Z) tan > tanT
tan% 4
> Magnitude of pull
tan2 %
do  as Cr o 1 3 o tan2 212
dt ~ xt | Bt a8 4tan? &
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LO with EVENT

» Check pull magnitude with jet mass:

80,

atLo

do
dLog (f

. LOjetmass
+ LO pull magnitude

. subtract jet mass from pull

0|

difference of

— Logl4]

o subtract et mass from pul

-14 =12 -10 -8 -6

4 E 0

. . log(f) .
» Compare with fixed-order calculation:

80

LO jet mass
+ LO pull magnitude

— LO Analytical

-4




Resummation Formalism

> Q7 resummation formalism: (detail see: Giancarlo Ferrera’ talk)

% -> o 11 / [dki]P(z) 67 (F - t) v
n=0 " =1 i=1

2 I A
% = rj'rz /dZQe'Q't exp [f/[dk]P(z) (1 — ef'g't)}
1 /d2g /b E g R(b)

472
do _ / ~ bdblo(bt)e R®)
tdt ~ J,
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Resummation Formalism

> Q7 resummation formalism: (detail see: Giancarlo Ferrera’ talk)
d20' oo 1 n @ . n .
?:;mﬂ/[dk,-]P(z;)é tf;t; y

2 I A
% = rj'rz /d2ge'9't exp [f/[dk]P(z) (1 — ef'g't)}
1 /d2g /b E g R(b)

472
do _ / ~ bdblo(bt)e R®)
tdt ~ J,

» Structure of NLL resummation
T(t) = (1 + [l )S(asL)e Rl b 4 L cl8) e RalasCal)
» Non Global Logarithms [Dasgupta, Salam, hep-ph/0104277]

S(asL) =14 Sy(asL)"
n=2
71,2
—1— (O_ésL)2 - CFCA?
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Radiator in b-space

> Radiator in b-space: —R = Lfi + fac + fos, A = asfol, By =3

AN =~ (1-2)) —2(1— A)log (L - \)]
fre(N) = — C;ﬁoq log (1 — \) — ﬁ2 [2l0g (1 — A) — log (1 — 2))]
c
_ 2;20; lo (1—2>\)—2|og(1—)\)+ log? (1 — 2A) — log? (1 — A)
C - ta:r; 0?2
fs(N) = 2W; yRoe 5 log (1 — 2))
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Radiator in b-space

> Radiator in b-space: —R = Lfi + fac + fos, A = asfol, By =3

A = =5, 5,\ (1=2X) —2(1 = X)log (1 = \)]
foe(A) = — C;ﬁoq log (1 — \) — 2ﬁ2 [2log (1 — A) — log (1 — 2))]
C
_2;50; [I (1—2)\)—2|og(1—)\)+ |0g (1—2))— |og2(1—)\)
C N taig 0%2
fs(N) = 2W; T g log (1 — 2))

> Expansion of resummed result:

do®P

tdt

dO’LO _7045CF o t +§
dlogt P g4tan2§ 4

0o RZ
= / bdbJo(bt)(1 - R+ =)
0
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Compare with EVENT2

» LO channel

40 - 1.
+ EVENT2: Hemisphere Jet Pull
30 b 0.5]
— Expanded Result
o
S
5
=20 1 X -
ol o o <,
3|8 .
s
10 i -05)
1 « Subtract Resummed from LO
0 = -1
14 12 -10 -8 -6 -4 -2 0 r 2 10 -8 -6 -4 -2
2 2,3 logn log()
» CF* channel ~ agL
10000
5000
s 0
o
S -5000
€
S -3 -
3|2 10000 « EVENT2: Hard Jet Pull
s
EVENT2: Light Jet Pul « Subtract Resummed from CF
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log(f) log(f)




Compare with EVENT2

> CF CA channel (with NGL) ~ o212

2500)
2000)
<
o
& 1500
s
e
°
3| g 1000
El
500
0|
-14

EVENT2: Hemisphere Jet Pull

100

« Subtract Resummed from CA

» CF Nf channel ~ 2L

0
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EVENT2: Hemisphere Jet Pull

« Subtract Resummed from CA




All-Order Resumed Result

» All-order numerical integration:

do_all

meX —
— —R(asl)
ot 7/ bdbJo(bt)e

bpmin

» All-order result:

0.
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< i
H 1
<= 1
5|z 010 i
3|8 1
3 — All-order pull magnitude 4
0.05 — NLO expended i

— LO expended
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All-Order Resumed Result

» All-order numerical integration:

do_all

meX —
— —R(asl)
ot 7/ bdbJo(bt)e

bpmin

» All-order result:

0.20 1
5 1
b 1
g o015 1
< i
H 1
<= 1
5|z 010 i
3|8 1
3 — All-order pull magnitude 4
0.05 — NLO expended i
— LO expended
o o
105 107 0.001 0.010 0.100 1

log(f)

> Cross check: subtract expanded result from all-order, as a function of as




Cross Check: NLO
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Improvement for the Fized-Order Results

» Method of matching

1 |doo | done  dowit,a,
o | dlogt  dlogt dlogt

1 doniitio _
o dlogt
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Improvement for the Fized-Order Results

» Method of matching

ldomiio _ 1 |:dC"LO donit dUNLL,a5:|
o

o dlogt dlogt ' dlogt  dlogt

» Matched end-point

Iol—>lo o1 —|—LBq
gt € t tmax 4

With tay = 4€ 59, tpax ~ 0.2
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Improvement for the Fized-Order Results

» Method of matching

ldomiio _ 1 |:dC"LO donit dUNLL,a5:|
o

o dlogt dlogt ' dlogt  dlogt

» Matched end-point
lo 1 —lo, o + LBq
g t g t tmax 4

With tay = 4€ 59, tpax ~ 0.2

> Result
051 —+ LO Expanded w/ Matched End Point | 04 — LO#NLL
—— LO Expanded wio Matched End Point —— All-Order NLL
o 04f ] °
2 —— LO EVENT2 w/ End Point 2 o3 — LO Expanded
5 5
2 sl ] 2 —— LO EVENT2
£ £
] s
2 2 o2
< 0.2f 4 =]
8|lo I3
3|8 M
© ® o1
01} ] :
0ok 0.0
10 1078 1074 0.001 0.010 0.100 1 107° 1074 0.001 0.010 0.100

log(f) log(f)




Pull Angle

» Result from ATLAS

5
T
>
':|4
>

Data
Statistical Unc.
Total Unc.

dogig

)

Powheg+Pythia8
Powheg+Pythiaé
MG5_aMC+Pythia8
Powheg-+Herwig7
Sherpa

1

=}

i

0-

—
% 2 ——
0 01 02 03 04 05 06 0.7 08 09 1

Charged particle 6p (i1, j{) [rad]/=

Prediction

» Definition of pull angle
1

¢p = cos~




Pull Angle:

» Joint probability approach:
p(6,) = [ dt p(e)p(0rle)

N/dt e R 0"
dtdd,

exponential suppression at soft-collinear region
» In the region of soft-collinear, fix order calculation spoiled by large logarithm
log™(t) enhancement

E _ dO'Res N dO’FO
dt ~  dt dt
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Calculation Technique (ske

» Formalism for the pull angle:

m Full double differential resummation approach X

dtt bdb Jo(bt)e R
d¢p 27r/ / Jol

m Sudakov safety approach v/

2 _Fo
do _ /dt R 97T’
do, dtdo,
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Calculation Technique (sketch)

» Formalism for the pull angle:

m Full double differential resummation approach X

dtt bdb Jo(bt)e R
d¢p 27r/ / Jol

m Sudakov safety approach v/
2 _Fo
do _ /dt R 97T’
do, dtdop

> New (IRC safe) observable: t, = >_. ESI':_" % cos;

i

_ R(b
dtx / dbcos(bty)e™
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Next Step

> Sudakov safety calculation
» Full double differential resummation

> Evaluate non-perturbative corrections, with Pythia

Future Works
> Push to higher accuracy (NNLL) and compare with ATLAS (next project)

Jet Pull
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